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TRAFFIC ENGINEERING AND OPERATIONS
SECTION A. TRAFFIC ENGINEERING

PART |- INTRODUCTION

Kansas City has adopted numerous guidelines, mesady regulations, and ordinances in the
area of traffic engineering. The topics coveredtlie traffic engineering section include:
regulations for traffic signals, signs, and parkiaghicle restrictions; traffic calming; pavement
markings; traffic control; street closures and asamanagement.

Since the development of the guidelines, resolstemd ordinances have originated for different
reasons over a period of many years, the individeglirements pertaining to traffic issues are
scattered and contained in several supporting deatsn

The purposes of this section are to: incorporatermmation and concepts regarding frequently
used or requested traffic control measures andr ath#fic engineering requirements into one
document; provide general principles used in thesitn making process; and list additional
reference sources wherever necessary.

Details provided in the Manual on Uniform Trafficotrol Devices (MUTCD) will not be
incorporated into this manual.

The guidelines discussed in this section are irgdri serve as an aid in addressing various
traffic conditions and are to be used in conjunctiath, experience, judgment, and engineering
knowledge. The traffic regulations are based upun éxpected behavior of motorist under
various conditions. Generally speaking, traffic ulagjons that reflect the behavior of the
majority of the road users are found to be sucoéssEfaffic regulations that result in excessive
restrictions encourage violation, and usually f@l accomplish the desired changes in the
behavior of users. This section was developed ljp toeprovide an effective and accurate basis
for regulating traffic flow and encourages unifotynin implementing traffic engineering
principles.
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PART II- REGULATORY GUIDELINES

A. Traffic Signals

Traffic signals are used to assign vehicular andepgian right-of-way. Under specific
conditions signals may be capable of improvingtyaf@hey are intended to:

Reduce the frequency of violation of right-of-way.

Assign the orderly movement of traffic.

Ensure the efficient flow of traffic along a givesute.

Provide gaps for vehicles, pedestrians and bidgcls safely cross or enter a heavily
traveled road.

Unwarranted traffic signals may cause:

Excessive delay, waste energy and increase aurtjoll

Driver disrespect and disobedience of traffic coindevices.

An increase in the occurrence of accidents (eslofthe rear end category).
Motorists to divert to other routes to avoid delays

1. Installation

Traffic signals should not be installed unless ohthe warrants specified by the Manual on
Uniform Traffic Control Devices (MUTCD) in Chapte4C has been satisfied. The
satisfaction of a warrant is not in itself a jusation for a signal. A traffic engineering study
must be conducted to determine if the signal shbeldnstalled. The study must include
analyses of the spacing of signals on arterial wagd as it is a critical element which
defines system efficiency and operational saféftiie basic question that must be answered
is “will this intersection operate better with oitout a traffic signal?”

The installation of traffic signal requires sountgmeering judgment and must balance the
following sometimes conflicting goals:

Moving traffic in an orderly fashion.

Minimizing delay to vehicles and pedestrians.
Reducing crash producing conflicts.

Maximizing capacity for each intersection approach.

apop
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2. Removal

Often changes in traffic patterns eliminate thedniee a traffic control signal. If this occurs
consideration should be given to removing the digmad replacing it with appropriate
alternative traffic control devices if needed.ohder to remove a signal, it is the policy of the

Street and Traffic Division to conduct a detailtady of signal warrants as established in the
Manual on Uniform Traffic Control Devices if thellimving three conditions are met.

a. Number of right angle accidents predicted to oafter the removal of signals does
not exceed 5 in a 12-month period.

b. Side street sight distance is satisfactory to gafelss or merge into the main street.

c. Traffic volumes in the next 5 years are not expetbeincrease over 10 percent.

If these conditions are not met, consideration igha removal is to be deferred. If
conditions are met, an analysis of signal warrast®do be conducted and the removal of
signals recommended, if none of the signal warrargsnet.

1 Background Information

There are locations where, due to changes in #fictconditions, the need for a signal is no
longer present. Several obvious locations would wieere a school or commercial
development has closed or gone out of businegs.ptissible traffic signals can no longer be
justified due to changes in traffic patterns. Natter what the reason for a traffic signal to
become no longer needed, it can be a very diffdedision to remove an existing signals.

There is a public perception that traffic signate the solution to most traffic problems.

Traffic engineers know this is not the case. Haosveif the removal of an existing signal is

to be successful, this perception by the generalipis the greatest hurdle to be over come.
While this can be a very high hurdle, it is possiib clear if proper engineering

considerations are made and supported.

There are five major areas that need to be addtdémfere seriously pursuing the removal of
an existing signal: warrants, accident experiersight distance, pedestrians, and other
considerations.

Warrants
If traffic volumes are such that the highest atyivday is only 50 per cent of the required

volumes to meet any of the MUTCD warrants, then aesh can be considered. For
example, warrant one requires 150 side street hashper hour for an hour to be considered
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warranted. If there are 75 or less side streetclesh per hour, then this would not be
considered a warranted hour. If none of the hofis normal day meet this level, then the
signal could be a candidate for removal.

Accident Experience

Accident experience, both historical and expectealhy be a very tough issue when
considering a signal for removal. A thorough revief the accident history at the
intersection should be done to determine what heenboccurring at the intersection.
Historically, the removal of an unwarranted signah cause a decrease in rear end type
collisions of 50 percent and increases in rightl@nigft turn, and pedestrian crashes of 30,
10, and 10 per cent respectively. If the numberigiit angle accidents expected to occur
after the removal of signals does not exceed fiv@are in a 12-month period, then it can be
considered for signal removal.

Sight Distance

The sight distance available to the side streettiqodarly if two-way stop control is
proposed, is very important to the removal decisi¢inthe sight distance available for the
side street is less than the stopping sight distaioc the main line approach speed,
consideration of signal removal should not be abergid. Removing a traffic signal at an
intersection without adequate sight distance witistrlikely double the number of expected
right angle crashes when compared with intersestwith adequate sight distance. If side
street sight distance at the location is satisfgcto safely cross or merge into the main
street, then it can be considered for signal refnova

Pedestrians

Consideration for pedestrians using the existiggal must be made. Consideration should
include examination of the land use, street widting pedestrian and traffic volumes at the
existing signal. Classification of pedestriansigtidoe made to distinguish between children
(under age 16) and adults using the signal.

Signals would be recommended for removal if antheffollowing conditions are met:

a. If there are less than five children (under ageusiig the crosswalk during the peak
crossing hour.

b. If there are 5 — 20 children (under age 16) udmydrosswalk and the critical volume
on the major street being crossed is less thanghe at which special measures are
required for the safety of the students. Rangesitiéal volumes are shown below.
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Width of street (feet) 25 50 75
Critical volume (vehicle$ 1072 361 173
per hour)

A signed and marked crosswalk shall be maintaifi¢eni or more pedestrians (adults and
children) per hour crossed the major street atldbation. The pedestrian signal shall be
maintained if there are more than 20 children (uagle 16) using the crosswalk during the
peak crossing hour.

Other Considerations

If the four above areas indicate removal of thealgs favorable, other areas should still be
reviewed. A review of the original reasons fortatiing the signal should be done. If the
needs are no longer present, then considerationaamue.

Cost is another consideration to be reviewed. @&Hhsrobvious savings in utility and

maintenance costs to the city. Also, there aréscimsthe traveling public, such as reduced
delays, fuel savings, and emission reductions wtdah be beneficial and should be
estimated.

Procedure to be followed for the Removal of Tra8ignals

After all of the above areas have been thorougbhysitlered and the decision is made to
recommend removal, the following steps will be take

a. Recommendation to begin 90-day trial period appidwe Street and Traffic Division
Head.

b. Public notice of the intention to remove will be sdea This will consist of a news
release, notification to the district councilpersand signs at the signal indicting that
it is under study for removal.

c. Signal will be placed in flashing operation. Tlypd of flash used will compliment
the type of traffic control selected for the intmgon, yellow/red for two-way stops
and red/red for four-way stops.

d. After the 90-day trial period, an evaluation wik Imade of the public comments
received during this period.

e. After the 90-day trial and public comment period aompleted successfully, a traffic
regulation for signal removal will be prepared.

f. After traffic regulation is approved, the signabds will be bagged and signal power
turned off. Signs will be installed at the intersen indicating date of removal and
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appropriate traffic control device installed. Tipkase will continue for additional
90-days.

g. At the end of the second 90-day trial period, aal@tion will be made of the
accident experience during the past six monthsis d@ate will be compared to both
the before condition and the expected accident rexpee determined prior to
beginning the test period.

h. After both 90-day trial periods and the accidenaleation have been completed
successfully, an ordinance will be prepared. Afiter ordinance has been passed, the
signals will be removed.

Note: Traffic signal outage occurs for various reasondsually these outages are
temporary in nature and the outage is being restore very short order. For
intermediate and long term signal outages, stopsigill be placed at the intersection.

B. Signs

Signs should be used only where warranted by factsfield studies. Signs are essential
where special regulations apply at specific timely or where hazards are not self evident.

1. Two-way Stop Signs

The stop sign is a regulatory sign that is usednwthaffic is required to stop. A stop sign
may be considered at an intersection where existimglitions suggest the need to provide a
greater level of right-of-way assignment. A stognsshould not be considered as a “cure
all” or used as a substitute for less restrictikeraates. Often improving the sight distance
at an intersection can eliminate the need for p sign. This type of a device is not used to
control speeds. Studies have demonstrated thedualh motorists reduce their speed in the
immediate vicinity of the stop sign, they quickBsume their previous speed a short distance
beyond the stop control.

Intersections must meet one or more of the follgwdonditions for two-way stop signs to be
installed.

a. A crossing comprising of a minor road and a throsgfeet where motorists on the
through street have preferential right-of-way.

b. An unsignalized intersection in a signalized area.

c. Locations where there is a combination of high dpeeaffic, restricted view, and a
previous crash record that indicated a need fqr sign control.

d. Three or more right angle collisions have occurred twelve-month period that may
have been correctable by the installation of a stoyrol.
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The advantage of a two-way stop sign is that themnflows do not have to stop and they
incur almost no delay at the intersection.

2. Multi-way Stop Signs

The decision to install a multi-way stop controbsid be based on an engineering study.
The use of this type of traffic control device @slie restricted to locations where they are
really necessary and justified, as it is an inedfit form of control requiring all motorists to
stop all the time.

Multi-way stop control can be useful as a safetyasuee at intersections if certain traffic
conditions exist. Multi-way stop control is nortyalised where the volume of traffic on
intersecting roads is approximately equal and tmlined vehicular, pedestrian, and bicycle
volume entering the intersection (all approachesinore than 500 units per hour for the
same eight hours.

All-way stop control installation may be considerelden anyone of the following conditions
exists.

a. Where traffic control signals are justified, the Ithway stop is an interim measure
that can be installed quickly to control traffic Meharrangements are being made for
the installation of traffic control signals.

b. A crash problem, as indicated by five or more rghgle or left turn reported crashes
in a 12-month period that are susceptible to ctimedy a multiway stop installation.

c. Minimum traffic volumes specified in the MUTCD ameet.

d. Locations where a road user, after stopping, caseetconflicting traffic and is not
able to safely negotiate the intersection unlesdlicting cross traffic is also required
to stop.

3. Yield Signs

A yield control is used to formally assign rightawty at locations where motorists are
experiencing uncertainty as to who has the rightray. Often, improving the sight distance
can eliminate the need for a yield control. Vedsctontrolled by a yield sign need to slow
down or stop when necessary to avoid interferintt wonflicting traffic.

A yield control maybe considered when any one effthlowing conditions exists.
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On the minor road of an intersection where it isessary to assign right-of-way to
motorists on a major road but where a stop comtmalld be overly restrictive and the
safe approach speed exceeds 10 M.P.H.

Where there is a separate or channelized righta tane without an adequate
acceleration lane.

At an intersection where the results of an engingestudy indicate that conditions
are susceptible to improvement by the use of alyiehtrol.

4. Speed Limits

a. City Streets

Speed limits like any other law need to be reaslenalmd proper so that it is
voluntarily obeyed by a majority of the citizensavaire law abiding citizens. This is
the basic concept on which speed limits are bas&dhitrarily lowering the speed

limits results in increased violations and disresper traffic laws. Section 70-362 of
the Kansas City, Missouri, traffic code specifiee following maximum speed limit

unless otherwise posted.

1) Twenty-five miles-per-hour on all streets excepbsi which have been
designated as through streets.
2) Thirty-five miles-per-hour on all through streets.

The maximum speed limits set forth in this sectioay be altered upon the basis of
an engineering and traffic investigation.

The primary information used in the engineeringestigation is the observed driving

speeds for a sample of actual drivers on the seoctidoad or street that is to be speed
zoned. From this sampling it is possible to deteemwhat speed most drivers

consider proper and this information, along withdaise and roadway geometrics are
used to establish the legal speed limit. The 8% qmdile speed of the sample is

considered to be most reasonable and is used aglalige to establish the speed

limit. Enforcement of this speed limit can thendieected to those drivers operating

clearly outside the speed range.

b. School Zones

School speed limits may be installed on all streetstiguous to elementary school
property between the minimum hours of 6:30 a.nmB:8) a.m. or 7:30 a.m. to 9:30
a.m. in the morning and 2:00 p.m. to 4:00 p.m. ®@03p.m. to 5:00 p.m. in the
afternoon on any day the school is in sessionntidmns listed below are met.
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1) A school speed limit is not justified at locatiombere the existing speed limit is
greater than 50 M.P.H.

2) Along routes where the existing speed limit is 40°PNA. or greater but does not
exceed 50 M.P.H.

The school speed limit to be posted will be detaedi by a traffic engineering
investigation and will not exceed a 10 M.P.H. dinophe existing posted speed.

This school speed limit may be justified when tbkofving conditions are met:
1) Sidewalks adjoin the school property.

2) Atleast 100 students are enrolled in the school.

3) At least 20 percent of the enrolled students walkahool.

The school speed limit can be supplemented withamivg light which flashes in
accordance with the school’s hours. It is the eespility of the school district to
pay for the cost of the sign and flasher installatind operation.

Along routes where the existing speed limit is ldss 40 M.P.H.

A school speed limit of 25 M.P.H. may be justifieshen the following
conditions are met:

1) Sidewalks adjoin the school property.
2) At least 100 students are enrolled in the school.
3) At least 20 percent of the enrolled students walkahool.

If the school district desires that a speed limgt déstablished for hours other than
6:30 a.m. to 8:30 a.m. or 7:30 a.m. to 9:30 a.rd.z2200 p.m. to 4:00 p.m. or 3:00 p.m. to
5:00 p.m. and they desire summer school operatithes) the school district will be
required to pay for the installation of a schoalsfier that will function in the desired
hours. If the school district does not contribict¢he flasher, then the school speed limit
25 M.P.H. will be established by signage only.

C. Parking Regulations

Various parking regulations may be used to impriva#ic or pedestrian safety, implement
time limit restrictions, designate parking spaaasphysically disable persons, set up loading

Zones

and establishes permit parking in certaieatal areas. Normally, all changes in

parking regulations are adopted on a 90-day tradid and if the trial is found to be
successful an ordinance is passed at the end dQuay trial period to make the change
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permanent. Guidelines/practices used to implenodi@inges in parking regulations are
described below:

1. No Parking Anytime (establishment or elimination & such restrictions)

Arterial streets exist for the purpose of movingffic. The traffic engineer has the
responsibility of insuring that each arterial highywbe used to maximize flow under safe
conditions. The conflict between moving vehicledatihe stationary vehicle (on street
parking) on the arterial is normally resolved indaof the vehicle in motion. On collector
type facilities parking issues may not always tsoheed in favor of vehicles in motion.

“No Parking” regulations on arterial streets in theection of the predominant traffic flow
during peak and off peak hours is based on an eagimg study that considers factors such
as intersection and mid-block accidents, sightadists, traffic demands, roadway geometrics
(especially the width of the street), the numbelaoks available for moving traffic and the
potential for moving vehicles to run into parkedsca Businesses or residents wanting to
eliminate or install no parking restrictions onatpgular block(s) of an arterial or collector
street should send a petition signed by 75% ofhihweseholds or businesses in the specific
block(s) to the Street and Traffic Division appmyithe proposal. Upon receiving such a
petition, an engineering study will be conducted #re citizens informed of a decision.

The local street has the primary function of segvabutting land use. Here the conflict
between vehicles in motion and the vehicles wartiingark is generally resolved in favor of
allowing motorists to park. Decisions on whethemot to permit parking on one or both
sides of the street take into consideration facdach as street width, one or two-way traffic
flow and the percentage of homes with garagesigeways. Residents desiring to change
the parking restrictions on a particular block(6adocal street should send a petition signed
by 75% of the affected residents approving the psap Upon receiving such a proposal a
decision will be made by a staff engineer (basedroengineering study, if necessary) and a
response provided to the citizens.

2. Time Limit Parking

Requests for time limit restrictions are normallsargted by the dept. staff if there is a
unanimous agreement between businesses or residesisng such restrictions. For

installing, changing or eliminating time limit restions in a specific block(s) of a street, a
petition signed by 75% of the businesses or houdahdhe specific block(s) should be sent
to the Street and Traffic Division approving theopwsal. In case of conflicts or an

inappropriate request an engineering study mayhbeducted to determine the proper course
of action. Such a study would normally take intmsideration the surrounding land use,
average duration of parked cars, turn over ratdy cacupancy and percent of violations.

10
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3. Handicapped Parking

The Director of Public Works Department is authedzo designate and establish parking
spaces for the exclusive use of vehicles which lays@ distinguishing license plate or
placard issued to the physically disabled or haapped persons and maintains appropriate
signs indicating the reservation. A business orimdlvidual person may apply for
handicapped parking by completing a applicatiorgilaile from the Street and Traffic
Division of the Public Works Department of KansasyCMo. located at 5310 Municipal
Avenue, Kansas City, Mo. 64120, or on line (www.kcarg). If a citizen desiring to apply
for handicapped parking does not own the propénty,application for handicapped parking
space must include written permission from the prigpowner. It normally takes about 6-8
weeks to install the handicapped parking signs.e $pace is reserved for any person
possessing the appropriate placard or license.plate

Missouri Law and Kansas City Missouri Ordinanceuieggs an official “disabled” license
plate or windshield placard for a vehicle to legalark in a space designated and reserved
for disabled persons on private property, publikipa lots, or on city streets.

To obtain a Missouri State “disabled” license platevindshield placard:

a. Use Form #DOR-1776, physician’s statement for dehbperson license
plates/placard, from the State Department of Rexg310) 751-4509, or obtain a
letter signed by your doctor stating your namealiigy, and whether it is permanent
and the reason you need a reserved parking permit.

b. Take the signed Form #DOR-1776 or a letter signegydur doctor to the nearest
state or fee office that issues plates and asleitber plates or windshield placard.
Proof of ownership, vehicle inspection and tax ngicare required to obtain license
plates.

4. Loading Zones

The director is hereby authorized to determineldication of loading zones, and shall place
and maintain appropriate signs indicating the zomed stating the hours for which the
loading zones is applicable. A person desiringading zone must complete the loading
zone application available from the Street and ficraDivision of the Public Works
Department of Kansas City, Mo. located at 5310 Mipal Avenue, KCMO 64120 or on line
(www.kcmo.org). The application shall be accompdry a deposit of $15.00, which shall
apply to the annual fee if such loading zone israypgd and which shall be returned to the
applicant if the loading zone is denied. The dogcupon granting a permit, shall collect
from the applicant and deposit in the City Treasamyannual service fee. The annual service

11
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fee charged depends on the length of the zondyabes of the day during which the space is
available and the location of the loading zonee htails pertaining to the fees required are
specified in the application.

If a loading zone is established it may be usedahyone desiring to load or unload

merchandise. The space is not to be used as mgaillace for private or company vehicles.

Loading zones are subject to any parking prohibgithat may be in effect in the same block
and the loading operations are limited to 30 miswter vehicle.

5. Residential Permit Parking

Section 70-537 of the Kansas City’s traffic codé¢hatizes the establishments of a permit
system whereby vehicles bearing a valid resideptaking permit are allowed to park their
vehicles in excess of the posted parking restrctio order to establish a residential permit
program, the neighborhood association or a perspnesenting the area should send a
petition to the Street and Traffic Division signied 50% of the residents of the designated
area requesting that a residential permit prograradtablished and convey the willingness to
pay for the cost of the program. The designated ahall be at least eight “blocks faces” or
80 curb parking spaces (20 linear feet of curb dach phase). Smaller areas will be
considered if the area is completely surroundeccdaymercial, industrial or institutional
uses. Area in front of commercial property is notbe included in the residential parking
zone. In order for a street or area to be eligiblethe program the following additional
conditions must be met.

a. At least one side or 50% of each street and bloaktrhe zoned residential and not
contain any parking meter.

b. There must be reasonable and generally acceptiieadive areas for the displaced
commuter vehicles.

Upon receipt of a valid petition, the city staffmdonduct a block-by-block parking survey
of the proposed residential permit parking areavbeh the hours of 7:00 a.m. and 6:00 p.m.
No residential district or portion of it may be dpsted as a residential permit parking area
unless

the survey reveals at least 66% of the total numlmércurbside parking spaces in the
proposed area were actually occupied by vehiclenglyperiods of maximum parking
accumulation.

A public hearing will be conducted prior to makiagfinal decision on whether or not a
particular street or area should be designatedefidential permit parking or removed from
the program. A hearing may be waived if 100% of iegidents along a particular street or
area have requested this designation.

12
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Following Council approval of the designation ofegidential permit parking area or street,
the Director or other issuing authority will isstine appropriate permits on a first-come first-
serve basis. An annual permit shall be issued eoothiner or operator of a motor vehicle
residing within a residential permit parking areacsvning residential property within a

residential permit parking area upon applicatiod @ayment of the applicable fee to the
Director or other issuing authority.

An annual permit shall not be issued until the mapit requesting such permit has paid
$10.00 for each permit. A temporary permit, vabd & 24-hour period, may be procured in a
packet of 7 temporary permits for $2.00. An addiibtemporary permit, valid for the same
time period, may be procured at no additional chafggemporary permits may not be issued
for more than two different periods per month pselling unit.

6. Angle Parking Policy

Angle parking may be permitted along roadways whieeespeed limit is 35 M.P.H. or less if

adequate width exists to accommodate the parkingtlaa traffic volumes. However, the

final decision is to be based on the judgment eftthffic engineer evaluating the particular
location. Angle parking is to be limited to 45 degs or 60 degrees.

Minimum design standards for 45 degrees and 60eesgparking are shown below.These
design standards apply to head-in angle parkingedisas back-in angle parking

Parking Stall Stall Stall Distance Between Stall an
Angle Width (ft.) Depth (ft.) Length (ft.) Adjacent Traffic Lane
(ft.)
45° 8.5 18.7 18.0 3.5
60° 8.5 19.8 18.0 3.5

Notes: Angle parking is to be provided only atdtiens where significant short term parking demexidts

D. Vehicle Restrictions

The Kansas City code of ordinances describes |hatsréstrict the movement of vehicles in
order to promote safe and efficient transportaiwdrpersons and goods. Guidelines for
establishing one-way streets, truck restrictiond aeight restrictions are described in this
section of the policy manual.

1. One-Way Streets

One-way restrictions can be implemented on artes@lector or local streets. Conversion to
one-way operation may be considered for a variétyeasons including increased traffic

13
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usage, conflicts among vehicular flows, conflictetvieen pedestrians and vehicles,
congestion, collisions, narrow street widths andnaed for on-street parking. The
conversion of one-way to two-way facilities on adbs generally requires an examination of
the impacts on on-street parking, roadway connedtioparking facilities, truck deliveries,
transit operations, pedestrian movement, traffagpession, traffic and pedestrian safety and
intersection capacity.

One-way arterials impact circulation and requirganists to travel around the block. A two-
way circulation system reduces the amount of aaltfdi travel distance by providing more
direct routes between destinations. On the otldhthe vehicle hours of travel of a
transportation system increases with the conversmriwo-way streets due to lower
capacities and more conflicts of traffic flow atarsections. On residential type of facilities,
the main factor to be considered in establishingloninating one-way restrictions include
street widths, demand for on-street parking, atadita of driveways and off-street parking,

suitable termination pointes and the impacts oacatjt streets.

Businesses or residents wanting to eliminate @béish one-way restrictions on a particular
block(s) of an arterial, collector or residentibbald send a petition signed by 100 percent of
the households or businesses in specific block(she Street & Traffic Division approving
the proposal. Upon receiving such a petition, agireering study will be conducted, if
necessary, and citizens informed of a decision.

2. Truck Restrictions

The safe and efficient movement of goods is esslefdr the economic vitality of the city
and its residents depend on the timely deliverygedds to conduct their daily activities.
Trucks are the predominant means by which goodsraneported. However, citizens often
complain about the negative impacts of truck tcafffhese complaints concern

noise, air pollution, damage to roadways and therugiion of the sovereignty of the
neighborhoods. They tend to become more severa ahmmercial vehicles make through
trips on streets not suited for this purpose. hid time, the city does not have a network of
roads designated as truck routes. Truck traffigeserally prohibited on parkways and
boulevards.

The staff of Street and Traffic Division presendlgidresses citizen concerns regarding the
prohibition of truck traffic by a petition proces8usinesses or residents wanting to prohibit
trucks on a particular block(s) of an arterial,leclor or local street should send a petition
signed by 75 percent of the affected householdsisinesses approving the proposal. Upon
receiving such a petition, an engineering study lalconducted and the citizens informed of
the decision. The decision will be based on tlierea described below. All of the criteria
mentioned must be met prior to giving consideratmthe prohibition of trucks.
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Primary Arterials

At least 80 percent of the frontage along the eaatif one mile or greater in length
should be residential use.

At least six percent of the traffic volume shoukldbassified as trucks.

Other arterials with nonresidential land use aldhg frontage are available to
accommodate diverted trucks.

Secondary Arterials and Collectors

At least 50 percent of the footage along one neleisn of the secondary arterial or
% mile section of collector facility should be d=ntial use.

At least six percent of the traffic volume on thmadway should be composed of
trucks.

All sections considered for truck prohibitions mbst at least one mile in length for
arterials and %2 mile in length for collectors.

Other arterials or collectors with non-residentiahd use along the frontage are
available to accommodate diverted trucks.

Local Streets

The street must be mostly residential.

At least four percent of the traffic volume on theadway section should be
composed of trucks. All sections considered fackrprohibitions should be at least
% mile in length.

Other roadways with non-residential land use arglavle to accommodate diverted
trucks.

For the purpose of analyzing the above criteritiuek is designed as any vehicle with three
or more axles or greater than 32 feet in lengtla dicensed weight of greater than 20,000
pounds designed or operated for the transportafignoperty.

3. Weight Restrictions

The weight restrictions for trucks are includedSac. 70-909, 70-910 and 70-911 of the
Kansas City’s traffic code. Details of weight régtons are provided for single axle load
limit, tandem axle load limit and gross weight @ficles and loads. A brief description of
load limits is described below.

Sec. 70-909, Single axle load limit.
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The gross weight imposed on a bridge maintainethbycity by the wheels of any
one axle of a vehicle shall not exceed 18,000 psund

The gross weight imposed on a street or highwathbywheels of any one axle of a
vehicle shall not exceed 20,000 pounds.

The gross weight imposed on a street or highwathbywheels of any one axle of a
motor vehicle operating exclusively within the city within two miles of the
corporate limits of the city or within the commeicizone as defined by RSMo
304.190.3 shall not exceed 22,400 pounds.

For the purposes of this article, an axle load Ishal defined as the total load
transmitted to the road by all wheels whose ceraersncluded between two parallel
transverse vertical planes 40 inches apart, extgndcross the full width of the
vehicle. (Code of Gen. Ords. 1967, 34.250; Ord. 825, 10-20-72; Ord. No.
56381, 8-16-84)

Sec. 70-910, Tandem axle load limit

a.

b.

C.

The gross weight imposed on a bridge maintainethbycity by the wheels of any
tandem axle of a vehicle shall not exceed 32,0QMhgs.

The gross weight imposed on a street or highwatheyheels of any tandem axle of
a vehicle shall not exceed 34,000 pounds.

For the purpose of this article, a tandem axlel df@lany two or more consecutive
axles, whose centers are more than 40 and not timame96 inches apart, individually
attached to or articulated from a common attachnmenthe vehicle, including a
connecting mechanism designed to equalize the beadeen axles. A tandem axle
load shall be the total load transmitted to thedrbg all wheels whose centers are
included between two parallel transverse vertitah@s more than 40 inches and not
more than 96 inches apart extending across thenidth of the vehicle. (Code of
Gen. Ords. 1967, 34.251; Ord. No. 56381,8-16-84)

Sec. 70-911, Gross Weight of Vehicles and Loads

a.

Subject to the limit upon the weight imposed upba street or highway through
single and tandem axles as set forth in Sectio®0®-and 70-910, the total gross
weight with load imposed upon a street or highwsyaby group of two or more

consecutive axles of a vehicle shall not exceed dgiess weight given for the

respective distance between the first and last aklthe group of axles measured
longitudinally to the nearest foot and describethmtable included in Sec. 70-911 of
the Kansas City’s traffic code.

Subject to the limit upon the weight imposed thiowny one axle or through any
tandem axle as provided in Sections 70-909 and1m0-the total gross weight with
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load imposed upon any bridges generally considérngdhe state highway and
transportation commission to be on the supplemegrdgstem or upon any bridges
which are under the jurisdiction of and maintairmdthe city shall not exceed the
gross weight given for the respective distance betwthe first and last axle of the
total group of axles measured to the nearest fodtd@scribed in the table included in
Sec. 70-911 of the Kansas City’s traffic code.

c. The state highways and transportation commissidh waspect to bridges on the
supplementary system, or the director with respecbridges on city streets and
highways, may determine and declare that certasigdated bridges may legally be
subjected to the higher limits described in subsedia) of this section. Such bridges
shall be designated by special signs indicatingsthgle axle load limit, tandem axle
limit and gross weight limit. (Code of Gen. Ord967, 34.252; Ord. No. 41525, 10-
20-72; Ord. No. 567381, 8-016-84)

PART Il - OPERATIONAL GUIDELINES
A. Traffic Calming Guidelines
1. Introduction

Traffic calming is an integrated approach to t@filanning that seeks to create a more
livable urban environment by reducing the unde$trampacts that traffic can have on
neighborhoods. Traffic calming guidelines for Kan<ity have been developed to preserve
a vital urban environment where people can livewatk without being threatened by traffic
related problems. The most common traffic probleomslocal streets and residential
collectors are associated with the following eletaen

a. Excessive speeds
b. Cut through traffic
c. Through truck traffic

These in turn can lead to related problems sudraffsc noise, accidents, and difficulties for
pedestrians and bicyclists.

Traffic calming looks at three kinds of possiblelusions education, enforcement, and
engineering. Education solutions instruct peopie ways they can help ease traffic
problems, for example, by reducing their speedraveling by bus or bicycle instead of
automobile. Enforcement solutions enlist the hefpthe Police Department’s Traffic
Enforcement Unit to focus enforcement efforts oe #ireets and increase community
awareness of speeding problems. Engineering eokitnclude providing a variety of traffic
calming device options that can help reduce spaectease truck or passenger car volumes,
and improve safety on local streets and resideoctiéctors.
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The goal of Kansas City’s Traffic Calming Prograsntd provide for the safe and efficient
movement of persons and goods while preserving,arehg, and reclaiming the
neighborhoods’ livability. The objectives of thep#&delines are to:

a. Develop criteria for the selection and placementtraffic calming devices for
speeding traffic, cut through traffic, and througgbck traffic on local streets and
residential collectors.

b. Types of Traffic Calming Devices

c. Establish a process for plan development and imgteation.

These topics are discussed in the following sestadrthe guidelines.
2. Criteria for consideration of placement of traffic calming devices

In order to make efficient use of available funilsep frustration levels of drivers to a
minimum, and to minimize negative impacts of calgnidevices such as effects on
emergency vehicles, increase in traffic volumesotrer neighborhood streets, appropriate
criteria for the selection of street or street segt(s) for the installation of traffic calming
devices must be developed. Separate criteria bese prepared for the selection of devices
for reducing speeds, decreasing cut through orsskee truck volumes, and eliminating
through traffic.

a. Criteria to be met for the selection of street toeet segment(s) for calming devices
to reduce speeds:

1) The street must be classified as a local facilityesidential collector with curb
and gutter where 75 percent of the properties fdhtage on the street must be
in residential zoning.

2) The posted speed limit must be no more than 30H.8nad the 88 percentile
speed observed is at least 7 M.P.H. over the dpaéd

3) All other efforts have failed to lower speeds.

b. Criteria to be met for the selection of street toeet segment(s) for calming devices
to reduce the volume of cut through traffic:

1) The street must be classified as a local streetsadential collector.

2) The typical weekday 24-hour traffic volume musteed 500 vehicles per day for
local streets and 1,500 vehicles per day for residlecollectors. Alternative
actions should be considered when traffic volumesthe study street exceed
5,000 vehicles per day. A system analysis is recended to thoroughly
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examine potential improvements on the major routet would provide the
needed capacity.

3) Other arterial and collector facilities are avaléalio accommodate diverted
traffic.

c. Criteria to be met for the selection of street toeet segment(s) for calming devices
to reduce through truck traffic:

1) The street must be classified as a local streetsadential collector.

2) At least 4 percent of the traffic volume on the dway section should be
composed of trucks.

3) The street segment under consideration must least two blocks in length.

4) Other arterial and collector facilities are avaiéato accommodate diverted truck
traffic.

d. Criteria to be met for the selection of street toeet segment(s) for calming devices
to eliminate through traffic:

1) The street must be classified as a local street.

2) The typical weekday 24-hour traffic must exceed B@Ricles per day.

3) The segment that is closed should be no greateraha block in length.

4) The proposed closure must be approved by the Patidd=-ire Departments.

5) The street segment proposed for closure must natsbd by school or A.T.A.
buses.

3. Type of Calming Devices

Stop signs are often requested to reduce vehispleeds. However, stop signs have been
found to be ineffective in reducing speeds andamly installed to assign right-of-way at
locations wherever necessary. Unless the traffieditmns at the intersection meet the
criteria in the Manual on Uniform Traffic ControleDices for stop sign applications or
multiway stop applications, a stop sign will notibstalled as a traffic calming device.

However, there are several physical controls abtEl#o reduce vehicular speeds and cut-
through traffic or through truck traffic. The magiccessful and commonly used techniques
for reducing speeds are speed humps  Other sfictesd commonly used devices to
reduce cut-through traffic or through truck trafficlude traffic circles, diagonal diverters,
entrance gates, forced turn channelization, imprerg of major streets, one way streets,
semidiverters, and turn prohibitions. Cul-de-saesused to eliminate through traffic.
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The most appropriate device from the above list wé selected for traffic problems
identified in the Kansas City area. A brief ex@ton of the physical devices and their
impacts follow.

a.

Devices to Reduce Speeds: As mentioned aboved $peeps are commonly used to
reduce speeds. These devices are described below.

Speed Humps:(Detail 1) is a permanent section of pavementtlibmg. The speed
hump design is 3 inches at their highest point ks in width, depending on the
width of the road traversing. The number of speedhs installed on a street
depends on the length of the street. For speegpsiumbe effective, they must be
installed in a series, approximately 250 to 60Q &gmrt. Speed humps can only be
installed on paved residential streets with curbfsgeed humps should be located a
minimum distance of 150 feet from the intersecti@®@peed humps must be installed
at least 15-20 feet away from the driveways aneyall Speed humps must not be
placed on residential collector streets with a dewyellow centerline and where the
typical weekday 24-hour traffic volume exceeds 0,5@hicles-per-day. The street
segment under consideration must be at least 580 fEhe grade of the street must
not exceed 8%, and drainage of the street mudienobmpromised.

It has been found that speed hump installationsigeoa substantial reduction is
overall speeds on the streets they have beenletstal

Devices to Reduce Cut through Traffic and Exces$iuek Traffic:

Several successful physical controls have been taseztiuce cut through traffic and

excessive truck traffic. These devices are desdriielow. However, alternates such
as improving arterial streets, installing turn phafions, one-way street conversions
or other appropriate measures may also be condidere

Traffic Circles: are traffic calming devices that can be used turobthe speed of
traffic through an intersection along with discagirgy traffic from cutting through.
They appear as landscaped circular shaped islandbei center of intersecting
roadways. The reduction in street width causethbyintroduction of a traffic circle
causes drivers to slow down as they pass the aesiri To truly be effective,
approach splitter islands need to be installed itect traffic counterclockwise
through the intersection. However, this deviceyrhave limited effects on mid-
block speeds. There is also evidence that propdebigned and installed traffic
circles reduce vehicle accidents at intersectiams w slower speeds by motorists
negotiating the device. These devices if instaitesdy also result in the reduction of
traffic volumes.
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Semidiverters: Typically used to deter traffic from cutting thigiu a residential
neighborhood from a congested arterial street. 3émi-diverter is a physical
reinforcement to the regulatory “Do Not Enter” atdn prohibition signs on the
crossing street. Semi-diverters have the advargbgeoviding minimal impediment
to emergency vehicles and allowing two-way traffitev once past the restriction.

Forced Turn Channelization: Limits certain traffic movements at intersections
through a combination of signal and traffic island€hannelization is intended to

make travel through a neighborhood difficult buedgmot restrict it entirely. Adverse

safety impacts are minimal and violation ratesggmeerally low.

Diagonal Diverters A diagonal diverter converts an intersection intwo
unconnected streets by placing a barrier diagortAligugh the intersection. This
prevents direct uninterrupted movement throughngtighborhood by forcing a turn
at the barrier. Nonlocal traffic must traverse ander distance through the
neighborhood, diminishing the street’'s attractieanas a through route. It has an
advantage over cul-de-sacing in that traffic is ‘fi@pped” on the street, making the
installation more acceptable to local residents #mal street more accessible to
emergency vehicles. The violation rate is low,dsoaping potential exists, and
adverse safety impacts are minimized through projgsign, advance signing, and
pavement markings. The main drawback of a diagdnadrter is that use of the
device in a simple installation simply diverts frafonto another local street. It is
important that the installation of the diagonal etter be a part of a system of
neighborhood traffic control devices that considbesneeds of the neighborhood as a
whole, not just one street.

Intersection Cul-de-sacs and Mid-block Cul-de-sacs Cul-de-sacing is a

commonly used and very effective way of eliminatmgn-local traffic on a street.

However, there are inherent problems in closingreet The response time of
emergency vehicles may be increased and residahtiave only one-way to and

from the street. If unwanted through traffic isparsistent problem and a high
violation rate is noted with other traffic devicesyl-de-sac may be an alternative.
Cul-de-sacs can be landscaped to add to the env@nainof the street.

4. Process for Plan Development and Implementation
Procedure for requesting Traffic Calming devices (feed Humps)
The City of Kansas City has established a mechamgmvhich Traffic Calming Devices

(Speed Humps) can be installed to address speedmgerns on residential streets. Some of
the effects are listed below:
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ADVANTAGES

Significant reduction of travel speeds at or nda tlevices. For effective speed
reduction, a series of devices is needed along kingight streets.

The devices provide 24-hour, year-round servicanrattempt to control high travel
speeds along residential streets.

May discourage cut-through traffic that is usingidential streets due to congested
conditions on an adjacent arterial or major cotiestreet.

Average daily traffic volumes may decrease on edidl streets thus reassigning
traffic volumes to appropriate street classificatisage (collector, arterial).

DISADVANTAGES

Inability to reduce travel speeds to a desiredllewethe neighborhood.

Will increase response times for emergency vehiclesarea.

Traffic diversion may cause increased volumes oherotstreets within the
neighborhood.

Increased noise level due to vehicle shifting cangd acceleration/deceleration at the
device.

Since there are some disadvantages associatedhggb devices, the City of Kansas City
needs to assure that strong neighborhood suppistsdrr their installation. Therefore, the
following procedure has been established to guedaelents through the request procedure.

a.

The requestor of Traffic Calming (Speed Humps) Ww#l given the opportunity to
receive a copy of these guidelines. To continué the process, the requestor will
need to review the guidelines and determine whetihey wished to become the
neighborhood liaison.

The neighborhood must have a liaison willing toveeas a contact person with whom
the City can work throughout the request processs person should contact Street
and Traffic, Public Works at 816-513-9846 for alipneary inspection.

In the preliminary inspection, a City representativom Street and Traffic, Public
Works will check for traffic conditions on the sttewhere the devices are desired. A
location may not be studied more than once in alvewmonth period, unless
significant changes in traffic conditions occur. vizes shall be considered for
installation only when a location meets all of th@ranting criteria.

The warranting criteria for consideration of spéedps are as follows:

1) The devices must be located on a paved, residestitesdt (alleys are not eligible);

2) The street should have vertical curb abutting theppsed device locations.
Devices may be placed on streets with roll curleradt review to determine the
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best possible location. In this case, it may beesgary to take additional
measures to prevent drivers from going around tbeicd, however streets
without curb will not be considered,;

3) The posted speed limit on the street shall be 30hmor less;

4) The 85th percentile speed on the street should last 7 m.p.h. over the posted
speed limit(a speed study may or may not need tedpgred);

5) Traffic volumes on the street must fall between &88 1,500 vehicles per day.

6) Devices shall not be located within 150 feet ofapssign or traffic signal on the
subject street;

7) The street is not designated as an arterial ormeajtector street;

8) Speed humps can be installed on a street with tiethgal grades less than 8
percent and where the sight distance is not réstric

9) Drainage on the street shall not be compromisedtdube installation of the
device;

10)The Kansas City Fire Department retains the righvetto any street segment.

If the location meets the warranting criteria aravdrable conditions exist, the
neighborhood liaison along with the Street and flsaPublic Works representative
will review possible device locations.

Adequate neighborhood support must be shown fopibject.

A survey is needed for those property owners whalavde directly and indirectly
affected by the devices. The Street and Traffichlieuworks representative will
determine affected properties in the area. At amum, the affected properties will
include all that abut the street on which the deviare being considered, and a
minimum of 300 feet on each side of any connecsingets. If a street parallel to the
subject street is encountered prior to three ptoggeor the 300 foot distance, no
additional property owners need be notified on tlkatet unless City staff
recommends additional notifications. Also, the hégrhood liaison must live in the
affected area, or be an officer with the Neighbothbomes association to be eligible
to act as the neighborhood liaison. The neighbath@son must then circulate a
survey of acceptance (petition) to the affectedperty owners. The survey must
confirm at least 75% approval from the affectedperty owners to install the
devices. Property owners who do not respond tostirgey process or mark "no
opinion" are considered opposed to the installatilh property owners within 50
feet along each side of the device must approvkeoinstallation. If there is less than
75% approval from affected residents, or if it &t possible to place the devices on
the street under consideration due to oppositiomfadjacent property owners, no
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device will be installed. The City of Kansas Cityldic Works, Street and Traffic
Division does not have funding for traffic calminighe neighborhood can either fund
the project or request funding from PIAC (Public phovement Advisory
Committee). Please call PIAC at 816-513-1322 fdormation. Please include the
completed survey upon submitting your request fanding to PIAC. If the
neighborhood funds the project, please submit thiapieted survey to City of
Kansas City Public Works Street and Traffic Divisio

Once neighborhood support is confirmed (via thegmebrhood survey for speed
hump installations) and the project is funded, Giigff will identify exact locations

for the devices based on input from the survey.ri8hprior to construction, City

staff will confirm that property owners within 5@&dt of each proposed device
continue to support the installation at that lomatiIn the event that support is
withdrawn, staff and the neighborhood liaison wiktermine whether a suitable
alternate location exists and whether to proceeth whe remaining device

installations.

5. Removal of Speed Humps or Speed Cushions

Once devices have been in place for at least oae gesurvey (petition) requesting removal
may be conducted and submitted to the Street amdfidr Public Works. All affected
properties, which were previously identified in theighborhood survey process, shall be
involved in the removal process as well. A petitgsagned by 75% of residents or owners in
the originally defined petition area and all theidents directly affected is required. Property
owners who do not respond to the survey processiak "no opinion” are considered
opposed to the removal of the devices. Once theegunas been verified, the cost of the
removal of the devices will be the responsibility the residents signing the petition.
Devices removed from a location under this processot be reconsidered for re-installation
for three years after the devices are removed.

6. Design/Construction Specifications

The City of Kansas City has adopted a speed humsjgniea 14-foot long speed hump. The
speed hump design is 3 inches at their highestt @mid varies in width, depending on the
width of the road traversing. (See Detail 1).

7. Definition of Terms
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Local Street or Residential Collector: These féiesi are defined as roadways not included
on the major street plan and where 75 percenteoptbperties with frontage on the street is
in residential zoning.

Trucks: Are vehicles having three or more axlesn@asure greater than 32 feet or weight
20,000 pounds or more.

85" Percentile Speed: Is the speed at or below wHigie&ent of the motorists are observed
to be traveling at.

Residents Directly Affected: Are residents frontittge segment of the street where the
proposed traffic calming device and supplementgdsswill be installed.

Detail 1
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SPEED HUMP SPECIFICATIONS
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B. Modern Roundabouts

A roundabout is a form of circular intersectionwitield control at entry, in which entering
traffic must yield to circulating traf ¢ that tral® counterclockwise around a central island
on the circulatory roadway. Modern roundabouts hbeen demonstrated to provide a
number of safety, operational, and other benefiteerw compared to other types of
intersections. On projects that construct new oproved intersections, the modern
roundabout should be examined as an alternative.

1. Characteristics of Modern Roundabouts

Circular intersection forms have been part of tia@gportation system in the United States
for over a century. Their widespread usage decdeadter the mid-1950s, as rotary

intersections began experiencing problems with estign and safety. However, the

advantages of the modern roundabout, including fisaddiand improved design features,

have now been recognized and put to the test ibJitited States. There are now estimated to
be well over a thousand roundabouts in the UnitadeS and tens of thousands worldwide,
with the number estimated to be increasing in th#dd States each year.

A modern roundabout has the following distinguigh@maracteristics and design features:
Channelized approaches;

Yield control on all entries;

Counterclockwise circulation of all vehicles arouhd central island; and
Appropriate geometric curvature to encourage sloavel speeds through the
intersection.

apop

2. Categories of Roundabouts

For the purposes of this guide, roundabouts haea keparated into three basic categories
according to size and number of lanes to facili@discussion of specic performance or
design issuesnini-roundabouts, single-lane roundabowadmultilane roundabouts.

a. Mini-roundabouts are small roundabouts with a fully traversabletiadnsland. They
are most commonly used in low-speed urban envirotsngith average operating speeds
of 30 mph or lessThey can be useful in such environments where cdiore
roundabout design is precluded by right-of-way ¢@usts. In retro t applications, mini-
roundabouts are relatively inexpensive because tymgally require minimal additional
pavement at the intersecting roads and minor widgmit the corner curbs. They are
mostly recommended when there is insuf cient rigftway to accommodate the design
vehicle with a traditional single-lane roundabolecause they are small, mini-
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roundabouts are perceived as pedestrian-friendlly short crossing distances and very
low vehicle speeds on approaches and exits.

b. Single lane roundaboutis characterized as having a single-lane entglldégs and
one circulatory lane. They are distinguished frommiroundabouts by their larger
inscribed circle diameters and non-traversable raknslands. Their design allows
slightly higher speeds at the entry, on the circujaroadway, and at the exit. The
geometric design typically includes raised splitislands, a non-traversable central
island, crosswalks, and a truck apron. The siz@foundabout is largely in uenced by
the choice of design vehicle and available rightwaty.

c. Multilane roundabouts have at least one entry with two or more lanesoime cases,
the roundabout may have a different number of laresne or more approaches (e.g.,
two-lane entries on the major street and one-lartiees on the minor street). They also
include roundabouts with entries on one or more@ahes that flare from one to two or
more lanes. These require wider circulatory roadmamyaccommodate more than one
vehicle traveling side by side. The speeds at tite/eon the circulatory roadway, and at
the exit are similar or may be slightly higher ththnse for the single lane roundabouts.
The geometric design will include raised splittglands, truck apron, a non-traversable
central island, and appropriate entry path defvecti

Roundabout Category Comparison

Desian Element Mini Single-Lane Multi-Lane

g Roundabout Roundabout Roundabout

Desirable ~ maximum  entry15 to 20 mph 20 to 25 mph|25 to 30 mph
design speed (25 to 30 km/h) | (30 to 40 km/h) (40 to 50 km/h)
Maximum number of entering1 1 2+

lanes per approach

Typical inscribed circle 45 to 90 ft| 90 to 180 ft| 150 to 300 ft
diameter (13to 27 m) (27 to 55 m) (46 t0 91 m)

Central island treatment Fully traversable Raised may( have| Raised (may hava

traversable traversable apron)

apron)
Typical daily service volumes ochUp to|Up to approximately Up to  approximately
4-leg roundabout below whichapproximately 25,000 veh/day 45,000
may be expected to operatd5,000 veh/day veh/day for two-lane€
without requiring a detailed roundabout

capacity analysis (veh/day)*

*Operational analysis needed to verify upper lifaitspecific applications.
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3. Size

The size of a roundabout, measured by its inscriberde diameter, is determined by a
number of design objectives, including design spgadh alignment, and design vehicles.
Selection of an initial inscribed circle diameterthe first step towards preparing a design.
The selected diameter may be somewhat subjectivejtd ultimate size is an output of
meeting other objectives (e.g., speed control,giesehicle, etc.). Smaller inscribed circle
diameters can be used for some local street oeatol street intersections where the design
vehicle may be a fire truck or single-unit truclarger inscribed circle diameters generally
provide increased flexibility for the entry designmeet design criteria (e.g., speed, adequate
visibility to the left, etc.) while accommodatingrje design vehicles.

Common Inscribed Circle Diameter Ranges

Roundabout Configuration Typical Design Vehicle | Insribed Circle Diameter Range*
Mini-Roundabout SU-30 (SU-9) 45 to 90 ft (14 to 27 m)
Single-Lane Roundabout B-40 (B-12) 90 to 150 ft (27 to 46 m)
Single-Lane Roundabout WB-50 (WB-15) 105 to 150 ft (32 to 46 m)
Single-Lane Roundabout WB-67 (WB-20) 130 to 180 ft (40 to 55 m)
Multilane Roundabout (2 lanes) WB-50 (WB-15) 15010 22011t (46 t0 67 m)
Multilane Roundabout (2 lanes) WB-67 (WB-20) 165102201t (50 to 67:m)
Multilane Roundabout (3 lanes) WB-50 (WB-15) 20010 250 ft (61 to 76 m)
WB-67 (WB-20) 220 to 300 ft (67 to 91 m)

Multilane Roundabout (3 lanes)

* Assumes 90-degree angles between entries ancbne timan four legs.

4. Pavement Markings and Signs on Modern Roundabouts
At roundabouts, pavement markings and signing shbelintegrally designed to correspond

to the geometric design and intended lane usewfdabout. Markings on the approaches to
a roundabout and on the circular roadway shoulddmepatible with each other to provide a
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consistent message to road users and should d&eilhovement through the roundabout
such that vehicles do not have to change lanesnatitle circulatory roadway in order to exit
the roundabout in a given direction.

The Federal Highway Administration has published #009 edition of theManual on
Uniform Traffic Control Devices (MUTCDwhich includes major revisions and additions

related to signage and markings at roundabouts.nkare detailed guidelines, designers
should refer to the 2009 MUTCD and the Roundabaut&

a. Example of Regulatory and Warning Signs for a Mii-Roundabout
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Motas:

1. Signs shown for ondy one leg

2. See Section 20 38 for guide
signs at roundabouts

3. 5ae Chapter 3C for markings
at roundabouts

b. Example of Regulatory and Warning Signs for a Oa-Lane Roundabout
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Mobes:

1. Sagns shown for only one leg

2. Bee Saction 20.38 for guide
signe at roundabouts

CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

_BITERNG
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e 8m Wi 1 11l o

c. Example of Regulatory and Warning Signs for a Tw-Lane Roundabout with

Consecutive Double Lefts
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1. Signs shown for only one leg

2. Ses Sechon 20.38 for guide
eigns at roundaboasts

3. Sea Chapter 3C for markings
at roundabouts

d. Example of Markings for Approach and Circulatory Roadways at a
Roundabout
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e. Lane-Use Arrow Pavement Marking Options for Roundlabout Approaches
A - Normal arrows

f.

CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

Match arrow(s)
with desired lane
use configuration

Wide dotted white extension of
circulatory roadway edge line

B - Fish-hook arrows

[}

711 Match arrow(s)
with desired lane
use configuration

Optional for
left-most lane g ;.-‘

Example of Markings for a One-Lane Roundabout
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Legend
| Bt % Optional

1] m |\
gglki:ttga i;ﬂle:lﬁlvnmntatm or 'j f - \ i p cﬂﬂjmﬂgdprgﬁgdmﬁg:

i, o R

5

sets of double yellow lines

N 115 S T

r

g. Example of Markings for a Two-Lane Roundabout wih One- and Two-Lane
Approaches(Sheet 1 of 2)
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Example of Markings for a Two-Lane Roundabout withOne- and Two-Lane
Approaches(Sheet 2 of 2)
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B — Central island extended by pavement markings

h. Example of Markings for a Two-Lane Roundabout wih One-Lane Exits
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Note: The marking configuration shown
on this figure requires U-turning
d aihi

Example of Markings for a Two-Lane Roundabout wih Two-Lane Exits
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Example of Markings for a Two-Lane Roundabout wih a Double Left Turn
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% Ot it the tum lane is an

lana, but recommendad

if the tum lane is a throwgh lane

that becomes a mandatory tumn
lane at the roundabout.

k. Example of Markings for a Two-Lane Roundabout wth a Double Right Turn
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% Oplional if the fumn lane is an
added lane, but recommended
if the turn lane is a throwgh lane

that becomes a mandatory tum
lane af fhe roundabout.

[.  Example of Markings for a Two-Lane Roundabout wth Consecutive Double Left
Turns
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m. Example of Markings for a Three-Lane Roundaboutwith Two- and Three-Lane
Approaches
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n. Example of Markings for a Three-Lane Roundabout wih Three-Lane
Approaches
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0. Example of Markings for a Three-Lane Roundaboutvith Two-Lane Exits
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p. Example of Markings for Two Linked Roundabouts
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Mobas:
1. Pedestrian facilities are not shown.
2. The marking configuration shown

on this figure requires U-turning

drivers 1o change lanes within the
circulatory roadway.

Lanes are channelized to the
outside to pravent trapping
mawement at next roundabout.

gq. Example of Markings for a Diamond Interchange wih Two Circular-Shaped Roundabout Ramp
Terminals
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Traffic markings are all lines, patterns, wordsloce or other devices, except signs set into
the surface of, applied upon, or attached to theem@nt’'s surface or curbing, or to objects
within or adjacent to the roadway, officially plactor the purpose of regulating, warning or
guiding traffic. Markings have definite functiomsa proper traffic control system. They are
applied for the purposes of regulating and guidlhmgmovement of traffic, and of promoting
safety on the highway. In some cases, they ard tsesupplement the regulations or
warnings of other traffic control devices. In atheases they can solely provide very
effective means of conveying certain regulationgrnings, and information in clearly
understandable terms, without diverting the drivattention from the roadway.

The general principles specified by MUTCD regardthg color and type of longitudinal
pavement markings are described below.

Markings shall be yellow, white, red or blue.

Yellow lines delineate the separation of traffiovils in opposing directions or mark
the left edge of the pavement of divided highwayd ane-way roads or indicate the
separation of two-way left turn lanes and reveesihes from other lanes.

White lines delineate the separation of traffiesoin the same direction or mark the
right edge of the pavement.

Red markings delineate roadways that shall nonibered or used.
Blue markings delineate parking spaces for persotisdisabilities.
A solid line prohibits or discourages crossing.

A double line indicates maximum or special resits.

A broken line indicates a permissive condition.

A dotted line provides guidance.

1. Centerlines

Yellow centerline pavement markings are used tmédate the separation of traffic lanes that
have opposite directions of travel on a roadwaynt@dine striping need not be at the
geometrical center of the pavement. It is the goti€ the division to not mark centerlines

that allow passing. Therefore, centerline markimgkansas City, Missouri are comprised of
two normal solid yellow lines where crossing thentegline markings for passing is

prohibited for traffic traveling in either directio

Centerline markings are placed on all paved urlptnials and collectors that have a traveled
width of 20 ft. or more and an ADT of 6,000 vehglger day or greater. Consideration is
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also given to placing centerline markings on urlaaterials and collectors that have a
traveled width of 20 ft. or more and an ADT of 40&ehicles per day or greater or on rural
arterials and collectors 18 ft. wide or more andh&®T of 3,000 vehicles per day or greater.

2. Edge Lines

Edge striping is intended to assist motorists iteaeining the limits of the traveled way. It
also serves as a visual reference during adversghemre and visibility conditions and
discourages driving on road shoulders that havedesctural strength then the traveled way.
The lines are white except that on the left edgeeath roadway of divided streets and
highways, and one-way roadways in the directiotrafel the yellow color is used.

Edge line markings are generally installed on pastedets that have expressway type of
characteristics, or on roadways where it is necgssaseparate the traveled way from a
parking lane or at other locations where a dematexdr problem exists that may be
correctable by the installation of edge striping.

3. Lane Lines

Lane lines separate lanes of traffic travelingha same direction. Lane lines are therefore
white in color and broken in pattern which perntéise changing with care. A normal solid
white line is used in critical areas where it iziadble to discourage lane changing. In urban
areas, the solid white line is often used to sdparaffic lanes from turn lanes.

It is the division’s policy to use lane lines whege traffic conditions of volume, safety, and
ease of operation would be improved by their ugeyTare also used on one-way streets and
on roadways where maximum efficiency in utilizingsting pavement width

is desired and on city streets where the roadwdyaastommodate more lanes of traffic than
would be the case without the use of lane lines.

4. Stop Bars

This marking is used in urban areas where it isoitgmt to indicate the point behind which
vehicles are required to stop in compliance witkt@ sign, traffic signal or other traffic
control devise. These marking are white lines, raiy24 inches wide, extending across all
approach lanes. Stop lines where used are plaaad 4lit. in advance of and parallel to the
nearest crosswalk line. In the absence of a mackeskwalk, the stop line should be placed
at the desired stopping point no more than 30rfless than 4 ft. from the nearest edge of the
intersecting roadway.
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If the stop bar is used in conjunction with a ssogn, it should ordinarily be placed in line
with the stop sign. However, if the sign cannot lbeated exactly where vehicles are
expected to stop, the stop bar is placed at thppstg point.

5. Intersectional Crosswalks

It is the division’s policy to mark crosswalks dt iatersections where there is substantial
conflict between vehicle and pedestrian moveme@imsswalk markings at signalized
intersections and across intersectional approasheshich traffic stops, serve primarily to
guide pedestrians in the proper paths.

Crosswalk lines are solid white lines, marking betlges of the crosswalk and extending
across the full width of the pavement. They areless than 6 inches in width and should not
be spaced less than 10 ft. apart. Under spec@lrostances, it may be desirable to increase
the width of the crosswalk line up to 24 inchesvidth and installed with a pattern of bars
running parallel to the traffic flow. These bars apaced 24 inches apart.

6. Midblock Crosswalks

Crosswalks are also marked at midblock locationerehthere is a concentration of
pedestrian activities. It is the division’s polity conduct an engineering study prior to
making a decision on establishing a midblock cr@kswThese crosswalks are not used
indiscriminately as they could provide a false seofsecurity often assumed by pedestrians
when utilizing a painted crosswalk. For added Viigyh the area of the crosswalk may be
marked with white diagonal lines at 45° angle. Tiyise of marking is intended for use at
locations where substantial numbers of pedestrtaoss without any other traffic control
device, at locations where physical conditionssareh that added

visibility of a crosswalk is desired or at locatiowhere a pedestrian crosswalk might not be
expected.

When evaluating a request for a marked crosswiagkfdllowing guidelines are considered.

a. Ten or more pedestrians per hour cross at theadkication for any e« five hours of a
typical weekday or 50 or more pedestrians in ong period.

The posted speed limit does not exceed 45 m.p.h.

The sight distance for pedestrians is sufficierstielolaupon prevailing speed of traffic.
Adequate illumination exists or will be providedthé proposed crosswalk site.

The proposed location will reduce pedestrian expoBuvehicles.

©cooo

D. Guide Signing
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The Street and Traffic Division of the Kansas Cidissouri Public Works Department
receives requests for guide signing on the cityestsystem. These requests are to provide a
level of signing which goes beyond the normal signscope of regulating, warning and
informing traffic. The intent of such guide sigigsto direct motorists to “Traveler's Points
of Interest”. Traveler's Points of Interest areidedl as tourist-oriented, cultural, historic or
recreation activities, major parks and commercstaledishments that may be of interest to
the traveling tourist.

The City Code of General Ordinances grants thedreof Public Works the authority to
place the maintain official traffic control devicas he may deem necessary to regulate, warn
and guide traffic under the traffic ordinances #melstate vehicle code. Further, the Code of
General Ordinances specifies that there shall bsigies permitted on street right of way,
which bear commercial advertising except for bussnsigns included as part of official
motorist service panels approved by the state haghmommission. The Manual standard for
travelways open to public use, acknowledges theag be a need for supplemental guide
signs to direct motorists from a freeway or expnessinterchange to an attraction. The
decision as to which attractions should be sigreilsl consider population, distance to the
attraction and significance of the destination.

The Missouri Highway and Transportation Commisdias adopted a policy for the signing
of specific major traffic generators. This poliagdresses both Public — non-profit traffic
generators and Private — for profit traffic generat In urbanized areas, both types of
generators require an annual attendance of 300p000greater to qualify. The primary
difference in the Highway Commission’s policy isattguide signs for Public — non-profit
generators are provided by the Highway Commissidher expense, while guide signs for

Private — for profit generators require paymentaofee by the generator. The Highway
Commission’s policy, which is directed as freewasequires that a Public — non-profit
generator be located along either the intercharrgesmad or the freeway and in near
vicinity of the interchange.

The Highway Commission’s policy was developed imjoaction with the state’s desire to
promote Missouri as tourism oriented state. THidogophy recognizes that a majority of
tourists will access the state and it's attractiores the freeway or expressway highway
systems.

The American Association of State Highway and Tpantation officials have published

“Guidelines for the selection of Supplemental Gusigns for Traffic Generators Adjacent to
Freeways.” This publication has identified a ndrrelusive listing of traffic generators
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that do not normally warrant signing from the fregvgystem. A copy of this list is attached
to this paper.

It is the opinion of the Kansas City, Missouri HabWorks Department that there are
specific major traffic generators in our city thvedrrant signing. This warrant is based on a
need to safely and efficiently orient visitors bhes$e attractions. Further, it is our opinion that
these generators attract two types of visitorse fiifst type is residents of the Kansas City
urbanized area who have either visited the attactefore or have obtained specific
directions to the attraction. These visitors widlit require specific major traffic generator
signing and to do so for them would reduce theisgto simply advertising on public right
of way. The second type of visitors are those WiWoutside the Kansas city urbanized area
and will either be entering the area by way of fileeway/expressway system or will have
obtained, prior to their trip, specific directiottsthe generator. These visitors will warrant
guide signing on the freeway/expressway to identigir proper point of exit and signing on
the city street system to further guide the visitiorthe attraction.

The Public Works Department of Kansas City, Missauill allow signing on the city street
system which recognizes specific major traffic gatms authorized by the Missouri
Highway and Transportation Commission for signingtbhe freeway/expressway system.
The city signing commonly referred to as “trail@azsigning, will be placed as determined
by the department to guide motorists from the fl@gaxpressway to the attraction.

For Public — non-profit generators, the signs Wwél provided and maintained by the Public
Works Department at city expense.

For Private — for profit generators, the signs Wwélprovided and maintained by the generator
at their expense consistent with a letter of autlation by the Director of Public Works.
This letter will Identify Liability Insurance requments imposed on the generator.
Placement or authority for placement, of the sigils be reviewed by the Public Works
Department upon receipt of a written request fraengpecific major traffic generator.

Traffic Generators That Do Not Normally Warrant Signing

BUSINESS HISTORICAL
TV/Radio Stations Homes and Buildings
Theaters Privately Owned Facilities

Motels/Hotels/Inns
Trailer Parks
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Industrial Parks & Plants
Shopping Centers

CEMETERIES

Local or State
Private/Public
Military

COMMUNITIES

Civil Centers Military
Libraries

Churches
Subdivisions

GOVERNMENTAL

Research/Experimental
County and City Policy
Facilities

Courthouses

Driver’s License Centers
Highway Buildings
Jail/Prisons

Civil Defense Facilities
Maintenance Facilities
Power Plants

SCHOOLS

Grade/High
Vocational/Trade
Seminaries
Private

MEDICAL

Mental Facilities

Research Facilities
Sanitariums
Infirmaries or Treatment
Centers

Veterans Facilities

County,Fraternal,orNursing
Homes

Retirement Faclilities
Humane Facilities
Emergency Medical Services

MILITARY

Sites or Detachments
Armories
Aréena

RECREATIONAL/CONSERVATIONAL

Country Clubs and Golf Cesrs
Fish Hatcheries, Garagris
Preserves and Refuges
Tree Nurseries/Arboretums
Points of Interest
Camps: Scout. Church. 4-H
Youth and YMCA/YWCA
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E. Guardrail Use

Guardrail use is based on subjective evaluatioretative hazard of the guardrail versus the
hazard of the unprotected obstacle. A guardraitself is a hazard; therefore the guardrail
should only be used if the obstacle is judged tonloee hazardous to the motorist than the
guardrail.

Although no two conditions are the same, thesedlmes are established to furnish some
objective criteria which will assist in determinimgder what circumstances guardrails will
be installed in connection with any future constiurcwork.

Roadway situations that may warrant installatiomaédrdrails can be placed basically in the
following categories:

1. Embankment

Heights and slope of and embankment are the basiorE in determining whether a
guardrail will be used. Generally guardrail wik Iinstalled with fill heights of 10 feet or
more for 2:1 slopes and 15 feet or more for 3:pedoextending 100 feet or more in length.
Where the fill height is less but there are obstman the slope, guardrails should also be
considered. (see attached drawing)

2. Roadside Obstacles

The removal of roadside obstacles should be tis¢ &lternative considered. If it is not
feasible to remove or eliminate a roadside obstalcen a guardrail may be warranted. The
nature of the obstacle and its distance from thgeenf the pavement (clear zone) are the
basic factors in determining if the guardrail isrkaated. A clear zone is defined as that area
adjacent to the roadway starting at the edge otmant, available for safe use by errant
vehicles. Obstacles such as boulders, bodies térwaore than 2-feet in depth, bridge
supports, bridge ends, piers, abutments, retaimialjs and culverts generally should be
removed, relocated or shielded by a guardrail efythre within the desire clear zone widths
(except obstacles such as power poles, light psigsal poles, sign posts, fire hydrants,
trees).

3. Dead End Street

Guardrail generally should be placed at the erehch dead end street.
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DESIRED CLEAR TOHE "A® l'

=1

EUT SECTION

I. CLEAR ZONE 15 DEFINED AS THE ROADSIDE BORDER AREA,
ND S[OPE STARTING AT THE EDGE OF THE TRAVELED WAY, AVAILABELE FOR
SAFE USE BY ERRANT VEHK'LES

L IF IT IS NOT FEASIBLE OR POSSIELE TO REMOVE A HAZARD FROM
THE CLEAR ZONE THEN A GUARDRAIL MAY BE WARRANTED.

3. THE CLEAR FONE WIDTHS NEED NOT HE INCREASED FOR
HORIZONTAL CURVATLRE

4 USE OF GUARDRAIL 15 NOT WARRANTED FOR OBSTACLES SUCH AS
POWER POLES, LIGHT MOLES, SIGNAL POLES, SIGN POSTE,
FIRE HYDRANTS AND TREES.

EMBANK MENTS

LMBANKMENT SEcTION

55



CITY OF FOUNTAING
HEART OF THE NATION

|l
KANBAS CITY
M ISE8EOUWRI

CAPITAL PROJECTS DIVISION

Public Works Department
City of Kansas City, Missouri

4. Design

B PP L R y
TN 705 R AL 2 ded

AT TR S SR T

e Cank A s AL R D SIS Y STRSE S ANRT

P G S AP SRRy R ST s By i)
Fely ANEPTRLLCYLE S el

g Al RPN
. i

.
EE-E AL S
e AT ey R a1 O AT T
F AT T T Sopma

56



CITY OF FOUNTAING

MRS CoR kPO CAPITAL PROJECTS DIVISION

m Public Works Department
VI Y City of Kansas City, Missouri
i|||i

KANBAS CITY
M ISE8EOUWRI

F. Other Permits
1. Loading Zones

The director is hereby authorized to determineldication of loading zones, and shall place
and maintain appropriate signs indicating the zomed stating the hours for which the
loading zones is applicable. A person desiringading zone must complete the loading
zone application available from the Street and ficraDivision of the Public Works
Department of Kansas City, Mo. located at5310 MipaicAvenue, Kansas cit

City, Missouri 641200r on line (www.kcmo.org). Tla@plication shall be submitted and
will be returned to the applicant to notify if tlaplication is approved or denied. The
director, upon granting a permit, shall collectnirdhe applicant and deposit in the City
Treasury an annual service fee. The annual sefe&eharged depends on the length of the
zone, the hours of the day during which the spa@vailable and the location of the loading
zone. The details pertaining to the fees requamedspecified in the application. If a loading
zone is established it may be used by anyone dgdioi load or unload merchandise. The
space is not to be used as a parking place foatgrior company vehicles. Loading zones are
subject to any parking prohibitions that may beesffect in the same block and the loading
operations are limited to 30 minutes per vehicle.

Sec. 70-562  Permits for loading zones

a. The director shall not designate or sign any logdione upon special request of any
person unless such person makes application ferraipfor such zone and for signs

to indicate the ends of each such zone. The atit shall be accompanied by a

deposit of ten dollar$$10.00) which shall apply to the annual fee if such logdin

zone is approved and which shall be returned toagi@icant if the request for the
loading zone is denied. The director, upon gragntinpermit, shall collect from the
applicant and deposit in the city treasury an ahsevice fee of:

1) In an area bounded on the south by Truman Roatheonorth by 6th Street, on
the west by Washington Avenue, and on the eastdrjiddn Street.

2) Three dollars ($3.00) for each foot of such loadmmmne when such space is
available during any of the nighttime hours betw8&® p.m. and 7:00 a.m.

3) Twelve dollars ($12.00) for each foot of such lomdzone when such space is
available during any of the daytime hours betwe®® a.m. and 6:00 p.m. or 24
hours per day.

b. In all other areas.

1) Three dollars ($3.00) for each foot of such loadiaume when such space is

available during any of the nighttime hours betw8&® p.m. and 7:00 a.m.
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2) Seven dollars ($7.00) for each foot of such loadmoge when such space is
available during any of the daytime hours betwégf®a.m. and 6:00p.m. or 24
hours per day.

c. Every such permit shall expire at the end of orer.ye
Sec. 70-563  Permits for loading or unloadingagle to the curb

a. The director is authorized to issue special permoitgermit the backing of a vehicle
to the curb for the purpose of loading or unloadimgrchandise or materials subject
to the terms and conditions of such permit. Sustmits may be issued either to the
owner or lessee of real property or to the ownehefvehicle upon the payment into
the city treasury a fee of:

1) Seven dollars ($7.00) per linear foot for a pernmaia@gle loading permit.

2) Six dollars ($6.00) per day or fraction thereof fortemporary angle loading
permit.

3) Twelve dollars ($12.00) per linear foot for a penmiat angle loading permit in an
area bounded on the south by Truman Road, on thib by 6th Street, on the
west by Washington Avenue, and on the east by starrbtreet.

b. It shall be unlawful for the permittee or any otlperson to violate any of the special
terms or conditions of any such permit.

Sec. 70-564  Standing in passenger loading zone

a. No person shall stop, stand or park a vehicle fyr @urpose or period of time other
than for the expeditious loading or unloading o$gEngers in any place marked as a
passenger loading zone during hours when the reggaapplicable to such loading
zone are effective, and then only for a periodtoaxceed three minutes.

Sec. 70-565  Standing in loading zone

a. No person shall stop, stand or park a vehicle fyr @urpose or length of time other
than for the expeditious unloading and deliverypmkup and loading of property in
any place marked as a loading zone during hours uie provisions applicable to
such zones are in effect. In no case shall thp &b loading and unloading of
property exceed 30 minutes.

b. The driver of a vehicle may stop temporarily abading zone for the purpose of and
while actually engaged in loading or unloading pag®rs when such stopping does
not interfere with any vehicle which is waitingéater or about to enter such zone to
load or unload property.
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2. Residential Permit Parking Program

Section 70-537 of the Kansas City’s traffic codé¢hatizes the establishments of a permit
system whereby vehicles bearing a valid resideptaking permit are allowed to park their
vehicles in excess of the posted parking restrictio order to establish a residential permit
program, the neighborhood association or a perspnesenting the area should send a
petition to the Street and Traffic Division signied 50% of the residents of the designated
area requesting that a residential permit prograradtablished and convey the willingness to
pay for the cost of the program. The designated ahall be at least eight “blocks faces” or
80 curb parking spaces (20 linear feet of curb dach phase). Smaller areas will be
considered if the area is completely surroundeccdaymercial, industrial or institutional
uses. Area in front of commercial property is notoe included in the residential parking
zone. In order for a street or area to be eligiblethe program the following additional
conditions must be met.

a. At least one side or 50% of each street and bloaktrhe zoned residential and not
contain any parking meter.

b. There must be reasonable and generally acceptiiiteadive areas for the displaced
commuter vehicles.

Upon receipt of a valid petition, the city staffmdonduct a block-by-block parking survey
of the proposed residential permit parking areavbeh the hours of 7:00 a.m. and 6:00 p.m.
No residential district or portion of it may be dpgted as a residential permit parking area
unless the survey reveals at least 66% of the masabers of curbside parking spaces in the
proposed area were actually occupied by vehiclangluperiods of maximum parking
accumulation.

A public hearing will be conducted prior to makiagfinal decision on whether or not a
particular street or area should be designatedefidential permit parking or removed from
the program. A hearing may be waived if 100% of tbsidents along a particular street or
area have requested this designation.

Following Council approval of the designation ofegidential permit parking area or street,
the Director or other issuing authority will isstine appropriate permits on a first-come first-
serve basis. An annual permit shall be issued eoothner or operator of a motor vehicle
residing within a residential permit parking areacsvning residential property within a

residential permit parking area upon applicatiod @ayment of the applicable fee to the
Director or other issuing authority.
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An annual permit shall not be issued until the mapit requesting such permit has paid
$10.00 for each permit. A temporary permit, vabd & 24-hour period, may be procured in a
packet of 7 temporary permits for $2.00. An addiéibtemporary permit, valid for the same
time period, may be procured at no additional chafggemporary permits may not be issued
for more than two different periods per month pselling unit.
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PART IV - FORMS
Parking Petition (Install)

To insure that the proposed action has the conuceref the abutting property or business owneeaga
obtain the name, address, signature, and phone eruafbeach property of the street affected by the
proposed action. A 75% approval rate is requi@uak signature per household

Upon completion, return to: City of Kansas City,bRt Works Department, Capital Projects Division,
5310 Municipal Avenue, Kansas City, MO 64120ake as many copies of this form as necessary, but
return them all together.

We, the undersigned, are property or business aafdahis block and we request the following pagkin
restriction:

Beinstalled on the following Street:
Along Side(s) of Street:
From: To:

Name (print) Address Signature Telephone
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Parking Petition (Removal)

To insure that the proposed action has the conuceref the abutting property or business owneega
obtain the name, address, signature, and phone eruafieach property of the street affected by the
proposed action. A 75% approval rate is requi@k signature per household.

Upon completion, return to: City of Kansas City, bRt Works Department, Capital Projects Division,
5310 Municipal Avenue, Kansas City, MO 64120ake as many copies of this form as necessary, but
return them all together.

We, the undersigned, are property or business awfdahis block and we request the following pagkin
restriction:

Be removedon the following Street:
Along Side(s) of Street:
From: To:

Name (print) Address Signature Telephone
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LOADING ZONE APPLICATION

Application for Loading Zone is hereby made in ademce with the Revised Ordinances of the
City of Kansas City, Missouri.

1. Address of Zone Requested 2. Length 3. Number of Delivededay
4. Name of Company 5. Address Zip
6. Type of Business 7. Telephone Number

8. Title or Position of Applicant

9. Hours Zone is Needed

7 AMto 6 PM 6 PMto 7 AM [ Other
10. Reason Zone is Needeadtach additional sheets, if necessary

READ CAREFULLY

It is understood: (1) that if a Loading Zone isabfished, it may be used by anyone desiring to doad
unload merchandise; (2) it may not be used askingaolace for private or company vehicles; (3)
loading zones are subject to any parking prohisitihat may be in effect in the same block; and (4
loading operations are limited to thirty (30) mawsiper vehicles.

It is further understood that failure to comphtvithe above Regulations wil be considered caus
removal of the zone without notice.

N—r

I am familiar with the Ordinance governing Loadfanes.

Signature of Applicant Date
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PASSENGER LOADING ZONE APPLICATION

Application for Passenger Loading Zone is herebgeria accordance with the Revised
Ordinances of the City of Kansas City, Missouri.

1. Address of Zone Requested 2. Length 3. Number of Delivpeeday
4. Name of Company 5. Address Zip
6. Type of Business 7. Telephone Number

8. Title or Position of Applicant

9. Hours Zone is Needed

[CJ7 AMto 6 PM [ 6 PMto7 AM [ Other

10. Reason Zone is Neededtéch additional sheets, if necessary

READ CAREFULLY

It is understood: (1) that if a Passenger Loadawggeds established, it may be used by anyoneragg
to load or unload merchandise; (2) it may not lesluss a parking place for private or company
vehicles; (3) loading zones are subject to anyipgpcohibitions that may be in effect in the same
block; and (4) loading operations are limited to (tE0) minutes per vehicles.

It is further understood that failure to comphtvithe above Regulations wil be considered caus
removal of the zone without notice.

I am familiar with the Ordinance governing Passehgading Zones.

Signature of Applicant Date
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ACCESSIBLE PARKING APPLICATION

Application for reserved parking space on a publieet is hereby made in accordance with Reviselin@nces of the City of
Kansas City, Missouri. Complete application artdmeit to the above address.

APPLICANT INFORMATION-

Name: Daytime Telephone: Fax:
Address: Zip:
Missouri Disabled License or Placard No: Expiration Date:

LOCATION OF REQUESTED PARKING SPACE-

Street:

Address:

Side of Street: North _ South _ East _ West Number of Spaces:

Will parking space he used primarily for applicantersonal vehicle? Yes _ No _
Will parking space be used by applicant’s visitorglients? Yes _  No _

Reason parking space is necessary (Explain):

If reserved parking space is being requested in aommercial or retail area for use by patrons of a bainess, please
complete the following:

Name of Business:

Type of Business:

Hours of Operation:

Average duration of parking:

No. of off-street parking spaces now provided fesdbled Employees:

No. of off-street parking spaces now provided fesdbled Patrons:

READ CAREFULLY

It is understood that if a reserved accessibleipgripace is established:

1. It may be used by all and only vehicles displaytimg proper license or placard:

2. It remains subject to any parking prohibitions thmaty be in effect in the same block;

3. It may not be used for loading, parking by deliveehicles, ambulances and/or paratransport;

4. The time limit for parking is four (4) hours whemg\other parking in the same block is also timetéoh

CERTIFICATION- | understand the terms of the Ordinance governasgmved parking space for the disabled and thatrdai
to comply with these terms will be considered cdoseemoval of the spaces without notice.

Signature of Applicant: Date:
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KANSAS CITY, MO. DISABLED PARKING ORDINANCE

Sec. 70-534.- Designation of parking spaces forysically disabled persons.

The director is hereby authorized to designateeatablish parking spaces for the exclusive usebicles
which display a distinguishing license plate orcplal issued to physically disabled or handicappadgns, and
shall place and maintain appropriate signs indicgtine reservation.

Sec. 70-534.- Use of parking spaces for physicatlisabled persons.

1. Whenever authorized signs are erected designatingr@a for parking for physically disabled persoms,
person shall stop a vehicle within that marked arekess that vehicle bears and properly displayslal
distinguishing plate or card issued pursuant to RSd1.071 or 301.142, as amended, or, if the owhéne
vehicle is a nonresident of the state, a valid dabjistered equivalent license plate of card isduethe state,
country or other place of which the owner is adest.

2. Any owner or operator of a vehicle parked in vimatof this section shall be punished by a fin@aifless than
$75.00 and not more than $200.00.

3. It shall be a full and complete defense that arupant of the vehicle otherwise illegally parked Ifigal at the
time of parking for a distinguishing license platecard as described subsection (a) of this section

Sec. 70-536.- Parking privileges of physically diséed persons on streets where parking time limited.

The owner or operator of any vehicle bearing amgberly displaying a valid distinguishing licendatp or
placard issued pursuant to RSMO 301.071 or 301.ad23mended, or a valid duly registered equivdleahse
plate or pacard issued by the state, country ogrophace of which the owner is a resident if thenewof that
vehicle is a nonresident of the state, shall béledtto park that vehicle for a period of time riotexceed four
hours on streets or portions thereof where parking is limited: and if that space is controlled dparking meter
the owner or operator shall not be required to ditgbe necessary amoung of money in the meteishdtl be
unlawful for the owner or operator of the vehiabepiark on streets or portions thereof where, omduthe hours,
parking is prohibited.

HOW TO OBTAIN MISSOURI STATE DISABLED LICENSE PLATE OF WINDSHIELD PLACARD

Missouri Law and Kansas City, Missouri Ordinanceguiees an official “disabled” license plate or watield

placard for a vehicle to legally park in a spacsigigated and reserved for “ disabled” persons orae property,

public parking lots, or on city street.

To obtain a Missouri State “disabled” license platevindshield placard:

1. Use Form #DOR-1776, Physician’s Statement For DéshiPerson’s License Plate/Placard, from the State
Department of Revenue, (314) 751-4509, or obtd@ttar signed by your doctor stating your namealbiigy,
and whether it is permanent, and the reason yod aeeserved parking permit.

2. Take the signed Form #DOR-1776 or letter to theestastate or fee office that issues plates andaaskither
plates of a windshield placard. Proof of ownershighicle inspection and tax receipt are requiealtain
license plates.

Do not write in this section- For Public Works Dept Capital Projects Division use only
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Residential Parking Permit Application

To insure that the proposed action has the conuegr®f the abutting property owners or residents,
please obtain the name, address, signature, ante phaonber of each property of the street affected b
the proposed action. This petition requires moantB0% approval of all abutting/adjoining property
owners or residen{®f ) (or in the area boundeah f .One
signature per householdllake as many copies of this form as necessaryewtn them all together.

Also, willing to pay the residential parking perraitnual fee of $10.00 and temporary fee of $2.00.

We request to install No Parking Monday-Friday BEptcevith Residential Parking Permit on the
following Street Name:
Along Side(s) of Street:
From: To:

Name (Print) Address Signature Telephone N

4
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One-way Petition

We, the undersigned, are residents of this blockvem agree to change from two-way direction
of traffic on to oag-w direction of
traffic between and

Upon completion, please return to: City of Kansasy,(Public Works Department, Capital
Projects Division, Traffic Operations Center, 53%Qnicipal Avenue, Kansas City, Missouri
64120.Make as many copies of this form as necessaryebutn them all together.

A 100% approval rate is requiredne signature per household

Name (print) Address Signature Telephone
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Neighborhood Acceptance Form (Petition)
Petition for Installation of a Traffic Calming Device to eliminate
Cut-through traffic

Instructions

Please obtain the name, address, signature, ame plumber of residents favoring the proposed
action. Obtain only one signature per householdorUpompletion, return the neighborhood

acceptance form to: City of Kansas City, Public WéoDepartment, Capital Projects Division,

Traffic Operations Center, 5310 Municipal Avenuanisas City, MO 64120. Make as many
copies of this form as necessary but return thémogéther.

The City of Kansas City requires that one hundrectgnt (100%) of the residents or owners
within the petition area must support the propdsaluding vacant property(s)) in the proposed
blocks(s). The petition area should include resiésrnon the proposed study street section and
residents on all other streets that are requiredst the facility on which the traffic calming
device is to be installed; such as, an intersediregt with a cul-de-sac.

Furthermore, residents on other streets that dohawé a reasonable alternate travel path (as
determined by the Director of Public Works) to dlextior or arterial roadway may be included
in the petition area. Please contact the CapitajeBts Division at 816-513-9846 for help in
identifying the petition area.

The attached is a sample acceptance (petition) featnrmay be used for this purpose
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Neighborhood Acceptance Form (Petition)

Petition for Installation of a Traffic Calming Device to eliminate Cut-through

Traffic
We, the undersigned, request the installation to@féic calming device to eliminate cut-through
traffic along from to
Name (print) Address Signature Telephone
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Neighborhood Acceptance Form (Petition)
Petition for Installation of Traffic Calming Devices (Speed Humps)
to reduce speeds

Instructions

Please obtain the name, address, signature, ame pluonber of residents favoring the proposed
action. Obtain only one signature per householdoriJpompletion, return the neighborhood

acceptance form to: City of Kansas City, Public WéoDepartment, Capital Projects Division,

Traffic Operations Center, 5310 Municipal Avenueanisas City, MO 64120. Make as many
copies of this form as necessary but return thémnogéther.

The City of Kansas City requires that seventy fpgrcent (75%) of the residents or owners
within the petition area must support the prop@seluding vacant property(s)) in the proposed
blocks(s). The petition area should include ressésron the proposed study street section and
residents on all other streets that are requiredst the facility on which the traffic calming
device is to be installed; such as, an intersediregt with a cul-de-sac.

Furthermore, residents on other streets that dohaeé a reasonable alternate travel path (as
determined by the Director of Public Works) to dlesdor or arterial roadway may be included
in the petition area. Please contact the CapitajeBts Division at 816-513-9846 for help in
identifying the petition area.

The attached is a sample acceptance (petition) floathmay be used for this purpose.
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Neighborhood Acceptance Form (Petition)

Petition for Installation of a Traffic Calming Devices (Speed Humps) to
reduce vehicular speeds

We, the undersigned, request the installation ofe8pHumps to reduce vehicular speeds
along from to

Name (print) Address Signature Telephone
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PART V - EXAMPLES OF PAVEMENT MARKING APPLICATIONS
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Example of Right Lane Drop Pavement Marking Applicdion
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Examples of Line Extensions through Intersections
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Example of Two-Way Left Turn Lane Line Markings Application
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Examples of Midblock Stop and Yield Line Markings Application.

OWE WAY ROADWAY

FATTERM FOR YIELD LIMNE LAYDUT

r ]
l—a0'—]

rle
| 2

ol 3
1_ Tm.

TWO WaY EOADWAY

3TOP BARS ARE

|
L

USED OMLY WHEM THERE

[5 & PEDESTRIAN SIGMAL [N USE

KAWEAS CITY, MISSDURI
PLUELIC WORKS DEFARTMENT
STREETE ol TRAFFIC DIVISION

EXAMPLE OF MIDBLOCK STOP ANWD
YIELD LINE PAVEMENT MARKINGS
FLACEMENT AMD DISTANCES

SPPROVED

Lalh

DEE[GHEDn

[R&WHN M| 12e1

CHECKEDN

76



CITY OF FOUNTAING

LEXCES reH i CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

KANBAS CITY

MISEOURI
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Example of 45° and 60° Angle Parking Pavement Markig Layout
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SECTION B. TRANSPORTATION PLANNING

PART | - INTRODUCTION

The Manual provides a detailed documentation ofraffic engineering studies, programs and
their uses carried out by the planning sectiorf stafa routine basis. The studies and programs
include incorporation of intersectional and midldomrashes into a computerized data base,
machine count program, manual count program anedsptedies. A brief explanation of traffic
studies occasionally conducted by the planningi@ecstaff is also provided; these studies
include travel times and delay, vehicular headwaysp sign delay and parking. The above
programs and miscellaneous studies are conductepgeaformed by a group of three technicians
and 8 contract employees. This staff is supervigea transportation engineer.

At this time, information on data collection efferconducted by planning section is not
documented in any single source. Therefore, itiffscdlt for management, city council and
citizens to understand the data collection actésitthe need for the data and the staff required to
conduct these programs.

The purposes of the manual are described below:
1. Recognize the various elements involved in develppind executing an effective traffic
data collection program
2. Offer safety tips to personnel collecting fieldanhation
3. Describe equipment used to collect data and soétwergrams executed to analyze data
4. Document data collection efforts into a single seur

The scope of the manual includes describing altgdares used from the instant a request is
made to obtain traffic counts (machine/ manualjarduct speed studies to delivering the results
and maintaining records. For the crash data bds&tegds from obtaining the collision report
from the police department and inputting pertineidrmation from each report into the data
base are described. The procedures also incluge &ken to provide the necessary summary
report to the requesting party and completion ahprehensive intersectional, midblock and
pedestrian crash reports on an annual basis. ¥irebmples of completed machine/ manual
counts, speed studies and collision diagrams aceiatluded.

A well-conceived, comprehensive data collectiongpaon could save time and costs in fulfilling
this function. Thus, the public would be insuredagtimum return on tax dollars spent for the
data collection program. Additional benefits of firecedural manual are described below.
1. New staff members can get acquainted with the taskisget an overall understanding of
the program and what is to be expected of them
2. Information on the program can be easily providedcitizens, neighborhoods and
politicians
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3. Standard procedures would help current staff mesimeobtain good results and provide
requesting party with accurate data
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PART Il - INTERSECTION AND MIDBLOCK CRASHES

Crashes represent an overt sign that the driveicheroadway system has broken down. A large
number of crashes occurring at an intersection idblock section may indicate deficiencies in
design, operations or traffic control. Again, traficrashes represent spoiled products of a
highway transportation system. They are signs dfunetion of that system. Crashes, not only
cause delays, but they often abort trips and alvaalgscosts, sometimes immense costs in terms
of injuries and deaths.

A. Uses of Crash Data

Crash data has numerous uses. Some of these as#ssaribed below.

1. Identifying high crash locations

2. Developing Solutions

3. Preparing annual intersectional and midblock cragplorts

4. Conducting "before' and 'after' crash studies terdene effectiveness of the proposed
remedial actions.

5. Developing short and long range capital improvemprmigrams and establishing
priorities

6. Determining crash predicting equations

7. ldentifying locations for enforcement efforts orr fmstalling cameras for red light
violations

8. Aiding in preparing design and maintenance stargdard

In determining the actual cause of particular @tsstof crashes at an intersection or a
midblock section and in developing solutions aismh diagram is often used. An example

of a collision diagram is included in Appendix A.d8llision diagram is a schematic, not to

scale, graphical representation of crash pattera particular location. Collision diagrams

can quickly show the analyst where concentratidnerashes are located and the types of
crashes that predominate. A summary table attashedss other information such as date
and time of crashes, weather conditions, lightprgperty damage, injury or fatal crash, etc.
Each crash is usually plotted separately. An arrothe direction of travel represents each
vehicle involved in a crash.

B. Factors Affecting Crash Rates

Crash rates are influenced by usage, traffic contomdway geometrics, traffic operations
and driver characteristics.

Detail features of the above-mentioned factoraugricing crash rates are as follows:
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Usage Magnitude and proportion of cross and magestraffic volumes

Traffic control Type of control (stop signs, yigdns, signals, etc)

Type of Signal (pretimed, traffic actuated, etc)

Type of mounting for signal heads (post mountedstmeounted, etc)

Size of signal lenses ( 8" lens or 12" lens)

Signal phasing (protected left turn movements, etc)

Signal timing ( all red interval, provision for pestrians, etc)

Traffic operations ( one or two-way traffic flowargking prohibited or allowed, visibility

turn restrictions, etc)

9. Geometries (type of intersection T, Y or four-waymber and width of lanes, grades,
etc)

10. Driver characteristics (condition, age, sex, phaisiandicap, vision, perception-reaction

time, etc.)

N~ WNE

It can thus be seen that a large number of fadgtdhgences the occurrence of crashes.
However, usage is considered to be the most immioféator, as the probability of conflict

increases with the increase in traffic volumes. sraates take into consideration the
exposure index. Several types of crash rates haea lised by the traffic engineering
profession. However, the most commonly used ratsl der intersections is the rate per
million entering vehicles. This is the rate usedkansas City and is expressed as

A x 1,000,000
Vv

Where A = Number of crashes per year
V = Average daily traffic X 365

For mid-block sections Kansas City uses the folfgyvormula

RSEC = A x 1,000,000
365X TxVXL

Where RSEC = Crash rate for section
A = Number of reported crashes
T = Time frame of the analysis in years
V = Typical weekday 24 traffic volumes
L = Length of section in miles
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C. Developing and Maintaining a Computerized CrastDatabase

On an annual basis approximately 16,000 crash t®poe incorporated into the database.
The following steps are taken in developing andntaéning the database.

Obtaining the crash data

Reviewing of reports for damage to public propentgrashes involving a fatality

Sorting of crash reports by right of way

Scanning reports using the KOFAX software

Entering crash data into an automated databasg K€MrAX software

agrwnPE

Details of each of these steps are described ifotlmsving paragraphs.

D. Obtaining Crash Data

Crash data is obtained from hard copies of thasootl report prepared by the investigating
officer. Crash reports are picked up by our staffacdaily basis from the Police Department.
Approximately 21,000 collisions, including crashesvioDOT right of way, are reported in
Kansas City on an annual basis. The analyst musiadetails of the collisions for each of
the reported crashes. A copy of the Missouri Unifokccident Report form used by the
investigating office is included in the Appendix B.

E. Reviewing of Reports for Damage to Public Propé¢y or Crashes Involving Fatality

01
02
03
04
05
06
07

Each crash report is reviewed for damage to puytsbperty or involving a fatality. Copies of
these reports are made and sent to the variousiageor staff members as shown in the
table below.

City Property Total

Damage/Collision Code Mail 1 Mail 2 Mail 3 Mail4 Mail5 Mail6 Coies
Involving Fatality P
City Traffic
Fatality FA Legal Dept Engr PW Dept 3
KCATA Bus KB Legal Dept 1
Manholes MH  Legal Dept 1
City Construction Barrels ~ CB | egal Dept 1
All City Property CcP Legal Dept 1
Traffic Signal TS Legal Dept TOps 2
KCPL Light Poles LP  Legal Dept T Ops 2
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08 Street Signs SS Legal Dept T Ops 2
09 Traffic Control Signs CS Legal Dept T Ops 2
Dist

10 Guard Rails GR  Legal Dept 1,2,3 2
11 Fire Hydrants FH  Legal Dept Water Dept 2
12 Water Dept Vehicles WV egal Dept Water Dept 2
13 PW Dept Vehicles PW  Legal Dept PW Dept 2

F. Sorting of Crash Reports by Right Of Way

Each crash report is studied to correctly deterntsiecation. The analyst is required to find out
whether the collision occurred on streets mainthimgthe city or at an intersection where one
of the streets is maintained by the city and therdby the state. Crashes occurring on city right o
way or at an intersection involving both city andts right of way are incorporated into the
data base. Crashes occurring on roadways undgurikdiction of MoDOT OR on private
property are discarded.

. Separating Intersectional and Midblock Crashes

Prior to scanning the reports intersectional andbiock crashes are separated. Collisions
occurring within 50 feet of the approach shouldused as thumb rule to differentiate
between intersection related and midblock crasHethe collision occurred beyond 50
feet of an intersection approach but where the anncontributing factor towards the
crash can be identified as the physical featunedfi¢ control or traffic volumes and
gueues at the intersection then the collision shd classified as an intersectional crash.
Finally, even if the crash report indicates that tiollision occurred within 50 feet of the
intersection but is related to driveway or on-dtgggeking or after the vehicle has crossed the
intersection it should be classified as a midbloash.

H. Scanning Reports Using the KOFAX Software

The KOFAX software is used to scan all crash reptotbe incorporated into the data
base. The KOFAX software is used to capture datastMf the fields on the form is
extracted and the resulting record including thagmof the crash report is then stored in the
Microsoft Office Access database.

|. Entering Crash Data into an Automated Database
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Predominant data from the Police Department repod the codes used in the Missouri
Uniform Accident Report are entered into the dasabd he guidelines to create a record in
the crash database and identify the data entryach dield are described in Appendix C.
Also, guidelines for identifying the types of crashare included in Appendix D.

J. Responding to Inquiries from Staff, City Counciland Citizens

The analyst is required to query the database twige the requesting party with
summary tables and collision diagrams if requiredd specific period at an intersection/
midblock section or a combination of both. Any infoation provided to citizens or
lawyers would require clearance from the City Eeginand/or the law department. The
summary table would include information containedhe section on entering crash data into
an automated database.

K. Preparing Annual Reports for Intersectional, Midblock and Pedestrian Crashes

These reports describe characteristics of collsiand pedestrians crashes in Kansas
City, Missouri, and provide the reader with intdreg statistics based on reported
collisions during a three to five year period. Imf@tion on high crash locations is also
included. The purpose of these reports are to pi®the staff of Street and Traffic
Division with data that can be used to preparefitrafngineering studies, answer citizen
concerns, program capital improvements and impldénteaffic control changes to
improve safety. It is the responsibility of the Bisa to query the database and provide
necessary information to the engineers so thatettmmsnprehensive reports can be
prepared on an annual basis.

PART IlIl - MACHINE COUNT PROGRAM
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A. Background Information

The City of Kansas City, Missouri uses portableetgbunters to collect traffic volume data
by direction or in both directions for each houraofypical weekday or longer periods based
on the needs of a particular project. Peak hotficraolumes and the time of occurrence are
also identified. Traffic volume is defined as thember of vehicles passing a point on a
highway or lane during a specified period. It is thost basic of all traffic parameters and the
most often used in planning, design, control, op@maand management analysis. The
TRAX-II traffic counter classifier is normally usddr this purpose. For details of equipment
the reader is asked to refer to users guide pudadisgly Jamar Technologies. This guide is
maintained on file by the planning section staiini&r information can be obtained for each
lane of a roadway using the HI-STAR portable magnahates. For details of the equipment
the reader is asked to refer to users guide puddisly Hoosier Company. This guide is also
maintained on file by the planning section stafbtBtypes of equipment described above
can also be used to classify vehicles. The gemgf&lVA classification scheme is described
below.

Motorcycles

Cars, +/- trailers

Pickups, vans, motor homes

Buses

2 axle, 6-tire single unit

3 axle, single unit

4 axle, single unit

4 or less axle, double, 1 unit truck

5 or less axle, double, 1 unit truck

10 6 or more axle, double, 1 unit truck 11.5 or leds anulti-unit

11.6 axle, multi-unit

12.7 or more axle, multi-unit

©CoNorwNE

B. Safety Guidelines

The machine count program and all other data dodlecefforts described in succeeding
chapters of this manual require collecting inforimain the field. Safety concerns are always
present when personnel are working near or adjaceat highway. Safety considerations
must include the workers as well as the motoringlipuGeneral Safety tips are listed below.
Watch for on-coming traffic

Protect the work area

Never turn your back on traffic

Pay attention when your activities are focusedhanroad

Do not try to beat "traffic" when crossing road

agrwnE
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6. Notify supervisors of unsafe activities by colleaguiimpacts your safety as well as

potential liability)

Plan out data collection before you go

Do not assume drivers will do the right thing

. Notify supervisors if situation is different andwoeed additional help
0.Wear proper apparel

For details on safety the reader is asked to tef&afety Guidelines for Field data Collection
developed by Dr. Fred Wegmann and Dr. Jerry Everéis guide is maintained on file by
the planning section staff.

C. Uses of Traffic Volume Data

The uses of traffic volume data are numerous. Exeengf uses have been grouped into three
categories; namely, planning, operations and deSigese uses are described below.

1. Planning:
a. Measuring and establishing trends in traffic volsme
b. Determining annual travel in vehicle miles as ecoiwojustification for proposed
expenditures
Computing crash rates
Estimating highway user revenues
Determining the functional classification of stieet
Highway programming to determine the need for amatipy for street improvements
Preparing traffic engineering studies
Preparing traffic impact studies
Determining improvements needed to accommodatergesae traffic from a new
development
]. Developing traffic models

TTa@me a0

2. Operations:
a. Determining type of traffic control device necegsair intersections
b. Implementing parking restrictions
c. Posting turn restrictions
d. Implementing one-way restrictions
e. Determining signal timing and phases

3. Design:
a. Determining number of lanes for constructing a riaeility
b. Designing type of channelization necessary at setgrons
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c. Determining structural design of pavement, bridged other highway facilities
D. Outline of Program

On an annual basis approximately 300 traffic coanésconducted. Due to very limited staff

most of these counts are made in response to msqeeeived. In the past, counts were also
made at pre-defined strategic locations along ttexial and collector street system to enable
the section to prepare citywide flow maps, devalapy and seasonal variation factors and
expansion factors to convert five hour manual cetmtypical weekday 24 hour volumes.

In normal situations the study request is completétin 15 days. However, the weather,
the number of requests received at particular paoirtiime and high priority inquires could
affect the response time. All requests made argdadginformation on the date of request,
person requesting the count, location, type of \studc, are contained in the log. After
counters are downloaded and reports generated fepdf sent to the requesting party and a
hard copy maintained in our records. The basic dathe study is stored in the City GIS
map system by location.

E. Equipment Used to Collect Traffic Data

As mentioned previously majority of the traffic cis are made by using TRAX-II portable
counters. These counters use rubber road tubesnge @ind record the number of axles at a
count location. When a vehicle's axle crossesdhd tube, the pulse of air that is created is
recorded and processed by the traffic counter.rohd tube is extended across the desired
lanes or directions that need to be counted andrakpg on the type of count needed. One
of several road tube configurations may be placethé roadway. For details the reader is
asked to refer to the user’s guide published byaddmachnologies.

When determining locations for road tube sitess iimportant to select a location that will

give the most accurate and useful data possibleicléetube(s) must be placed in a manner

that permits the vehicles crossing it to do so @0 alegrees angle, otherwise the count will

not be accurate and will tend to show higher volsim@&/hen setting the road tubes

consideration should be given to the following:

1. Avoid curves if possible

2. Place tubes away from driveways and schools

3. Do not place tubes close to the intersection

4. ape down hoses to minimize hose bounce. It is resemded to use a minimum of 5
pieces of tape per lane

The Hi-Star portable traffic analyzer is also usedbtain traffic counts, especially, when
counts for each lane of a roadway is requestedspercific studies. The Hi-Star utilizes
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vehicle magnetic technology. The size of the magngttes is 6.5 inches in length, 5.5

inches in width with a thickness of 5/8 inches. Jé@lates have a protective cover that is

nailed into the pavement at the location wherecthent is to be made. The Hi-star magnetic

plates can also classify vehicles and perform mather functions. When setting the

magnetic plates consideration should be giveneddhowing:

1. Pavement surface should be dry and free of dubtjgjestc, when using asphalt tape to
secure the placement of the counters on the patemen

2. Avoid placement of plates near or maintain a minmulistance of 5 feet separation from
objects with magnetic fields such as manholes, mad&es, expansion belts on bridges
and pavement markings with high level of lead, etc.

3. Allow a minimum of 30 minutes between the placema&nplates and programmed start
time of the counter

F. Software Programs Used to Analyze Traffic Data

The TRAXPRO Software program is utilized to analywaffic data and produce

comprehensive reports with the TRAX line of autam&taffic recorders. TRAXPRO comes
preloaded with wide variety of reports options angtomizing features. An example of a
traffic count utilizing TRAX Il counter and TRAXPRGoftware is included in the Appendix

E.
Counts made using the Hi-Star equipment utilize Highway Data Management (HDM)

Software to generate reports, displays, charts graghics. An example of traffic count
utilizing Hi-Star magnetic plates and the HDM sddte is also included in the Appendix F.
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PART IV - MANUAL COUNT PROGRAM

A. Background Information

A high percentage of traffic counts are conducteghually for a variety of reasons. A
principal reason is time. Studies conducted formtlon of 5 to 12 hours do not justify the
effort required to set up automatic counting equepmA second reason is that certain types
of information are more easily and accurately ot#di using manual techniques. This
includes such key intimation as vehicle classif@atturning movements, pedestrian counts
and vehicle occupancy. While there are detectoishnésstimate vehicle type based upon the
time it takes a vehicle to cross the detector,dluagnot differentiate functional classification
such as taxis versus passenger cars or busses gergle unit trucks. Manual counts may be
quickly planned, require little equipment, and ealatively cheap except for the labor cost of
those conducting the study.

In the past mechanical counting boards were usethéydepartment to conduct manual
counts but presently sophisticated computerizedntbog boards developed by Jamar
Technologies are used. For details of the equipithenteader is asked to refer to users guide
published by Jamar Technologies. This guide is taaiad on file by the planning section
staff. EQuipment used to conduct manual countts lariefly explained later on this chapter.

B. Uses of Manual Traffic Volume Data

The uses of manual traffic volume and turning mosentdata are numerous. Some of the

uses of manual counts would be similar to thosda@xgd in the prior chapter on machine

counts. A few examples of the use of manual coargdisted below.

1. Determining the need for pedestrian signals

2. Determining the need for all-way stop signs

3. Justifying the construction of pedestrian refudands by altering lane use markings and

parking restrictions or widening approaches andtanting concrete islands.

Conducting signal and all-way stop sign warrantysis

Checking signal timing and phasing

Maintaining and modifying progressive signal systéem

Designing traffic channelization and providing peopurning radius at intersections

Responding to citizen inquiries

Conducting traffic engineering studies

10 Conducting and reviewing traffic impact studies

11.Executing software programs to determine levelseo¥ice, delays and queue lengths at
intersections.

©ooNOOA
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C. Procedure for Conducting Manual Counts

Manual traffic counting requires trained observarey must be relieved periodically to
avoid fatigue and degraded performance. The sizkeoflata collection team depends on the
length of the count period, the type of count bepegformed, the number of lanes or
crosswalks being observed and the volume levelaffit. One observer can easily count
turning movements at a four-way, low-volume sigredi intersection with one lane
approaches as long as special classification anadloicle occupancy are not required. As
any or all of the foregoing variables increase,dtditional observers will be needed. Duties
may be divided among observers in various waysa 8ignalized intersection, one observer
may record the north and west approaches whileother observer watches the south and
east approaches. In that way one approach is mdoingach observer at any given time.
Another way to divide duties is for one observerdoord occupancy or certain classes of
vehicles, while the other observer counts totalrms. At complex sites, individual lanes,
crosswalks, or classifications may be assigneddividual observers. Also, at complex sites,
one observer may have the sole job of relievingdtmer observers on a rotating schedule
basis.

The key to successful counts lies in keeping tha deganized and labeled correctly. Counts
may produce a large number of data forms. Each fowmst be clearly labeled with such

information as the count location, observer's natimee of study, and conditions under

which the counts are made. The form itself shoulelarty indicate the movements,

classification and time intervals.

The observer must concentrate his or her attemmtmaccurately recording each count in the
proper place and proper button. Special care meigaken with electronic count boards to
ensure that they are properly oriented to the gewuc and geometric layout of the
intersection. When two or more observers are wgrkingether time intervals must be
maintained and coordinated accurately.

D. Equipment and Software Programs

The electronic counting boards range in capalsliftem those used to collect traffic volume
and turning movement data at simple intersectiansnbre complex systems capable of
making various types of studies at several diffedecations. The DB-400 is relatively

simple electronic counting board when compared Wighmore complex TDC-8 machine.

The size of the TDC-8 board is approximately 7'1d@ngth, 6" in width and 1" thick. The
TDC-8 stores the type of study done, the date ene, the interval used, a site code and the
data for each study done. At any convenient tinog, gan transfer the data to your computer
though a serial port and process the information.
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The data is analyzed utilizing the PETRAPRO Sofemarogram. This program is available
to read, edit and store data and print a varietyepbrts. The planning section staff also
conducts a signal warrant analysis at locationsrgvimeanual counts are conducted. This
analysis is conducted using a P.C. warrant softwangram. Examples of the results of a
manual count conducted at an intersection andigmalswarrant analysis is included in the
Appendixes G and H respectively.

E. Outline of Program

The program is administered by a lead techniciaa tkins, supervises and assigns work to
eight contract employees. On an annual basis appabdely 350 traffic counts are made.
Most of the counts are made using the DB-400 alaatrcounting board. For details refer to
Appendix I. Normally, traffic at an intersection éounted on a typical weekday for five
hours, which include the 7 A.M. to 9 A.M. and th& 3. to 6 P.M. periods. Special request
for 12 hour counts extending from 6 A.M. to 6 P.&fe over a two day period. A two-man
team is generally assigned to conduct traffic coaintan intersection unless the traffic
volumes at an intersection are expected to be sm@all. The machines are download every
Friday and required reports and summaries are pdfry the lead technician.

A majority of the manual counts are made in respawnsrequests received. However, the
planning section staff also attempts to condudficraounts at signalized intersections once
every three years. In normal situations the stedyested is completed in 15 days. However,
the weather, the number of requests received atrtecplar point in time and high priority
inquiries could affect response time. All requestale are logged. Information on the date of
request, person requesting the count, locatior tfstudy, etc are contained in the log.

F. Summary of Duties to Manage Manual Traffic DataCollection Contractors

Schedule weekly turning movement counts

Train contractors on the use of DB-400 and TDC-8mraes

Manage and schedule the work load of contract eyepl®

Maintain time sheets for all contract workers

Maintain log of all turning movement counts conaakct

Schedule the downloading of raw data collecteddntract employees
Interpret data collected and summarize for usengyneering staff
Assist in preparation of annual contract documetotsretain services of contract
employees

9. Check and verify the time sheets for payment

10. Prepare progress reports

N~ WNE
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11.Perform quality control of traffic counts on theeli and compare data with previous
counts near or at the site locations

PART V - SPEED STUDIES

A. Background Information

A speed study is conducted to gather informatiothendistribution of speeds of motorists at
one point on a roadway and obtain necessary $tatigthe data on vehicular speeds can be
generated for an hour or shorter time periods.déone studies, data for a typical weekday
may also be useful. The TRAX-II traffic countersdahe HI-STAR portable magnetic plates
previously described are used to collect speed ddtis equipment has been dealt with in
detail in the chapter on the machine count program.

There are many applications of speed data for lehigpproaching an intersection or at a
midblock location. These applications are descritseldw.

B. Application of Speed Studies

1. Determining trends in the operating speeds of @ffevehicle types, which are obtained
from data collected through periodic sampling &ced locations

2. Determining speeds at problem locations to conciudether or not speeds are too high
and if complaints received are justified

3. Determining the need and justification for traffi@lming measures

4. For traffic operation
a. Establishing speed limits
b. Changing speed limits
c. Installing curve warning signs
d. Determining safe speeds at curves and at appro&ehersections
e. Establishing lengths of no-passing zones
f. Locating and timing traffic signals
g. Installing school zone speed limits

5. For crash analysis to determine the relationshippeied to crashes, which could help in
developing corrective measures

6. For “before” and “after” studies to evaluate théeef of some change in controls or
conditions

7. For geometric design features
a. Designs assume uniform speeds and it is importaetvaluate the effects of actual

speed distributions on design features
b. Length of speed change lanes, curvature, supeateday and sight distance are
directly related to and vary appreciably with speed
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8. To evaluate capacity in relation to desired speé#dall vehicles traveled at the same
speed, capacity would be at a maximum and cerypia of crashes, such as overtaking,
passing, or rear-end collisions, would be elimidate

9. As aid to enforcement
a. To determine the effects of speed control measures
b. To measure the effectiveness of changes in enf@aeeprograms

10.Research studies

C. Definitions
Speed:The rate of movement of a vehicle generally exmess miles per hour

Average spot speedThe arithmetic mean of speeds of all traffic, @momponent there of, at
a specified point

Eighty-five percentile speed:lt is the speed at or below which 85 percent ofralific units
travel, and above which5 percent travel

Modal speed:The speed value occurring most frequently

Median speed:The speed represented by middle value when aldsyalees are arranged in
ascending order. Half the speed values will lievabihe median and half below

Pace: A given increment of speed that includes the gstatember of observations. It is
usually taken in 10-mile increments

D. Outline of Program

On an annual basis approximately 230 speed stadeesonducted. Due to very limited staff
most of these speed studies are made in responsguests received. In normal situations
the study requested is completed within 15 dayswé¥er, the weather, the number of
requests received at a particular point in time high priority inquires could affect the
response time. All requests made arc logged. Irdtion on the date of request, person
requiring the speed study and details specifieccantained in the log. After the information
is downloaded and reports generated, El pill flesént to the requesting party and a hard
copy maintained in our records. The basic traffiume data is stored in the City GIS map
by location.

E. Software Programs Used to Analyze Speed Data
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The TRAXPRO software program is utilized to analyzpeed data and produce
comprehensive reports with the TRAX line of autamataffic recorders. TRAXPRO comes
with a wide variety of report options and customdgfeatures. An example of a speed study
utilizing TRAX Il counter and TRAXPRO software isdluded in the Appendix J.

Speed studies using the HI-STAR equipment utilthesHighway Data Management (HDM)
to generate reports, displays, charts and grapAmcexample of the result of a speed study
utilizing HI-STAR magnetic plates and the HDM sadiw is included in the Appendix K.

PART VI - STUDIES OCCASIONALLY CONDUCTED
This chapter is divided into the following two part

Group 1: Travel times and delay, vehicular headways don@ sign delay studies. These
studies are grouped into a single category as dhee shardware is used to complete the
assignments.

Group 2 Includes parking studies. These studies can noyntal completed without any
software or hardware.

Group 1 and 2 studies are conducted by the plamstadf only when specifically required.
Requests for these studies are made when thisdfygata is required to complete specific
projects. A brief description of these studiesdafs.

A. Travel Time and Delay Studies

Travel time varies inversely with travel speed. Travel time study provides data on the

amount of time it takes to traverse a specifiedise®f roadway. Such studies also provide

speed and, usually, delay data. Travel time andydeharacteristics are good indicators of
the level of service that is being provided and lbarused as a relative measure of efficiency
of flow. A delay study is made to determine the antplocation, duration, and frequency of

delays as well as the overall travel and runnirgedp. Other applications of travel time and
delay studies include identification of congestedations and development of solutions,

sufficiency ratings, 'before' and ‘after’ studiesdetermine impacts of a change in traffic

operations, assignment of traffic to a network, necoic studies and trend studies.

Definitions of overall travel times, running andeoating speeds are described below.

Running speedRepresents the speed over a specified sectionadivMay being the distance
divided by the running time, which is the time thahicle is in motion.
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Overall travel speedis the speed over a specified section of roadwaingothe distance
divided by the running time, which is the time thehicle is in motion.

Operating speeds the highest overall speed at which a drivertcavel on a given highway
under favorable weather conditions and under pliegaraffic conditions without exceeding
the safe speed as determined by the design speed.

Travel time studies are conducted by using the ¢asttechnique. Generally, the car is
operated at posted speed limit unless impeded twalatraffic conditions. The test car is
equipped with an electronic transmission interfatke number of trips to be made to
determine overall travel speeds is shown below.

NUMBER OF TEST RUNS TO PREDICT OVERALL SPEED WITI3% CONFIDENCE

- Number of Runs Required to Produce an Accuracy of:
Type of Facility

5% 10%
Signalized Urban Streets
Two-lane, Uncongested 30 8
Two-lane, Congested 40 10
Multi-lane, Uncongested 18 5

An example of the results of a travel time and ystady is included in the Appendix K.
B. Vehicular Headway Studies

Headway is defined as the interval in time betweelividual vehicles measured from head

to head as they pass a given point. These stutkegtifized for several purposes. Some of

these applications are described below.

1. To determine whether or not pedestrian signal viisrare met

2. To determine if highlighting a crosswalk is jusi

3. To decide if special signs to improve pedestridetgasuch as "yield to pedestrians in
crosswalk" should be installed

4. To prepare plans for pedestrian refuge islands iogming the roadway or changing the
lane marking and parking scheme so pedestrian<rcas the roadway one-half of the
streets at a time. An example of the results oélsocular Headway Study is included in
the Appendix J.

C. Stop Sign Delay Studies
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Stop sign delay studies are designed to allow ta#id engineer to measure the traffic

characteristics at a stop controlled intersectidns study is conducted to primarily measure
delay, but it can also provide information abou¢wgl lengths and traffic volumes. Stop sign
delay studies are normally done at one approachdimp controlled intersection at a time.
These studies are utilized for several purposemeSof these applications are described
below.

To determine the location or the operation of aalsiay or crosswalk

To decide whether or not the delay warrant for sigmstallation is met

To conclude whether or not the approach needs widened

To analyze the need for widening the approach

To answer citizen complaints

arwnE

An example of the results of a stop sign delapctuded in the Appendix K.

D. Hardware and Software for Travel Time and Delay, Véicular Headways and Stop
Sign Delay Studies

The TDC-8 electronic board developed by Jamar Teadgres is used by the Transportation
Planning staff to conduct these studies. TDC-8 tedacc board developed by Jamar
Technologies is used by the transportation plansiaff to conduct these studies. TCD-8 has
a large amount of memory to store data from thevalsbudies. The standard counter comes
with 128K of static RAM. The PETRA software is tbeogram most commonly used for
downloading and analyzing the data. This softwaile dewnload all of the data from the
TDC-8 with the exception of travel time data. Thavel time data requires P.C. Travel
software.

E. Parking Studies

These studies generally involve the examinatiopasking supply and parking demand. The

parking supply can be measured by inventoryingniln@mber of spaces available to legally

park a vehicle or the number space hours availfdievehicles to park at the subject

location. This inventory could include one or mofehe following items.

1. Number of parking spaces

2. Time limit and hours of operation

3. Type of ownership, such as public, private or ret&td to employees or customers of a
particular building

4. Rates if any or method of fee collection

5. Type of regulation at curb spaces, such as loadorg, passenger zone, handicapped
zone, taxi zone or bus zone

6. Type of facility lot or garage
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The parking demand measures how the spaces aeadablbeing utilized. The demand is
measured by making field checks which could incladéng whether or not the available
space is occupied or writing license plates of elesi parked for detailed characteristics
which could include the turnover rate and percénedicles parked in violation.

The study could include calculations for the follogicharacteristics.

1. Average occupancy of legal parking spaces: Thisalsulated by dividing the space-
hours used by the space hours available and ngrneaibressed as percentage by
multiplying by 100.

2. Average duration of parked vehicles: This is calted by dividing the total hours that
spaces were occupied by the number of vehiclespyaog them.

3. Percentage of vehicles parked in violation of exgstime limits: This is calculated by
dividing the number of vehicles parked longer thiaa time limit by the total number of
parked vehicles.

4. Turnover rate: This factor is determined by divglime number of vehicles observed by
the space hours available.

The parking demand for a particular land use canldiermined by examining data which
include parking demand rates published by thetlistiof Transportation Engineers

(ITE) for various land uses. These rates are ireduth their publication titled Parking
Generation (% edition). This document contains data for 91 lasésu Demand for new
facilities may also be determined by using factoctuded in the City's zoning ordinance.

The explanation of details for various parking stsd including necessary field sheets, is
beyond the scope of this manual. The study hag taitored to the particular problem being
addressed. For details the reader is asked to tefée latest manual on traffic engineering
studies published by ITE to develop the scope @féguired parking study.

F. Travel Demand Modeling

Travel demand modeling involves developing and gisignthetic predictive models of the
interaction of travel demand, land use, socio-eounalata, and the street network. Usually
a four-step process is used as follows:

. Trip generation (evaluates number of trip ends gend)

Trip distribution (evaluates start and end poiritgips)

Modal split (evaluates which modes [e.g. car, lug$ use)

Traffic assignment (evaluates which street netwiaths vehicles use)

PwpdPE

The models are usually stratified by time of day amp purposes. In addition, zones are
typically used to facilitate the trip generatiomgmonent. Land use and socioeconomic data
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is grouped by zones so that predictive methodseamsed to estimate trip ends produced by
and attracted to zones.

Inherent in each step of the process is the uswldiration and validation to ensure and
check that the model is producing reliable resul@ordon lines, screen lines, cut lines,
traffic counts, and surveys are usually used for plrpose.

The street network is modeled as nodes and links travel characteristics being specified
for each node and link. These include capacitgsed-flow relationships, lengths,

connectivity, delay, turn prohibitions, etc. Sm@dinks called zone centroid connectors are
used to connect the zones to the network.

The network specification is used to evaluate thpedances between zone pairs. This in
turn is used to evaluate the attractiveness oktrbetween pairs of zones. This makes it
possible distribute the generated trips betweerezoa process called trip distribution. A
mathematical model called the “gravity model” iseof used for this process.

In Kansas City, the public transit mode has haeéry low share of and as a result, this step
was omitted in some past models. However, themadase emphasis on public transit in
recent years so it is more likely to be explicitigluded in future models. The decision on
inclusion of the various components is typicallyvdn by the need for the model to be used
to predict changes to that component. This stémasvn as mode split. If mode split is not
included explicitly in the model, it can still beauated separately as a post-processing of
the results.

Once the numbers of trips by each mode are kndway, tan be converted to vehicle trips
and loaded onto the network. This process is knawrraffic assignment. The various
methods of traffic assignment are differentiatedthy method used to decide on the paths
taken by vehicle trips. These methods attempepdicate the route choices of drivers in
different ways.

The process of travel demand modeling is highly glem and requires highly specialist
knowledge. In addition, complex computer softwar@eeded. Currently, TransCAD and
VISUM are being used by the city, whereas MARC usesne2. Transportation planning
staff has used the following software in the pastfis purpose:

1. TModel2,

2. TransCAD,

3. VISUM

Past travel demand models that were used by s&ff a
1. TModel2 KCMO Model (KCMO PWD) (used from 1997 to®Dapprox.)

99



CITY OF FOUNTAING

MRS CoR kPO CAPITAL PROJECTS DIVISION

m Public Works Department
VI Y City of Kansas City, Missouri
i|||i

KANBAS CITY
M ISE8EOUWRI

2. TransCAD KCMO Northland Collector Model (BWR Indiised from 2005 to 2011
approx.)

3. VISUM River Market / CBD / Crossroads VISUM ModeHNTB) (used from about
2006 to 2013)

4. TransCAD Major Street Plan Model (HDR Inc.) (us€d 2 for major street plan)

5. Greater Downtown Traffic Simulation VISUM Model @nSystems/WRA) (in
development 2013).

The results of travel demand modeling include spegdlumes, turning movements, and
travel paths, VMT, V/C ratios, LOS, etc. The rés@re typically used to make decisions for
short-term and long-term planning of the streetwoek, street and intersection design,
funding applications, land use and development miay) grant applications, congestion
management, air quality conformance, etc.

Transportation Planning Section staff have beerolired with review and/or project
management of most of the transportation plannmgepts undertaken both internally by the
City of by consultants for the City.

G. Traffic Analysis and Modeling

Traffic analysis involves use of techniques andvsarfe to model the operation of streets and
traffic control devices. This is usually done osraaller scale and over a shorter period of
time and on existing facilities, but in a greatard| of detail than is typical of travel demands
modeling. Often the goals of traffic analysis ahmrter term analysis than travel demand
analysis, and often traffic counts can be usederathan estimating demand.The type of
modeling and technique used depends on the gotie study.

Typical software that are used are:

Synchro (for traffic signal capacity, LOS, and tnmianalysis)
SimTraffic (for traffic micro-simulation)

Transyt7F (for traffic signal capacity, LOS, anahithg analysis)
Corsim (for microscopic traffic simulation)

VISSIM (for microscopic traffic simulation)

VISUM (for mesoscopic traffic simulation)

ok wnE

Typical different types of typical studies include:

1. Intersection studies (e.g. Southwest Trafficwaydstigort Rd / 4% St study)
2. Corridor studies (e.g. Barry Road study)

3. Area studies (e.g. CBD Circulation study)
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Transportation Planning Section staff have beerolired with review and/or project
management of most of the traffic analysis / madgprojects undertaken by the City of by
consultants for the City.

H. Economic Analysis

This usually involves benefit-cost analysis of sortation / traffic projects as a way of
ranking candidate projects so assess which armtst beneficial for the money spend, and
to determine if the project is worth doing at all.

Transportation Planning Section staff has carriedl the cost-benefit analyses for the
following past projects:

1. Traffic Operations Center DOE Grant, 2008, (awarcadpetitive grant)

2. ARRA Tiger Grant for Green Impact Zone, 2009 (aveardompetitive grant)

3. ARRA Tiger 2 Grant, 2010 (minor initial involvemelnéfore consultant hired)

4. Traffic signal removal justification analysis, 2013

|. Development Traffic Impact Study Review

Developments have traditionally been an enginecohemic growth in Kansas City. While
economic growth is beneficial and desirable, a-sifiect of growth and development is
usually the generation of additional travel on cdilyeets. Sometimes this traffic can
adversely affect city streets and nearby propedieswighborhoods to an unacceptable extent
so that it is necessary to mitigate these effecf8hen these negative effects reach the
threshold of being unacceptable, they are refdwexs an “impact”. When impacts occur, it
is necessary to identify and implement measuresiitgate them, known as “mitigation
measures” or “improvements”. These mitigation meas are specified as conditions of
approval of developments during the developmentrpieg process. Development traffic
impact studies play a crucial role in determiningew impacts occur, what mitigation
measures are necessary to mitigate them, and wieemitigation measures need to be
implemented.

Scope of this Guide

The purpose of this guideline is to summarize theent requirements and best practices
used in Kansas City for specification and use afffiitr studies for the development approval
process. This manual is not intended as an eduedtresource on traffic impact studies —
the reader is referred to two authoritative docuisidrom the Institute of Transportation
Engineers (ITE) on traffic impact studies as follow

1. Transportation Impact Analysis for Site Developme@®06, ITE.

2. Transportation Planning Handbool Bdition, 2009, ITE.

The Development Planning Process
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Typically, when traffic impact studies are requirdtiey are required as part of the
development planning process. This process isdowated by the City Planning and
Development Department under the authority of Cduma the Development Review
Committee, the City Plan Commission, and the PlagynZoning, and Development Council
Subcommittee. The Director of the City PlanningpBement is responsible for the
development planning process, including conditiohapproval, which incorporate required
traffic impact mitigation measures. Typically, tGgy Planning Department delegates the
review of traffic impact studies to the Public Werlbepartment because of the latter
department’s staff expertise in transportation eeeiing and planning. The development
code does, however, authorize the Director of €lgnning Department to waive or modify
any requirement for traffic impact studies subjectvritten justification and documentation
of the reasons for a waiver or modification.

The Role of Kansas City’s Development Code

Section 88-440 of Kansas City’'s Development Codecsigs when development traffic
impact studies are required for development plapmiases and what they should evaluate
and contain. The development code has been apblyverdinance and guides the Director
of City Planning and Development in dealing witaffic impact studies.  The Director of
City Planning Department relies on TransportatiéenRing Section staff's assistance with
reviewing traffic impact studies and reviewing deypenent plans that are submitted as part
of the planning cases. Appendix A of this manuabtgs Section 88-440 of Kansas City’s
Development Code, which addresses the subjectvela@ment traffic impact studies.

When Traffic Impact Studies are Required
A traffic impact study is required when a proposiedelopment plan would, in the opinion
of the Public Works Department’s transportatiompiag staff, cause a traffic impact.

Scope of Traffic Impact Studies

The development code specifies the scope of traffidies. The study area should include
all road segments and intersections where at [Ea%t of the traffic on a segment or an
approach leg is to or from the development.

The following scenarios are typically required todnalyzed:

1. Existing

2. Existing + Other Approved Developments

3. Existing + Other Approved Developments + Project

4. Future

If the project is comprised of multiple phases,hephase should be considered as a separate
scenario so that impacts and mitigation measunedealetermined for each phase.
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Typical peak hours are required to be analyzed.typical conditions such as Christmas,
during influence of construction work, etc. are wonsidered. School holidays should be
avoided it at all possible. The following peak ¢irperiods are typically required to be
analyzed:

1. Typical AM Peak Hour

2. Typical PM Peak Hour

Occasionally, other peak periods may be requirdaetoncluded in the analysis where PWD
staff consider other peak periods to be more etitand representative of a development’s
traffic impacts. These peak hour periods tend ¢oSaturday mid-day peak hour for
commercial/retail developments, Sunday peak houchorches, and event peak hours for
entertainment/recreational developments.

Analysis of capacity and Level of Service (LOSkffic signal warrants, and turn lane
warrants are typically required for each scenanid time period.

Content of Traffic Impact Studies

In general, Public Works Department is flexible abthe format and content of a traffic
impact study as long as it contains the necessdormation and analysis to accurately
determine impacts and determine appropriate mitiganeasures. Usually, this is achieved
by review and agreement of the study scope priathéoconsultant starting work on the
traffic impact study.

Minimally, a description and LOS/capacity analysisthe following would need to be
included:

1. Each peak hour of the existing scenario

2. Each peak hour of the development scenario(s)

3. Each peak hour of the development scenario(s) avithproposed mitigation measures
4. Conclusion and recommendations.

Additional considerations are safety, intersectsaght distances, adequacy of the existing
street system to carry the additional traffic, etrand intersection geometrics, etc. The
preparer of the traffic study should be a transgmm engineer experienced in the
preparation of traffic impact studies and is expddb use professional expertise to prepare a
complete and accurate evaluation of the trafficlicagions of the development proposal.
The preparer should include all relevant conteat it necessary to accurately represent the
traffic implications and impact of the developmed well as the mitigation measures,
regardless of the minimum contents required foati¢ impact study.

What Constitutes an Impact
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A traffic impact is anything that constitutes araoceptable condition caused by the addition
of the development’s traffic. For intersectionfficacapacity, the threshold for determining
an unacceptable condition is typically LOS D. Hees other measures may include safety,
parking capacity, noise or nuisance to adjacenteldgwments and neighborhoods, slow
progression of traffic in coordinated systems, d@tor these impacts, it is hard to quantify the
thresholds of unacceptability since that dependsash on the nature of the area being
impacted as on the development traffic that is icauthe impact.

When and What Mitigations are Required

When traffic impacts occur, it is necessary to deiee what measures are necessary to
mitigate them. Usually, it is possible to propasprovements that will mitigate the impacts.
However, in some cases, no feasible solution existghis rare case, staff may recommend
that development approval be denied.

Role of the Traffic Impact Study

The development traffic impact study forms just arfethe documents submitted by the
developer in the development application. ThiseiMewed by the city staff as part of the
development approval process. The traffic studyeisewed and, together with all other

relevant information available to the City. Basedreview of the application materials and
all other available information, PWD staff preparasd recommends traffic-related

ordinance conditions of approval of the developnease, which may include requirements
for mitigation measures to be implemented and itheng of those measures. In some rare
cases, denial of the application may be recommebgestaff. Staff recommendations are
considered by the City Plan Commission and Counbién deciding on the case at public
hearings. PWD staff are asked to testify at thagdelic hearings in support of the staff

recommendations and to answer or rebut comments fh@ developer, businesses, or the
public.

PART VIl - ACCESS MANAGEMENT
A. Introduction and Concepts

Access management is the systematic control ofoitegtion, spacing, design and operation
of driveways, median cuts or openings and streebections to a roadway. It also involves
roadway design applications such as median treatmand auxiliary lanes and the

appropriate spacing of traffic signals. The purpo$eaccess management is to provide
vehicular access to land development in a manrarpiteserves the safety and efficiency of
the transportation system.
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As development occurs and vehicle traffic increageany roadways deteriorate into highly
congested routes that experience poor levels ofcgerThe poor levels of service result in
unacceptable delays and a large number of accidEnits deterioration can be due in part to
improperly spaced and designed intersections amdwiays.

Roadways are classified by functions on the bas$qwiority given to land access versus

through traffic movement. Access management isquéatly important along arterials and

other primary roads that are expected to provide aad efficient movement of traffic as

well as access to property. However, access maregems still necessary on lower-level

roadways such as minor collectors and residentiekts to address safety considerations

such as sight distance and corner clearance. Blsuess management is intended to balance

the roadways role of serving through traffic witte trole of providing access to property.

The purposes of this document are to:

1. Assist staff in reviewing development plans anffitampact studies

2. Provide necessary information to developers andr tkagineers regarding City
requirements on access control

B. Effects of Access Management

Properly developed access management plans incsadsty, improves traffic operations,

enhances the environment and results in good roadeathetics. National studies have
shown that access management significantly desdhsefrequency and severity of crashes
by reducing or eliminating conflicts. Also managiagcess improves capacity of the
roadway and reduces delays. This in turn enhareegnvironment by reducing emissions
and decreasing fuel consumption. Finally, propspgced driveways and medians provide
additional areas for green space and landscaping,iinproving roadway aesthetics.

C. Roadway Classification System

Roadways serve a dual purpose of providing a meémsansport between one place and
another and providing access to adjacent propétgess management is intended to
balance the roadways role of serving through traffith the role of providing access to

property. Roadways should be classified based ein ithitended function so that access can
be managed in an appropriate way.

Functional classification groups streets into aaser systems according to the types of
service they are intended to provide. Functionakification is used to designate major
streets in Kansas City. This technique relies enfélowing characteristics:

1. Character of trips and their relative lengths

2. Anticipated or projected traffic volume

3. Relationship of a given route to the land usesmes
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In a functional classification, the character gbgrand their relative lengths and anticipated
or projected traffic volumes are expressed in teomsgght of way, roadway cross sections
and access control.

In Kansas City, roadways are classified as follows:

Expressways

An expressway is designed to move large volumeshafugh traffic for long travel
distances. Expressways have a minimum right of @fed50 feet. The primary functions are
to serve traffic and assure mobility. Generallypressways are at least three miles in length
and have a traffic volume of at least 15,000 velsigber day. Expressways are divided
facilities comprising of a minimum of four lanesmbving traffic and a 15 foot median.

Primary Arterials

The primary arterial is intended to move throughffic, yet accommodate major access
points from abutting properties. Full access mayréstricted at selected entrances. A
primary arterial normally carries 10,000 or moréickes per day and are at least two miles
in length. Primary arterials have a minimum rightw@y of 100 feet. Primary arterials are

divided facilities comprised of a minimum of fouanles of moving traffic and a 15 foot

median.

Secondary Arterials

Secondary arterials provide access for one or meighborhoods to various activity centers.
Secondary arterials normally do not cut throughidesgial neighborhoods but act as
boundaries to them. Although the secondary artamnabt serve traffic first, access to
abutting property can be more readily allowed. &deoy arterials carry traffic volumes in
the range of 5,000 to 10,000 vehicles per day, witkrip length of at least one mile.
Secondary arterials have a minimum right of way80ffeet and are normally four lane
undivided roadways.

Collectors

The purpose of a collector street is to gatheffitrdfom an industrial area, commercial
center or residential neighborhood and transfeo ian arterial roadway. Normally traffic
volumes on collectors range between 1,500 and 5/60&les per day with a trip length of
one mile or less. The minimum recommended righway for a collector street is 60 feet.

Local Streets

Local streets are intended to provide access tdtiaQuproperties and to carry traffic to
collector streets. Local streets provide accessgmential neighborhoods and should have a
minimum right of way of 50 feet.
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Parkways/Boulevards

Unique to Kansas City is a certain type of "stréetbwn as a Parkway or Boulevard. These
are streets of very special design that in additiothe movement of traffic, impart a unique
character and form to adjacent land uses and serattract motorists because of their utility
and beauty. Parkways/Boulevards grace the city thigir special character and define civic
beauty in Kansas City. Right of way requirementsgeafrom 150 to 300 feet. Alignments

and cross sections are widely variable but at amum comprise of four traffic lanes with a

wide median.

D. List of Guidelines

LIST OF GUIDELINES

Access Management

o What It Means Why Is It important
Guidelines y P

- . Preserves traffic flow and
_ _ The minimum distances or .
Distance between major at-grade__ . nsures that a functional
. . Spacing between types . .
intersections ierarchy of roads is
maintained

roadways.
Ensures efficient traffic flow on
The minimum and desirablesignalized arterials. Too many
spacing between signals signals placed too close together
will disrupt traffic flow
Too many openings or closely
Where openings in medians wilspaced median openings
and will notbe allowed detract from the proper
functioning of a median

Some high volume driveways

N _ The traffic conditions underShoul d have dedicated left or
Auxiliary lanes (dedicated leftwhich turning lanes should be

and right turning lane guidelines)rovided toserve a commercial”ght. wrn lanes  to redgce
or Industrial driveway conflicts with through traffic

and decrease delays
Guidelines on using two-way When TWLTLsS should seds TWLTLs are far less

Distance between traffic signals

Median openings
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left turn lanes (TWLTL) and when raised mediam®ntroversial than  raised
should be used instead medians; however TWLTLs do

not function well once a certain
traffic volume has been reached
Maintaining the functional
) ) integrity of the City's roadwa
Controlling driveway grity . y . y
. . .~ system provides for motorist and
geometries  spacing,  sigh )
. pedestrian  safety, reduces
distance etc. .
number of conflicts and
decreases number of accidents

Commercial driveway
regulations

E. Intersection Spacing

This guideline governs the minimum distance or sgpbetween types of public roadways
and their intersections. This guideline provides #&o hierarchy of roads and maintains
adequate spacing between roads that are intendexitdy serve through traffic. Arterials
serve through traffic and are therefore spacedfdhibest apart. Collectors provide some
service to through traffic but also provide direcicess to property, therefore, they can be
placed closer together. The following is the reca@nded minimum spacing:

Principal arterial: 1 mile

Secondary arterial: 1/2 mile

Collectors: 1/4 mile

F. Traffic Signal Spacing

This guideline governs the distance between sigedliat grade intersections on public
roadways. Minimum spacing is mainly intended tospree efficient traffic flow and
progression on city streets. Adequate spacingalsth tend to reduce rear-end collisions and
by providing smooth traffic flow, help to reducelals and improve air quality. The
minimum recommended spacing between traffic sigisald mile.

G. Median Opening Spacing

Openings in raised medians should only be provitedhiccommodate turning traffic in
locations where this can be safely done. When ogenare provided, an adequate spacing
between them to allow for signalization (if necegsand weaving maneuvers is required.
The minimum recommended spacing between medianrayeers 'A mile. This spacing will
also maintain the aesthetic qualities of the rogdwa
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A full opening allows turns to be made in both direns; a directional opening allows turns
to be made in only one direction. An example ofir@alional median would be one that
allows left turns into a driveway but does not allieft turns to be made from the driveway.
Median openings shall not be allowed within functibareas of an intersection between two
public streets or at locations where sight distasast adequate. Queue storage for median
openings should be a minimum of 60 feet. For m#jaffic generators detailed studies
should recommend required length of queue storage.

H. Raised Medians

Raised medians are the most affective access maeagestrategy on high volume urban
routes. In general, raised medians are to be ledtédr all primary arterials and for all other

roadways where the existing or projected traffitumtes exceed 17,500 vehicles per day.
Raised medians are especially recommended in ocosridhere traffic volume is high, the

density of commercial driveways is high (over 24 pale in both directions) and other

access management strategies such as drivewaylidatiso and corner clearances are not
practical.

l. Auxiliary Acceleration and Turning Lanes

An auxiliary (left and right turn lanes) is the madfective means of limiting the speed

differential between a turning vehicle and the daling through traffic to a safe level.

Auxiliary lanes improve traffic operating condit®by:

1. Enhancing the safe and efficient movement of tratfirough the separation of turning
vehicles from the main line traffic flow.

2. Providing room necessary for turning vehicles t@ellerate and come to a stop if
necessary.

3. Increasing capacity and improving levels of service

4. Decreasing delays for through traffic.

5. Reducing rear-end accidents

Left turn lanes can be justified and are requirdengver feasible at the intersection of two
arterials or an arterial with a collector. For dethleft turn lane warrants the MODOT 2006
Access Management Guidelines (pages 13-18) sheutdfbrred to.

Right turn lanes should be considered where pdernal site circulation leads to back up on
the main line or the peak hour right turning trafi unusually high. (e.g. greater than 10
percent of the daily traffic). For detailed rightn lane warrants the MODOT (2006) Access
Management Guidelines (pages 20 and 21) shouldfbeed to.
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Right turn acceleration lanes allow entering vedsdithose that have turned from a driveway
or minor public road onto the major route) to aecatle before entering through traffic. Such
acceleration lanes may be appropriate where thegealaily traffic on the major route with
a posted speed limit of 35MPH or more exceeds DOy@hicles and there are at least 75
right turn egress movements from a driveway or mpublic road.

The storage length of left and right turn lanesusthdoe determined from traffic modeling
efforts and be based on 951" percentile queues.eMeryin the absence of modeling effort
the length of a left or right turn lane at signetizntersections should be based on Figure 10-
7 of the 2003 TRB Access Management Manual. Atgmadized intersections a 2 minute
interval in lieu of cycle length may be used. Th@imum recommended storage length for
left or right turn lanes is 150 feet. Whenever ligie turn volume exceeds 200 vehicles per
hour, consideration should be given to providingldeft turn lanes.

The minimum physical length of a right turn or laftn bay, including the taper consists of
the maneuver distance plus the queue storage. ®tance to maneuver laterally and
decelerate to a stop is the same for left turnragid turn bays. For details refer to figure 10-
5 of the 2003 TRB Access Management Manual. Howe#/ére length based on the above
described procedure result in impractical values;staff will make adjustments by assuming
higher speed differentials than the values showfigure 10-5.

Note: Figure 10-7 in the Access Management Marsitdken from monograms prepared by
Jack E Leisch's for the August 1967 and October71i86ues of PUBLIC ROADS. The
monogram was originally meant to determine lendtHeét or right turn lanes locations
where right turn on red is allowed the use of tharcwill result in conservative values.

The final element of auxiliary lanes not descriliredhis section relates to tapers. In order to
construct a left turn lane, through traffic mustdieerted. The taper for redirecting through
traffic should be based on the following formulas:

L =W x S where S is equal to or greater than 45MP

L= (W x S2) /60 where S is less than 45MPH

L = taper for redirecting through traffic in feet

Where:

W = offset in feet
S = 85th percentile speed in MPH
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The normal taper for left turn lanes is 90 feetr Rhigh speed roadways, a taper of 150 feet
should be provided. The normal taper for a rigiht fane is based on an approximate ratio of
10:1. For high speed roadways, higher values masbemed.

J. Two Way Left Turn Lanes

Arterial roadways with raised medians are safer apérate better than any other access
management cross-section configuration. Reseadibtaites that raised median roadways are
25 to 30 percent safer than undivided roadwayglamu areas. However, raised medians are
most restrictive access management treatmentshanefdre raised median along an arterial
is very controversial among business and propentgeos. Business persons and property
owners feel that installation of raised mediand Wdve a large negative impact on their
customers, sales and property values. Thereford, T (two way left turn lanes) are often
suggested as a compromise solution.

TWLTLs work best in the situations where trafficlmme and density of driveways is
relatively low and the proportion of left turninghicles is relatively high. It is recommended
that TWLTLs primarily be considered where the faliog conditions are met:

1. Commercial driveways make up substantial portiotheftotal driveways

2. The percentage of vehicles turning left at peakr li®at least 20 percent.

3. ADT is in the range of 10,000 to 28,000 vehiclesgzey

4. Commercial driveway density is less than 12 peenmleach direction

Two-way left turn lanes can also work very wellglaces where the number of driveways
per block or mile is high but where land use doaspnoduce many turning movements per
hour for example, an arterial through a primarégidential area. TWLTLs can comprise of
two through lanes in each direction and a centerway left turn lane(five lane facility) or
one through lane in each direction and a centerviay left turn lane(three lane facilities).
Three lane roadways have been found to be saferftha lane roadways under specific
conditions. However, three lane cross sections ldhonly be considered where through
traffic volumes are moderate.

PART VIIl - COMMERCIAL DRIVEWAY PERMITS REVIEW

A. Introduction

Good access management provides uniform standaddgracedures and promotes their fair
and equal application. The quality of site accegzedds on the proper number of driveways,
their design, spacing and location from intersexior traffic control devices. Well-designed
driveway accesses can greatly improve a safe aficieaf transportation system. The
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guidelines and standards presented in this docuraentintended to promote safe and
efficient operation of the city's roadway systemileslaccommodating the access needs of
adjacent developments. In order for guidelines staddards to be of maximum value, it is
necessary that a wide flexibility be retained iaithapplication. Good engineering judgment
should override recommended dimensions or standdregrranted by specific traffic
conditions.

1. Purposes of Driveway Regulation (Summary)

Maintaining the functional integrity of the city'sadway system
Encouraging uniformity of standards and practices
Monitoring driveway design

Providing for motorist and pedestrian safety

Protecting the public investments in the citiegdiay system
Reducing the number of traffic accidents

Reducing traffic delay

@rpooop

2. Definition of Commercial Driveway for the Purposs of this Document
A driveway providing ingress and egress to any erggpother than residential or apartment.
3. Authority to Regulate Construction of CommercialDriveways

Local government's authority to regulate drivewaysderived from their general police
powers. In addition, the City of Kansas City, Migddhas adopted ordinances providing the
Director of Public Works with the authority to rdgte driveways in the city. (Article VIII,
Section 64-282 of the Kansas City Code of Ordinahce

4. Permit Required for Construction of Commercial Driveways

The Kansas City Code of Ordinances, Article Vllesgies that no person shall construct or
maintain a commercial driveway, or renovate andteng driveway without first obtaining a
permit from the Director of Public Works. Applicati for a commercial driveway permit
shall be made to the Director, City Planning anddd@ment Dept. on forms provided for
that purpose. All permit applications shall be awpanied by a clear and concise site plan or
drawing. The site plan or drawing must include by dimensions; indicate existing
facilities and proposed improvements, right-of-wdsiyeway width, distance from property
lines, radii, spacing between adjacent and offsgedays (existing driveways across street),
throat length and sight distances. Refer to appefodicheck list of items to be provided for
driveway approval

5. Appeal from Denial of Permit
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An appeal from the refusal of the Director of PablVorks to issue a permit required by
Section 64-282 of the Kansas City Code of Traffidi®ances may be made to the City
Manager by written application filed within ten dafyom the refusal. The City Manager has
the power to hear and make appropriate decisiorappaals.

B. Design Elements

The design of driveways is a critical element ofems management. After identifying the

access locations, proper geometric design will belachieve safe and efficient operation of
vehicles, including the speed of traffic turningoinand out of driveway. Large speed

differentials are created when driveways are inadtgly designed. Significant speed

differentials result in higher crash rates andfingnt traffic operations. On the other hand,

overly wide driveways can confuse drivers of pagsertars and pose hazards to bicyclists
and pedestrians. The standards and practices ysédrisas City, Missouri in the design of

driveways are described below and shown in drair&jincluded in the Appendix.

1. Driveway Width

It is recommended that as a general rule the widthevo-way driveways be measured
parallel to the roadway. One-way driveways may leasared at right angles to the driveway
if it is constructed on a skew. When a center ckhnng island is used in a two-way
driveway to restrict entries to right turns in anght turns out, it is also appropriate to
measure the width separately and at right angléseea the curbing of the channelizing
island and the driveway curb return. In this tygedesign, radii and the total width of the
driveway at the throat are necessarily somewhatgrehan for a two-way driveway without
channelizing island due to the need for laterahr@dece between faces of the barrier curbs
necessitated by turning vehicles. When traffic intsudies are required, the driveway shall
be designed to provide the number of lanes recordeteby the study. The findings of the
study supersede the standards established by theThe standards and practices used by
Kansas City, Missouri in the design of driveways described below.

Table | shows the widths of driveways permittedtihy City for both standard and divided
driveways.

Table 1
Type of Use Driveway Width (Feet)
Standard Divided (b) Median
Min Max Min Max
Commercial 24 30 19 24 6
Industrial
A. Trucks 24 36 189 30 6
A. Special 18 30 24 30 2
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B. Passenger :
. Same as commercial

Vehicles

Where:

a. Applies to one-way drives only

b. Width on each side of median

c. Thirty-five feet for three lanes (1 in and 2 oufjiwapproval.

2. Radii

A critical element of driveway design is the radafghe curb return connecting the edge or
throat of a driveway with the edge of the nearestel lane. The radius should be related to
the swept path of a vehicle making a right turnomout; considering the width of the
adjacent street lane and the width of the drivewlkg small radius is provided a vehicle
would occupy a substantial portion of the throatemtering the driveway, and a vehicle
exiting from the driveway would be in direct conofliwith an entering vehicle. These
phenomena would be hazardous for pedestrians staméiar the curb. If an exiting vehicle
were waiting in the driveway the entering vehicleuld have to stop in the traveled lane
until the other vehicle was able to leave. Theahtength requirements are explained later in
the text. The potentials for congestion and acdslenight be serious, depending on the
traffic condition.

The standard radii permitted by the City are shawhable II.

Table Il
Type of Use Driveway Radii (Feet)

Min Max
Commercial 24 30
Industrial
A. Truck 24 30
A. Special 18 30
B. Passenger Vehicles Same as commercial
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The width should be justified by plotting the trapath of the turning vehicle
3. Angles

As with other geometric design elements of drivesyahe angle between the driveway
centerline and roadway edge should be based phnuarisafety requirements. The speed at
which a vehicle can enter or leave a public roadisagffected by the angle of approach or
departure. The choice between 90 degree and adgieelvays is most often dictated by

direction of travel and ease of turning into or ofuithe public street.

Angled or one-way driveways are appropriate on wag- streets or streets divided by
medians which limit movements to right turns in aodt. The Kansas City, Missouri

Standards require that driveways shall interseet dfneet centerline at right angles = 20
degrees.

4. Grades

Vehicles entering and leaving driveways which haleupt changes in grade must travel at
extremely low speeds. For those entering, the piisgiof rear-end collisions on the public
street is greatly increased. Exiting vehicles mwuatt for larger gaps in traffic, and thus
hazards may become greater. The driveway profildsis an important design element with
respect to comfort of vehicle occupants and afatts potential damage to the underside of
vehicles. Maximum grades should generally be lichibetween 4% and 6% for commercial
and industrial driveways. Desirable and maximurovedible grades are shown in Table Il
Driveways should have a minimum grade of 1% = fairthge.

Table 11l
Required Minimum Desirable Grade
Roadway Apron Length Change ("D" in Maximum Grade
Classification ("A in Diagram) Diagram) Change Allowed
Principa 25-30 fee 2% -3% 3% -4%
Industrial
Secondary 20 feet 4% 5%
15 feet 5% 6%
Collector
Diagram

Desirable Driveway Grades
from Curbed Roadways
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5. Throat Length

The throat length is the distance between the tstad the parking lot served by the
driveway. An adequate throat length helps to keaffi¢ conflicts within a parking lot to a
minimum and frees-up space on the driveway fornmog and outbound traffic. A sufficient
throat length enables drivers entering a site @arcthe intersection of the main roadway and
access connection before encountering the intéoseof the access connection and on-site
circulation thus avoiding traffic congestion on tieadway.

Inadequate throat length produces a complex patteciosely spaced conflicts. This results
in high collision potential and low capacity, paudiarly where on-site parking layout is such
that a vehicle exiting the parking space blocksdheeway and prevents the vehicle from
entering. Throat length should be based on a¢rattidy when available. In the absence of a
study the following throat length guidelines arggested.

a. For low traffic volume commercial and industriaivitways (below 150 peak hour
vehicles in both directions), the minimum desirathiveway throat length is 40 feet
(about two 20- foot car lengths).

b. For medium traffic volume commercial and industdaveways (150-400 peak hour
vehicles in both directions), the minimum desirathiveway throat length is 60 feet
(about three 20-foot car lengths).

c. For high volume traffic volume commercial and indlizé driveways (over 400 peak
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hour vehicles in both directions) such as a shappenter entrance, adequate throat
length should always be determined by a traffidgtu

Throat length and cross section are inter-relateel wider the cross section, the longer the
exit throat length. This is because weaving becoma® complex and requires more length
as the number of exit lanes increases. In additibe, need to achieve high flow rates
becomes more important as the exit volume incredkas the exit conditions controls the
throat length of large traffic generators. Weavoggurs in the throat of the access drive
when there are two or more egress (exit) lanes. drheunt of weaving increases as the
number of egress lanes increases. A way to accor@osleaving and achieve efficient
traffic flow through the signal is to increase ttieveway throat length as the number of
egress lanes increases.

A minimum throat length at signalized access drigeshown in Table IV.

Table IV
Minimum Throat Length at Signalized Access Drives
Number of Egress Lanes Minimum Throat length (Feet)
2 75
3 200
4 300

6. Driveway Spacing (Aligned and Offset Driveway

Driveways are, and should be treated as intersectiDriveways should not be located
within the functional area of an adjacent drivewMaintaining an adequate spacing
between driveways is one of the most critical atgpe¢ access management. Traffic
turning into and out of driveways moves slowly whenmpared to through traffic, thus
increasing potential for conflicts between vehiclesveways should be lined up across
the public roadway from each other wherever possihen driveways are not lined up,
the minimum spacing should be measured from th&esltodriveway on either side of the
road except where non-traversable (e.g.; raised)anexists.

The guideline described in Table V governs the mium recommended spacing between
private driveways necessary to preserve both saaty traffic flow. The minimum
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spacing is related to the operational charactesistif the roadway and interactions
between adjacent driveways and blocking of adjadeweéways by left turn queues.

The diagrams shown below along with dimensions shmwTlable V define the spacing
requirement.

Table V
Desirable Minimum Spacing

Roadway Classification between Driveways (Feet)

Major Arterial 250
Minor 200
Collectors 150

Diagrams

Driveway Spacing

%F

Minimun Spacing
Betvieen Driveways
{Cemierline (o
Centeriine]
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Driveway Spacing
(Off-set Drives)

Minimum Spacing
Betwern Driveways
(Centeriine to
Centerline)

7. Corner Clearance Spacing

The same guidelines provided in table V are reconuee for corner clearances whenever
feasible. Corner clearance represents the distbetveeen the corner of the intersection of
two public roadways and the next private drivew&gg drawing D-3 in Appendix). It is
important to provide enough distance between theerand the first driveway to effectively
separate conflict points and to allow drivers erfotigne to make safe maneuvers. Inadequate
corner clearance could result in high crash ratelgys and congestion. However, exception
can be made for driveways allowing only right tunmsand out with construction of
channelizing islands.

8. Spacing for Right In and Out Driveways

This guideline governs the minimum recommended isga@and corner clearance for
driveways that have non-traversable median anddsipeé at or below 45 miles per hour. A
non- traversable median restricts left turn movemseanto and out of driveways. This
guideline provides for double the number of rightand right out access points that are
allowed when left turns into and out of driveways permitted.

9. Sight Distance
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Sight distance at intersections. Minimum sightahse shall be provided at each intersection
by providing an area free of trees, shrubs, andssay other obstructions greater than two
feet in height as measured from the elevation atettlge of pavement. This area shall be
determined by constructing two overlapping triasgdech that the long leg of each triangle
is measured along the adjacent edge of pavemente&4he short leg of each is measured
along the adjacent edge of pavement 15 feet, anbythotenuse is constructed to connect the
two legs, thus forming an intersecting area to iarfrae of obstructions.

Code of General Ordinances. 1967, & 31.26: ord 41498, 3-30-73: Ord. No. 58616, 6-19-
86: Ord. No. 970384, & A, 5-8-97: Ord. No. 80233,,73-27, 03)

The sight distance required for the motorist teelyafjain access to the major roadway is
based on the time required for vehicles to makeftaol right turn from the driveway to the
major street. The time to execute the maneuvebsased on recommendations contained in
NCHRP Report 383, Intersection Sight Distance. @lis¢éances for a two lane roadway are
distances traveled at the arterial speed during&ts. For left turn the time is increased by .5
seconds for each additional lane to be crossed. A¢eHTO Green Book, Chapter 9
intersections for adjustments due to grades grehter 3% and design vehicles other than
passenger cars.

10. Operation of Driveways Providing Access to Loadg Docks

Off street loading or unloading space must be pledifor hotels, hospitals and institutional

building, offices and business or commercial bagddcontaining 3,000 or more square feet
of gross floor area. Each off-street loading oroading space, including maneuvering area,
unless otherwise adequately provided for, shalbbated and adequately maintained on the
premises of the use to be served.

The minimum size of each space shall be as follows:

a. For small trucks such as pickup trucks:
14 feet by 30 feet with a 15 foot height clearance.

b. For large trucks, including tractor-trailer units:
14 feet by 60 feet, with a 15 foot height clearance
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11. Check List of Items to be Provided for DrivewayApproval

Checklist of Items to be Provided for Driveway Appioval

Name of Development

Name of Developer

Name of Consultant and or Contract Engineer

Scales site plan

Corner Clearance Spacing if applicable

Spacing between adjacent and offset driveways

Driveway width

Median width if applicable

O |00 |N O (01|~ W (N |-

Driveway corner curb radi

=
o

Angle of crossing for skew intersections

[ —
[ —

Driveway and street grade

=
N

Throat Length

=
w

Sight Triangle

14

Intersection sight distance to turn right and &fing with a comparison wit
AASHTO requirements

15

Stopping sight distance available along with a cangon with AASHTO
requirements

16

Need for turn lanes (Turn lane warrant analyased on MoDOT guidelines

17

Morning and Evening Peak Hour traffic volumes

18

On street parking removal in private propertyevehapplicable

19

Signage installation in private property wheppleable

20

A scales site plan showing turning paths ofdasign vehicle

21

Location of gates for access controlled drivesvay
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12. Drawing D-3
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SECTION C. TRAFFIC SIGNAL MAINTENANCE

PART |- INTRODUCTION

Traffic signals maintenance mission is to maintaaffic signal equipment and installation to
fully serve its designed purpose, extend the egeigis useful life and reduce the overall cost of
maintenance. These goals are achieved througlougarmaintenance programs such as
Preventive Maintenance (PM), upgrades, emergeng\semeduled repairs.

Traffic signals maintenance uses Manual on Unifénaific Control Devices as reference guide
for implementation of control devices. The repdithee equipment requires knowledge and skill
of electronics, electrical and use of various hand power tools. The installation peripheries
such as pedestal and mast arm poles, and thetinfrage, requires equipment and machinery
for light construction work. The examples are bfickets van, crane to lift poles, and digging
and dirt moving machines. In addition to repairsafiic Signals Maintenance Section is
responsible, when the workload and resources aflmwemoval and installation of traffic signal
equipment or other control devices.

Traffic Signal Maintenance has created a priorlgssification to respond or schedule repairs.
There are five priority classifications as desdlilie this manual. Service (repair) requests are
generated internally and from the public. Traffignal dispatch receives trouble calls from
public and dispatch a technician for repair. In&request are generated by supervisors or other
sections within the department.

This manual is divided into two sections: Prior{fyassifications and Repairs. Classification
section defines types of problem for each classeige repair requirement, and the approximate
time of repair. Repair section briefly describes Hrea or the equipment subject to repair and
type of the repair. It also lists the common labEgquipment, the material requirement and an
approximate time of repair.

PART Il —PRIORITY CLASSIFICATION SECTION
A. Class |

Description: urgent response requires; no delay in dispatckinegproblem, expected

arrival by service employee within one-hour of mepto dispatcher. Technician to

proceed directly to location unless handling otkiass | call en route. Please see
examples of work in section. Examples are: All-Obtashing during peak period;

Multiple indication; Knock-Down; Signal Head TurneBed Light Out; Green Lens

Door Open; Very Rapid Cycling; Blanking Out; Corlieo Door open; Cable Cut;

Service Level
a. Type: Emergency
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b. Cycle: N/A
c. Total time, Avg.: 15 min. — 8 hours (includes reparerification, work zone
takedown, loading, cleaning, documentation, etc.)

Labor
a. Traffic Signal Technician 1-2
b. Maintenance Repairer (as required) 1-2

Procedure

Traffic Signal Technician:

a. Receives the trouble call assignment from dispatcsupervisor;

b. Proceeds to the assigned location;

c. Verifies and confirms the problem,;

d. Begins troubleshooting

e. After resolution or bringing the installation to safe operation; fills out the
maintenance card and the service log.
Makes additional notes if the installation needdo up work, and informs the
super-visor before leaving the location.

g. Proceeds to the next assignment.

-

Equipment
a. Lift/Platform Vehicle
b. Various other vehicles equipment as required

Material
a. Traffic signal equipment and parts

Daily Production
a. Average 5 - 15 per day

B. Class Il

Description: prompt response required; no undue delay in dibpag the problem;
expected arrival by service employee within twonsoaf report. Technician to clear any
Class | calls first unless within immediate area@lass Il. Examples are: “Don’t Walk”
out; Yellow Out, door open, lens missing; Green;Qeit turn or protected right turn
green or yellow arrow out; “WALK” out; on flash ather than peak traffic hours; slow
cycling or “maxing out” if activated intersectiopgdestrian push button not working;
head turned or leaning away from traffic; indicagopartly visible (turned 20 — 45);
signals flickering or dimming noticeably; replace reinstall missing, broken or loose
pull box cover (barricade if left open)
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Service Level

a. Type: Emergency

b. Cycle: N/A

c. Total time, Avg.: 15 min. — 8 hours (includes nepaerification, work zone
takedown, loading, cleaning, documentation, etc.)

Labor
a. Traffic Signal Technician 1-2
b. Maintenance Repairer (as required) 1-2

Procedure

Traffic Signal Technician:

Receives the trouble call assignment from dispatch supervisor

Proceeds to the assigned location

Verifies and confirms the problem

Begins troubleshooting

After resolution or bringing the installation to safe operation; fills out the
maintenance card and the service log.

Makes additional notes if the installation needdo up work, and informs the
super-visor

g. Before leaving the location.

h. Proceeds to the next assignment.

®op o

-

Equipment
a. Lift/Platform Vehicle
b. Various other vehicles equipment as required

Material
a. Traffic signal equipment and parts

Daily Production
a. Average 5 — 15 per day

C. Class llI
Description: reasonable response required usually within sangeoflaeport; may be
held-over, but for no longer than two working day{samples are out-of-step (not

synchronized) or operating on wrong dial for tinfeday; signal head turned slightly or
partly obscured (less than 20); not flashing nightsekends or holidays as schedule;
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tune or reset vehicle detector; Secure loose ppig,wire, external conduit, etc.; locate
cable for utilities or contractors (notify superiscycling.

Service Level

Type: Emergency

a. Cycle: N/A

b. Total time, Avg.: 15 min. — 8 hours (includes nepaerification, work zone
takedown, loading, cleaning, documentation, etc.)

Labor
a. Traffic Signal Technician 1-2
b. Maintenance Repairer (as required) 1-2

Procedure

Traffic Signal Technician:

Receives the trouble call assignment from dispatcnsupervisor;

Proceeds to the assigned location;

Verifies and confirms the problem;

Begins troubleshooting after resolution or brimgithe installation to a safe
operation;

Fills out the maintenance card and the service log;

Makes additional notes if the installation needdoW up work, and informs the
supervisor before leaving the location.

g. Proceeds to the next assignment.

Equipment

a. Lift/Platform Vehicle

b. Various other vehicles equipment as required

apop

P ¢))

Material
a. Traffic signal equipment and parts

Daily Production
a. Average 5— 15 perday Effective Date

D. Class IV

Description: Scheduled Maintenance Work. Examples are: rewsmg or programs;

remove, relocate, reinstall or replace signal egeipt due to construction; modify signal
indications such as replacing, adding or removiagds for sections; installing new or
replacement cable, conduit, pull boxes, etc; repalricle detection loops; install new
base, controller pad, pull box, conduit; instalivner replacement controllers or back-
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panels; visor loose or missing; re-set/reinstallaee clocks; replace missing hand-hole
cover.

Service Level

Type: Scheduled

a. Cycle: N/A

b. Total time, Avg.: N/A

Labor
a. Traffic Signal Technician 1-2
b. Maintenance Repairer (as required) 1-2

Equipment
a. Lift Van
b. Various other vehicles equipment as required

Material
a. Traffic signal equipment and parts

Daily Production
n/a

E. Class V

Description: continuous, revolving maintenance tasks. Exammes preventative
maintenance inspections; conflict monitor testirgystematic re-lamping and lens
cleaning; signal painting; field inventory; benchbnk:.

Service Level
a. Type: Scheduled
b. Cycle: N/A
c. Total time, Avg.:

Labor

a. Traffic Signal Technician 1-2

b. Maintenance Repairer (as required) 1-2
Equipment

a. Lift Van

b. Various other vehicles equipment as required

Material
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Traffic signal equipment and parts
Daily Production

PART IlI- REPAIRS AND PROCEDURES SECTION

A. Controller Preventative Maintenance (PM)

1. Electromechanical Controller

Description: the purpose of Electromechanical Controller prévenmaintenance is to
keep the equipment functioning properly, reducairegost, and/or extend the equipment
useful life; and maintain public safety. Electromaugical Controller PM includes the
controller cabinet and its contents.

Service Level

a.

b
c
d.
e

Type: Continuous

. ClassV
. Cycle: 12 months

Response Time 15 — 45 min. (travel time plus prepar and setup at the site)

. Avg. Time.: 1 - 6 hours (includes repair, verificat, work zone takedown, loading,

cleaning, documentation, etc.)

Labor

a.

Traffic Signal Technician

Procedure

a.

b.

o

S3—rxTTS@oa

Survey the intersection, inspect for deficiencidamages, adjustments, and make
notes.

Attend emergency repairs.

Inspect cabinet mounting, door seal, circuit bredi@x, doors conduits to cabinet,
and all locks.

Lube the locks and hinges

Inspect all wire insulations, terminals, and corios.

Check field wire assignments

Clean cabinet and remove debris

Clean deck, contacts and moving parts

Clean dial contacts and drum shaft

Adjust gear mesh

Replace defective parts or units

Check all daily operations: all dials, transfemased, selector switch, clock, etc.

. Check CAM break-out against paper work

Check dial key placement against paper work ; and
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Make sure all paper work is up to date: CAM break-diming; intersection print;
clock program; timing; back panel and deck priatsj maintenance card.

Note if the Blue book is missing

Note voltage and current readings

Complete all controller repairs or note for schedyl

Make proper notes in the Maintenance Card

Survey and inspect the installation for: damagadpygent; rust in mast arm pole and
controller cabinet and the attached meter and ititceaker boxes; push button and
operation; missing parts (visor, hand hole covar| pox lid, etc.); unlevel or
damaged pull boxes; leaning poles; damaged baggs| fiead height; signal heads
out of aim and louver alignment; broken conduitspkien lens; smudged lens;
dimmed indications; partially out LED indicatioremd any other defects.

u. Note all finding on your report for scheduling. ffra Signal Supervisor schedules
the repair crew performs the repair under supergsbrection.

o

-0 SQD

Equipment
a. Lift/Platform Vehicle

Material
a. Traffic signal parts

Daily Production
Avg. 1 — 3 traffic signal controllers

2. Electronic Controller

Description: the purpose of Electronic Controller preventiveintenance is to keep the
equipment functioning properly, reduce repair casig/or extend the equipment useful
life; and maintain public safety. Electronic Cotiigo PM includes the controller cabinet,
modules, and other devices in the cabinet.

Service Level

a. Type: Continuous

b. Class V

c. Cycle: 12 months

d. Response Time: 15 — 45 min. (travel time plus pregan and setup at the site)

e. Avg. Time.: 1 - 4 hours (includes repair, verificat, work zone takedown, loading,
cleaning, documentation, etc.)

Labor
a. Traffic Signal Technician
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Procedure

a.

b.

o

~sa@moa

©o=3

<cc-o0saQ

Survey the intersection, inspect for deficiencidamages, adjustments, and make
notes.

Attend emergency repairs.

Inspect cabinet mounting, door seal, circuit breddax, doors, conduits to cabinet,
and all locks.

Lube the locks and hinges

Inspect all wire insulations, terminals, and cortioes.

Check field wire assignments

Clean cabinet and remove debris

Vacuum the cabinet

Check module assignments and operation: load switetector; dc & ac isolator;
Opticom; flasher; etc.

Replace defective parts or units

Check thermostat for proper setting; it shouldlm®bver 100° F

Mid autumn install and/or inspect heat lamp opergtiuse 69 watts bulb; keep it
away from wiring.

. Check the timing data — use laptop for software piavides the option

Check the clock

Check detection settings — use monitor for vidgecteon module

Make sure all paper work is up to date: timingeragection print; clock program; and
maintenance card; and any other pertinent papek wor

Note if the Blue book is missing

Note voltage and current readings

Complete controller repairs

Note repairs outside the controller PM scope foiescling

Make proper notes in Maintenance Card

Survey and inspect the installation for: damagadpegent; rust in mast arm pole and
controller cabinet and the attached meter and itiboeaker boxes; push button and
operation; missing parts (visor, hand hole coverl pox lid, etc.); unlevel or
damaged pull boxes; leaning poles; damaged baggsil iead height; signal heads
out of aim and louver alignment; broken conduitspkien lens; smudged lens;
dimmed indications; partially out LED indicatioremd any other defects.

Note all finding on your report for scheduling. ffi@ Signal Supervisor schedules
the repair crew performs the repair under superg@shrection

Equipment

a.

Lift/Platform Vehicle
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Material

a.

Traffic signal parts as needed

Daily Production
Avg. 1 — 3 traffic signal controllers

B. Intersection Preventative Maintenance

1. Survey for Deficiencies

Description: the survey generates a list of items that needirrepeplacement, or
removal because of an unsafe condition, wear, task of use. It helps to keep the
equipment functioning properly; reduce repair castl/or extend the equipment useful
life; and maintain public safety.

Service Level

a. Type: Continuous
b. ClassV

C.
d
e

Cycle: N/A

. Response Time 15 — 45 min. (travel time plus pr@r and setup at the site)
. Avg. Time: 1 - 4 hours (includes repair, verificatj work zone takedown, loading,

cleaning, documentation, etc.)

Labor

a.
b.

Traffic Signal Technician x1
Traffic Signal Supervisor x1

Procedure

a.

b.

Supervisor commonly visits the site to determine kibor and equipment, and to
prepare procedure for the type of work.

Survey and inspect the installation for: damagadpygent; rust in mast arm pole and
controller cabinet and the attached meter and ititceaker boxes; push button and
operation; missing parts (visor, hand hole covar| pox lid, etc.); unlevel or
damaged pull boxes; leaning poles; damaged baggs| fiead height; signal heads
out of aim and louver alignment; broken conduitspkien lens; smudged lens;
dimmed indications; partially out LED indicatioremd any other defects.

Note all finding on your report for scheduling TraiSignal Supervisor schedules the
repair crew performs the repair under supervisdirsction.

Equipment

a.

Lift/Platform Vehicle
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b. Vehicle

Material
a. Traffic signal parts

Daily Production
Average of 1 — 3 per day

. Repairs

Description: the purpose of Intersection Preventive Maintenasde repair, replace, or
remove peripheral signal equipment to maintainitiséallation’s safety, efficiency, and
aesthetic. Inter-section PM includes peripheralimgent such as poles, heads, cables,
push buttons, and under-ground structures suchlbbgx and conduits.

Service Level

Type: Continuous

a. ClassV

b. Cycle: N/A

c. Response Time: 45 — 90 min. (travel time plus arafion and setup at the site)

d. Avg. Time: 4 — 48 hours (includes repair, verifioat work zone takedown, loading,
cleaning, documentation, etc.)

Labor
a. Maintenance Repairer: 2 -3
b. Traffic Signal Technician x1*
*for tasks with that requires a technician’s leskils

Procedure

Supervisor assigns the repairs to appropriate. S#dff makes the necessary preparation;
moves to the site; sets up work zone; and perfohnesepairs in accordance with:
Supervisor’s instructions

MUTCD, Manual on Traffic Control Devices

TSS-500B, Traffic Signal Specifications

NEC, National Electrical Code

TCD-0-2 through TCD-0-6, Traffic Signal

SR-1, Street Cut Restoration; and

Other pertaining standards and practices

Survey and inspect the installation for: damagadpygent; rust in mast arm pole and
controller cabinet and the attached meter and ititceaker boxes; push button and
operation; missing parts (visor, hand hole covar| pox lid, etc.); unlevel or

Se@meo0oTy
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damaged pull boxes; leaning poles; damaged baggsil iead height; signal heads
out of aim and louver alignment; broken conduitspkien lens; smudged lens;
dimmed indications; partially out LED indicatioremd any other defects.

i. Note all finding on your report for scheduling. ffra Signal Supervisor schedules
the repair crew performs the repair under superg@shrection

Equipment
n/a

Material
a. Traffic signal parts

Daily Production
Average of 1 per day — 1 per 6 days

C. Re-lamping

Description: Re-lamping is a preventive maintenance measusdinttnate insufficient
brightness and reduce the chance of indicationgeut®e-lamping helps to reduced
maintenance cost, risk to motorist and the pubiie:lamping includes lens cleaning.
Lens cleaning may be assigned as a separate task.

Service Level

Type: Continuous

Class V

Cycle: 36 months

Response Time: 15 — 45 min. (travel time plus p&an and setup at the site)

Avg. Time: 15 -30 minutes (includes repair, veation, work zone takedown,
loading, cleaning, documentation, etc.)

PO T

Labor
a. Traffic Signal Technician: 1

Procedure

a. Set up work zone

b. Inspect the LED for brightness and manufacturing da

c. Replace LED indications when it is older than 4rgeéhe indication is dim; has lost
LED string(s); or the lens is damaged.

d. Replace incandescent bulbs
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e. Make necessary repairs to the signal head; eglaaes broken or missing visors,
doors or housing

f. Survey and inspect the installation for: damagedpaqgent; rust in mast arm pole and
controller cabinet and the attached meter and ititceaker boxes; push button and
operation; missing parts (visor, hand hole covar| pox lid, etc.); unlevel or
damaged pull boxes; leaning poles; damaged baggsi| fiead height; signal heads
out of aim and louver alignment; broken conduitspkien lens; smudged lens;
dimmed indications; partially out LED indicatioremd any other defects.

g. Note all finding on your report for scheduling. ffla Signal Supervisor schedules
the repair crew performs the repair under superg@sbrection

Equipment
a. Lift/Platform Vehicle

Material

LED indications, various colors
Incandescent lamp, various wattages
Lens

Visor

apop

Daily Production
a. 2 -3 locations

D. CONFLICT MONITOR TESTING AND EXCHANGE

Description: Conflict Monitor (Monitor) is a critical componerdf a traffic signal
electronic controller. It requires periodical tegtito ensure it functions as intended and
configured. This PM measure is to minimize the mskhe device failure. In general,
preventive maintenance helps to keep the equipfectioning properly; reduce repair
cost and/or extend the equipment useful life; aathtain public safety.

Service Level

Type: continuous

Class V

Cycle: 12 months

Total time Avg.: 4 hours (includes repair, verificm, work zone takedown, loading,
cleaning, documentation, etc.)

apop

Labor
a. Senior Electronics Technician (SET)
b. Traffic Signal Technician
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Procedure

A Senior Electronics Technician performs the folilogs.

a. Tests Monitors in the signal lab;

b. Makes repairs if needed;

c. Continues the testing until accumulates 15-20 Mwsitthat have passed the test
successfully;

d. Informs a supervisor to schedule the exchangeeotasted units with the units in the

field;

Traffic Signal Supervisor schedules a signal tedhanito:

Exchange the Monitor;

Return the exchanged Monitor from field to sigradd.|

Repeat the above steps until all Monitors in seraie tested.

Survey and inspect the installation for: damagadpygent; rust in mast arm pole and

controller cabinet and the attached meter and ititceaker boxes; push button and

operation; missing parts (visor, hand hole covar| pox lid, etc.); unlevel or

damaged pull boxes; leaning poles; damaged baggsi| fiead height; signal heads

out of aim and louver alignment; broken conduitspkien lens; smudged lens;

dimmed indications; partially out LED indicatioremd any other defects.

J.  Note all finding on your report for scheduling. i@ Signal Supervisor schedules
the repair crew performs the repair under superg@sbrection

—sQ o

Equipment
a. PCMT-2600 Conflict Monitor tester
b. Various other test and repair equipment, as negessa

Material
a. Various electrical & electronics components, asegsary

E. BASE REPAIR
1. Pedestal Base - Type C

Description: Type C base is for traffic signals pedestal pokdllation. The base is a
concrete block of approximately 3 ft in length &ftix 2ft width on each side on the top
(TCD-0-3). Four anchor bolts to secure the pedgsild and a ground rod to arrest the
lightening discharges are embedded in the conaileteg the length; a PVC conduit
connects the base to a signal controller through @nmore pull boxes. The base is
constructed in a hole of a minimum depth of 3 fthe ground and using WA629 -1/2 — 2
concrete mix.

136



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

Service Level

Type: Scheduled

Class IV

Cycle: N/A

Total time, Avg.: 4 hours — 3 days (includes repagrification, work zone takedown,
loading, cleaning, documentation, etc.)

apop

Labor
a. Maintenance Repairer 2
b. Maintenance Supervisor (time divided proportionateghong the projects)

Procedure
a. Traffic signal standard TCD-0-3 and practices fepair or installation of Type C
Base.

Equipment
a. Various construction tools and equipment
b. Vehicle

Material
a. Concrete, anchor bolt, PVC conduit, ground rod,staction aggregate material,
grass seed

Daily Production
a. Average1l-2

. Mast Arm Base - Type B

Description: Type B base is for traffic signal mast-arm paoistallation. To construct
the base a 36 inch hole with a depth (5ft — 12Brapriate to the size of the arm is
drilled into the ground; steel circular and vertibars reinforces the concrete structure; a
PVC conduit connects the base from the top to twroller through one or more pull
boxes. Four anchor bolts to secure the mast-arre pald a ground rod to arrest
lightening discharges are embedded in the concadbeg the length. The base
construction uses WA629-2-1/2 concrete mix.

Service Level

a. Type: Scheduled
b. Class IV
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c. Cycle: N/A

d. Total time, Avg.: 1 — 7 days (includes repair, fieation, work zone takedown,
loading, cleaning, documentation, etc.)

Labor

a. Maintenance Repairer 2 — 3

b. Maintenance Supervisor (spent pro-portion to tlogegt)

Procedure
a. Traffic signal standard TCD-0-3 and practices fepair or installation of Type B
Bases.

Equipment
a. various construction tools and equipment

Material
a. Concrete, anchor bolt, reinforce bars, ground RMC conduit, anchor bolts frame,
construction aggregate material, grass seed

Daily Production
a. Average 1 per5—7 days

F. UNDERGROUND CONDUIT RESTORATION

Description: The underground conduits are buried at minimun24finch depth and
connects traffic signal controller to signal polpsdestal or mast-arm, through a series of
pull boxes. Two methods are used to install unaengd conduits: trenchless and open
trench. If the installation re-quires open trenghithe surface is restored in compliance
with SR-1 .

Service Level

Type: Scheduled

a. Class IV

b. Cycle: N/A

c. Total time, Avg.: 8 hours — 7 days (includes repearification, work zone takedown,
loading, cleaning, documentation, etc.)

Labor

a. Maintenance Repairer 2 — 3

b. Maintenance Supervisor (spent pro-portion to tlogegt)
c. Traffic signal standard TSS-500B
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Equipment
a. various construction tools and equipment

Material
a. Concrete, Asphalt, PVC conduit, grass seed

Daily Production
a. Average 1 per 4 hours — 3 days

G. PULL BOX REPAIR AND INSTALLATION

Description: The function of pull box is to facilitate pullirend storing a length of cable
for maintenance through conduits. Installation ¢yg@cal traffic signal pull box requires
a hole in the ground with the dimensions of apprately a minimum of 50 inches in
depth and a diameter proportionate to the pull bog & lid, approximately 30 — 40
inches.

Service Level

Type: Scheduled

a. Class IV

b. Cycle: N/A

c. Total time, Avg.: 4 hours — 3 days (includes reparification, work zone takedown,
loading, cleaning, documentation, etc.)

Labor
a. Maintenance Repairer 2 — 3
b. Maintenance Supervisor (spent pro-portion to tlogegt)

Procedure
a. Traffic signal standard TCD-0-3, TSS-500B and pcast for repair or installation of
Type B Bases.

Equipment
a. various construction tools and equipment

Material
a. Pull box ring and lid, corrugated tube, bricks, stoaction aggregate material,
insulation foam, grass seed

Daily Production
a. Average 1 per 4 hours — 3 days
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H. CONTROLLER PAD: REPAIR AND INSTALLATION

Description Controller pad is commonly is a concrete strucingtalled in the ground.
Traffic signal controller sits on the pad and iswsed by a pair of anchor bolts that are
embedded in the concrete. A series of conduit idadly connects the controller to
power and field equipment. See TCD-0-3 for constoncdetails.

Service Level

Type: Scheduled

a. Class IV

b. Cycle: N/A

c. Total time, Avg.: 4 hours — 3 days (includes reparification, work zone takedown,
loading, cleaning, documentation, etc.)

Labor

a. Maintenance Repairer 2 — 3

b. Maintenance Supervisor (spent pro-portion to tlogegt)
c. Repair as directed

d. Install per traffic signal TCD-0-3

Equipment

a. Various construction tools and equipment

Material

a. Concrete, anchor bolt, PVC conduit, ground rodsgseed

Daily Production
a. Average 1 per 4 hours — 3 days

|. REMOVALS: TRAFFIC SIGNAL EQUIPMENT AND STRUCTUR ES
Description: Removal of traffic signal equipment or entire ailsttion takes place when:
the equipment poses a safety risk; the installatioes not meet part or all of warrants;
the equipment is at the end of its useful life ahduld be replaced; an upgrade provide
an improvement.

Service Level
Type: Scheduled
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a. Class IV

b. Cycle: N/A

c. Total time, Avg.: 6 hours — 6 days (includes repagrification, work zone takedown,
loading, cleaning, documentation, etc.)

Labor

a. Maintenance Repairer 2 — 3

b. Maintenance Supervisor (spent pro-portion to tlogegt)

Procedure

The following steps are for removal of the entirstallation:

a. Turn power off

b. Remove equipment, i.e. poles, pull boxes, cabatet,

c. Remove at least 2 feet from the top of the mastizases

d. Remove ‘C' Type Bases

e. Remove controller pad

f.  Fill cavities

g. Restore the surfaces with matching material ancbraing to SR-1 standard

Equipment
a. Various construction tools and equipment

Material
a. Concrete, Asphalt, construction aggregate matefid| grass seed

Daily Production
a. Average 1 per 6 hours — 6 days

J. UPGRADE/NEW INSTALLATION: TRAFFIC SIGNALS

Description: Traffic signal equipment upgrades are generallynprove efficiency or to
comply with MUTCD requirements. There are also remance reasons such as
discontinued parts or services by vendors and naatwiers. New installations are
constructed to meet traffic demands and to prosafety to public and motorist.

Service Level

a. Type: Scheduled

b. Class IV

c. Cycle: N/A

d. Total time, Avg.: 1 day — 28 days (includes repagrification, work zone takedown,
loading, cleaning, documentation, etc.)
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Labor

Maintenance Repairer 2 — 3

Traffic Signal Technician

Traffic Signal Supervisor

Maintenance Supervisor (spent pro-portion to tlogegot)

apop

Procedure
a. Upgrade: upgrade an existing installation per design coating to MUTCD, TSS-
500B and applicable City and Public Works guidedine

b. New Installation: construct per design according to MUTCD, TSS-50aid
applicable City and Public Works guidelines.

Equipment
a. Various construction tools and equipment

Material
a. Traffic signal equipment and parts, concrete, aspbanstruction aggregate material,
dirt, grass seed

Daily Production
a. Average 1 per 6 hours — 6 days

K. LOCK OUT/TAG OUT PROCEDURES: TRAFFIC SIGNALS

When necessary, City of Kansas City follows thend#&md lock out-tag out safety
principals in traffic signal maintenance. The stepgins with shutting off power to the
worksite and making the shutoff device inaccessigil the precaution becomes
unnecessary and the power is restored.

142



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

PART IV- STANDARD DETAILS SECTION

A. SR-1
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B. TCD-0-3
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SECTION D. SIGNING

PART |- PROGRAM DESCRIPTION

The City of Kansas City’s Sign Maintenance Seci®mnesponsible for over 100,000 signs and
supports within the city Limits of Kansas City, Mauri.

The Sign Maintenance Section follows and compliék @l Federal Regulations and guidelines
as set forth in the Manual of Uniformed Traffic @ah Devices. Details provided in the Manual
of Uniformed Traffic Control Devices will not bedarporated into this manual.

The purpose of this section of the manual is tdirmiprocedures for the all City of Kansas City,
Missouri owned signs.

Request for Service

Request for service are generated by severalemtiti

a.
b.

C.
d.

Sub-District sweeps by City Sign crews.

Citizen Assistance through:

1) City's 311 Center

2) Direct calls to Traffic Operation Service Center
3) Calls to other City Departments

Observations from other City Departments

Traffic Operations, Traffic Engineering Section

Scheduling

All work requests are prioritized according to efithed criteria.

a.

® oo

Damaged or Missing Right-Of-Way Control Signs

1) Stop

2) Yield

3) One Way Arrow

4) Do Not Enter

5) Emergency Detours and Closures

6) Any sign or support interfering or causing a safagcern with pedestrian and/or
motorized traffic.

Emergency No Parking Installations

New Traffic Regulations by Ordinance

Re-Installation of missing or damaged signs/supgp@egulatory Signs)

Re-Installation of missing or damaged signs/sugp@tvisory Signs)
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f. Re-Installation of missing or damaged signs/supp@uide Signs)

g. Relocation or Exchanges (All Signs except chang&saffic Regulations)
h. Exchanging Aged Signs

i. Special Projects not outline above

Installation times

The following installation times are established aonrrespond with our priority schedule:

a. Damaged or Missing Right-Of-Way Control Signs (atlgh f) 4 hours

b. Emergency No Parking Regulations DaRefuest
c. New Traffic Regulation By Ordinance 2 weeks

d. Re-Installation of Missing/Damaged (all signs) 3 to 4 weeks

e. Relocation or Exchange 4 to 6 weeks
f. Exchanges of Aged Signs 3 to 6 weeks
g. Special Projects 1 day to &kee

Investigations

All public concerns are checked within 48 hourswhich time the crew either writes a work
order, reports concern as unfounded or request méwemation concerning request. Any
request reported as unfound is checked again hypangsor and if citizen information is

included the requester is contacted. Request fae mdormation are also handled by the
supervisor, generally this request concerns typggof that was at location or footage for re-
installation.

Damaged or missing right-of way control signs

It is a standing policy that we respond within 4teto any damaged or missing right-of-
way control sign once we are made aware of thel@nobThe majority of these calls come
through the City 311 Center.

All other signs and supports that may cause a Hawapedestrian or motorized traffic are
also responded to within 4 hours once we are madeesof the problem.

Emergency no parking regulations

Emergency no parking signs are installed by eitherentity that requires the restriction or
through the City’s Sign Department for special &as.
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New traffic regulations by ordinance

Work orders are provided in ordinance packages fimaffic Operation’s Engineering
Section and are assigned to crews for installadiothe fabrication shop for manufacturing.
Once made the request are assigned to crews falation.

Reinstallation of Missing or damaged sign/supports
(Regulatory, Warning, Guide signs)

Work is assigned out for investigation (if reporteyl outside entity) or assigned to crew (if
self generated) for repair or replacement. If icsip@ is needed, a list of parts and/or repairs
is generated to ensure crews have the proper ralardren responding to the request.

Relocation or exchange of signs/supports

Work is assigned to crew for installation or fahtion shop for manufacturing. Once made
the request are assigned to crews for installation.

Aged signs

Signs that have faded from aging are assignedetwo twr installation or fabrication shop for
manufacturing. Once made the work is assignedeww<for installation.

Special projects

The majority of our special projects require fahtion of needed signs. After signs are made
crews are assigned project.

Fabrication shop

All signs used by the Traffic Operations Sign Smttare manufactured in the Sign Shop.
Signs are made two ways, they are screened inritikey are made completely of vinyl.
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PART Il- SIGN INSTALLATION AND MAINTENANCE WORK
ACTIVITY PROCEDURES

A. 200A Repair Sign Knockdown (Emergency

Description:

This activity is for replacing emergency statusisignissing from standards, utility poles and
overhead mast arms. The purpose of this activitg igrovide regulatory, informational and
guidance signs for the safe and efficient flowrafftc.

Labor: Equipment: Material:
Equipment Operator Cargo or Platform Truck Variauss/bolts and washers
Maintenance Worker Banding and brackets

Sign(s) if needed

Work Procedures: Note these work procedures are péosrmed after initial
investigations.

a. Notification is made to closest crew to reportrigpair of sign.

Upon arrival crew notifies dispatch of location amgdates time sheet with location
and arrival time.

o

Establishes work zone using cones at the backlo€hee
Visual observation is made to confirm the signrigper for the location.
Sign is installed ensuring that proper placemedtlaight requirements are followed.

~ ® o o0

Work order is signed and time sheet is completthy all materials used.

Area is cleared of any debris and cones are piaked

° «Q

Notification to dispatch of completion of job angadlability for other work.

Crew reports back to scheduled work or to next geray call.
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B. 200B Repair Sign Knockdown (Non Emergency and &et Name)

Description:

This activity is for replacing non-emergency/streaime signs missing from standards, utility
poles and overhead mast arms. The purpose of tiigitya is to provide regulatory,
informational and guidance signs for the safe dhdient flow of traffic

Labor: Equipment: Material:
Equipment Operator Cargo or Platform Truck Variauss/bolt and washers
Maintenance Worker Banding and bracket

Sign(s) if needed

Work Procedures: Note these work procedures are péosrmed after initial
investigations.
a. Crew receives daily assignments from General Sugmzabor Leader.

b. Equipment Operator performs vehicle inspection @hahads standards.

c. Maintenance Worker secures all signs for dailygmssent and re-stocks emergency
signs used the previous day.

d. Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.

e. Upon arrival crew notifies dispatch of location amgtates time sheet with location
and arrival time.

o

Establishes work zone using cones at the backlothe
Visual observation is made to confirm the signrger for the location.

S«

Sign is installed ensuring that proper placemedtlaight requirements are followed.

Work order is signed and time sheet is complettthfj all materials used.
J. Area s cleared of any debris and cones are piaked

k. Notification to dispatch of completion of job andadability for other work.
I. Crew reports to next scheduled location.
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C. 201A Repair Standard Knockdown (Emergency)

Description:

This activity is for replacing emergency status dged standards. The purpose of this
activity is to provide proper placement of regutgtdnformational and guidance signs for
the safe and efficient flow of traffic.

Labor: Equipment: Material:

Equipment Operator Cargo Truck Square tubingot@2’ standard

Maintenance Worker Concrete Core Drill Squarengld’ or 3’ base
Cutting Torch Various bolts, nuts and washers

Concrete Mix

Work Procedures: Note these work procedures are péosrmed after initial
investigations

a. Notifies closest crew to report for repair of stardi

b. Upon arrival crew notifies dispatch of location amgdates time sheet with location
and arrival time.

c. Establishes work zone using cones at the backlothe

d. Determination is made for replacement of base.

e. If in soil - (a). If base is not damaged then neandard is installed into base and
bolted.(b). If base is damaged then base is remameldnew base is installed then
new standard is installed into base and bolted.

f. If in concrete — (a). If base is not damaged thew standard is installed into base
and bolted. (b). If base is damaged then attempiaide to remove base. (ba). If base
can be removed, replacement is made in the exeatiém of old base. (bb). If base
cannot be removed then base is cut at surface amdim below surface and area is
capped with concrete. New hole is drilled as closeapped area as possible and base
is installed.

Sign(s) are removed from damaged standard andlatsian new standard ensuring
that proper placement and height requirementsadiened.

Work order is signed and time sheet is complettthfj all materials used.

Area is cleared of any debris and cones are piaked

Crew reports back to scheduled work or to next geray call.

R S
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D. 201B Repair Standard Knockdown (Non-Emergency ah Street Name)

Description:

This activity is for replacing non-emergency/streaine damaged standards. The purpose of
this activity is to provide proper placement of ukgory, informational and guidance signs
for the safe and efficient flow of traffic.

Labor: Equipment: Material:

Equipment Operator Cargo Truck Square tubingot@2’ standard

Maintenance Worker Concrete Core Drill Squarertgld’ or 3’ base
Cutting Torch Various bolts, nuts and washers

Concrete Mix

Work Procedures: Note these work procedures are péosrmed after initial
investigations.
a. Crew receives daily assignments from General Sugmzabor Leader.
b. Equipment Operator performs vehicle inspection @hahads standards.
c. Maintenance Worker secures all signs for dailygmssent and re-stocks emergency
signs used the previous day.
d. Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.
e. Upon arrival crew notifies dispatch of location amgtates time sheet with location
and arrival time.
f. Establishes work zone using cones at the backlothee
g. Determination is made for replacement of base.
h. If in soil —

1) If base is not damaged then new standard is iadtaito base and bolted.

2) If base is damaged then base is removed and nee ibagsstalled then new
standard is installed into base and bolted.

i. If in concrete —

1) If base is not damaged then new standard is iadtaito base and bolted.

2) If base is damaged then attempt is made to remase. b

3) If base can be removed, replacement is made iaxhet location of old base.

4) If base cannot be removed then base is cut atceugad bent in below surface
capping area with concrete. New hole is drille¢lase to capped area as possible
and base is installed.

J. Sign(s) are removed from damaged standard andletstan new standard ensuring
that proper placement and height requirementsadlieaned.

1) Work order is signed and time sheet is completahg all materials used.

2) Areais cleared of any debris and cones are pioked

3) Crew reports to next scheduled location.
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E. 202 Replace Sign -Age

Description:

This activity is for replacing deteriorated sigfi$ie purpose of this activity is to provide
placement of regulatory, informational and guidasigms for the safe and efficient flow of
traffic. In accordance with MUTCD, Chapter 2A, Sent2A.22.

Labor: Equipment: Material:
Equipment Operator Cargo Truck Sign(s)
Maintenance Worker Cutting Torch Various boltstsrand washers

Banding and brackets

Work Procedures: Note these work procedures are péosrmed after initial
investigations.

a. Crew receives daily assignments from General Sugmzabor Leader.

b. Equipment Operator performs vehicle inspection @hahads standards.

c. Maintenance Worker secures all signs for dailygmssent and re-stocks emergency

signs used the previous day.

d. Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.
Upon arrival crew notifies dispatch of location amgdates time sheet with location
and arrival time.
Establishes work zone using cones at the backlothee
Visual observation is made to confirm the signriger for the location.
Sign is installed ensuring that proper placemedtlaight requirements are followed.
Work order is signed and time sheet is complettthfj all materials used.
Area is cleared of any debris and cones are piaked
Notification to dispatch of completion of job angadlability for other work.
I. Crew reports to next scheduled location.

@
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F. 203 Replace Standard — Age

Description:

This activity is for replacing old standards. Thapgose of this activity is to ensure proper
placement is maintained of regulatory, informatioaad guidance signs for the safe and
efficient flow of traffic.

Labor: Equipment: Material:

Equipment Operator Cargo Truck Square tubingot@2’ standard

Maintenance Worker Concrete Core Drill Squarengld’ or 3’ base
Cutting Torch Various bolts, nuts and washers

Concrete Mix

Work Procedures: Note these work procedures are péosrmed after initial
investigations.
a. Crew receives daily assignments from General Sugmzabor Leader.

b. Equipment Operator performs vehicle inspection r@hahads standards.

c. Maintenance Worker secures all signs for dailygassent and re-stocks emergency
signs used the previous day.

d. Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.

e. Upon arrival crew notifies dispatch of location amgdates time sheet with location
and arrival time.

f. Establishes work zone using cones at the backlothe
g. Round Standard in soil —

1) Using proper tools remove post and break off cdedeaving concrete in hole.
Refill hole with soil and place new standard bdssecto area.

2) If post cannot be removed dig area around postbsloface grade and cut post
off. Bent in end of post and level area off andcplaew standard base close to
area.

h. Round Standard in concrete —

1) Using proper tools remove post from area. Usingesémle in concrete install
new standard base.

2) If post cannot be removed cut post at surface amt m below surface and
capping area with concrete. New hole is drille¢lase to capped area as possible
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and new standard base is installed.

Square Tubing in soil — Using proper tools remaamdard and base and install new
standard and base.

Square tubing in concrete —
1) If base can be removed; replacement is made iaxaet location of old base.

2) If base cannot be removed then base is cut atcsugfad bent in below surface
capping area with concrete. New hole is drille¢lase to capped area as possible
and base is installed.

. Sign(s) are removed from old standard and instadledhew standard ensuring that
proper placement and height requirements are feltbw

Work order is signed and time sheet is complettthfj all materials used.
. Area is cleared of any debris and cones are piaked
. Crew reports to next scheduled location.
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G. 204 Maintenance Sign — Vandalism

Description:

This activity is for repairing or replacing sigratthave been defaced through vandalism. The
purpose of this activity is to provide clear messa@f regulatory, informational and
guidance signs for the safe and efficient flowrafftc.

Labor: Equipment: Material:
Equipment Operator Cargo Truck Graffiti remov@alag/s or wipes
Maintenance Worker New Sign (if needed)

Work Procedures: Note these work procedures are péosrmed after initial
investigations.
a. Crew receives daily assignments from General Sugmzabor Leader.

b. Equipment Operator performs vehicle inspection @hahads standards.

c. Maintenance Worker secures all signs for dailygassent and re-stocks emergency
signs used the previous day.

d. Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.

e. Upon arrival crew notifies dispatch of location amgdates time sheet with location
and arrival time.

f. Establishes work zone using cones at the backlothe

g. Attempt is made to remove graffiti with chemicalm@ver. If unsuccessful or
vandalism is not graffiti; damaged sign is remoged new sign is placed at location.

h. Sign, if needed, is installed ensuring that prgdacement and height requirements
are followed.

i. Work order is signed and time sheet is completahg all materials used.
J. Areais cleared of any debris and cones are piaked

k. Notification to dispatch of completion of job andadability for other work.
I.  Crew reports to next scheduled location.

157



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

H. 205 Replace — Change Regulation

Description:
This activity is for changes in regulations in retgato signage. The purpose of this activity
is to provide clear message of regulatory signshfersafe and efficient flow of traffic.

Labor: Equipment: Material:
Equipment Operator Cargo Truck Sign(s)
Maintenance Worker

Work Procedures: Note these work procedures are péosrmed after initial
investigations.
a. Crew receives daily assignments from General Sugmzabor Leader.

b. Equipment Operator performs vehicle inspection @hahads standards.

c. Maintenance Worker secures all signs for dailygassent and re-stocks emergency
signs used the previous day.

d. Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.

e. Upon arrival crew notifies dispatch of location amgdates time sheet with location
and arrival time.

f. Establishes work zone using cones at the backlothe
g. Visual observation is made to confirm the signrisper for the location.

h. Old regulation sign is removed and new sign isaihesti ensuring that proper
placement and height requirements are followed.

i. Work order is signed and time sheet is complettthfj all materials used.
J. Area s cleared of any debris and cones are piaked

k. Notification to dispatch of completion of job andagability for other work.
I.  Crew reports to next scheduled location.
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I. 206 New Installation

Description:
This activity is for installing new signs. The pogg of this activity is to provide placement
of regulatory, informational and guidance signstfar safe and efficient flow of traffic.

Labor: Equipment: Material:
Equipment Operator Cargo Truck Square tubingot@2’ standard
Maintenance Worker Concrete Core Drill Squarengld’ or 3’ base

Various bolts, nuts and washers
Banding and brackets
Concrete Mix

Work Procedures: Note these work procedures are péosrmed after initial
investigations.

a. Crew receives daily assignments from General Sugmzabor Leader.
b. Equipment Operator performs vehicle inspection @hahads standards.

c. Maintenance Worker secures all signs for dailygmssent and re-stocks emergency
signs used the previous day.

d. Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.

e. Upon arrival crew notifies dispatch of location amgtates time sheet with location
and arrival time.

f. Establishes work zone using cones at the backlothe
g. Visual observation is made to confirm the signrigper for the location.

h. Determination is made concerning placement on e&Risting standard/pole or new
standard.

i. Existing post or standard - sign is installed emguthat proper placement and height
requirements are followed.

j. New area — installation of standard is made thgn i installed ensuring that proper
placement and height requirements are followed.

k. Work order is signed and time sheet is completahg all materials used.
I. Areais cleared of any debris and cones are piaked

m. Notification to dispatch of completion of job andadability for other work.
n. Crew reports to next scheduled location.
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J. 207 Relocate — Distance Move

Description:

This activity is for relocating signage to correegulation requirement or provide better sight
distance. The purpose of this activity is to previgroper placement of regulatory,
informational and guidance signs for the safe dhdient flow of traffic.

Labor: Equipment: Material:

Equipment Operator Cargo Truck Square tubingot@2’ standard

Maintenance Worker Concrete Core Dirill Squarertgl®’ or 3’ base
Cutting Torch Various bolts, nuts and washers

Banding and brackets
Concrete Mix

Work Procedures: Note these work procedures are péosrmed after initial
investigations.
a. Crew receives daily assignments from General Sugmabor Leader.

b. Equipment Operator performs vehicle inspection r@hahads standards.

c. Maintenance Worker secures all signs for dailygassent and re-stocks emergency
signs used the previous day.

d. Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.

e. Upon arrival crew notifies dispatch of location amgbates time sheet with location
and arrival time.

f. Establishes work zone using cones at the backlothee
g. Round Standard in soil —

1) Using proper tools remove post and break off cdedeaving concrete in hole.
Refill hole with soil and place new standard bdssecto area.

2) If post cannot be removed dig area around postbsloface grade and cut post
off. Bent in end of post and level area off andcplaew standard base close to
area.

h. Round Standard in concrete —
1) Using proper tools remove post from area.

2) If post cannot be removed cut post at surface amt m below surface and
capping area with concrete.
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I. Square Tubing in soil — Using proper tools remaeaadard and base.

j. Installation of standard is made using originahdtad when possible ensuring that
proper placement and height requirements are feitbw

k. Work order is signed and time sheet is completahg all materials used.
I. Areais cleared of any debris and cones are piaked

m. Notification to dispatch of completion of job andadability for other work.
n. Crew reports to next scheduled location.

K. 208 Removal

Description:

This activity is for removing signage to correctanges in regulation requirement or to
eliminate un-warranted signs due to system changs. purpose of this activity is to
provide proper placement of regulatory, informatiband guidance signs for the safe and
efficient flow of traffic.

Labor: Equipment: Material:

Equipment Operator Cargo Truck Concrete

Maintenance Worker Cutting Torch

Work Procedures: Note these work procedures are péosrmed after initial
investigations.
a. Crew receives daily assignments from General Sugmzabor Leader.

b. Equipment Operator performs vehicle inspection @hahads standards.

c. Maintenance Worker secures all signs for dailygmssent and re-stocks emergency
signs used the previous day.

d. Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.

e. Upon arrival crew notifies dispatch of location amgtates time sheet with location
and arrival time.

f. Establishes work zone using cones at the backlothee
g. Round Standard in soil —

1) Using proper tools remove post and break off cdecieaving concrete in hole.
Refill hole with soil.

2) If post cannot be removed dig area around postbsloface grade and cut post
off. Bent in end of post and level area off.
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Round Standard in concrete — (a) Using proper te@steove post from area.

1) If post cannot be removed cut post at surface amt m below surface and
capping area with concrete.

Square Tubing in soil — Using proper tools remaeadard and base.
Square tubing in concrete —
1) Using proper tools remove post from area.

2) If post cannot be removed cut post at surface amt m below surface and
capping area with concrete.

Sign is removed from post and inspected for damage.
Work order is signed and time sheet is completthl all materials used.

. Area is cleared of any debris and cones are piaked

Notification to dispatch of completion of job angadlability for other work.
Crew reports to next scheduled.
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L. 209 Hardware

Description:

This activity is for repairing hardware problemdieTpurpose of this activity is to provide
proper placement of regulatory, informational angdgnce signs for the safe and efficient
flow of traffic.

Labor: Equipment: Material:
Equipment Operator Cargo Truck Various boltssrartd washers
Maintenance Worker Banding and brackets

Work Procedures:
a. Crew receives daily assignments from General Sugmzabor Leader.

b. Equipment Operator performs vehicle inspection @hahads standards.

c. Maintenance Worker secures all signs for dailygmssent and re-stocks emergency
signs used the previous day.

d. Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.

e. Upon arrival crew notifies dispatch of location amgdates time sheet with location
and arrival time.

o

Establishes work zone using cones at the backlothe
Replacement or adjustments of bolts/nuts or banaliagnade.

S Q@

Work order is signed and time sheet is completthl all materials used.

Area is cleared of any debris and cones are piaked
j.  Notification to dispatch of completion of job andadability for other work.
k. Crew reports to next scheduled location.
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PART IlI- SIGN FABRICATION WORK ACTIVITY PROCEDURES

A. 210 Type set and Plotter Cut (vinyl)

Description:

This activity is for using a computer program anayV plotter to design and cut symbols,
numbering and words for handmade vinyl signs alitg negatives for screening of signs,
in accordance with MUTCD standards.

Labor: Equipment: Material:
Sign Fabricator Vinyl Rolls (Various Colors)

Work Procedures:
a. Work request are received from Area Superintend@&etneral Supervisor and/or
Labor Leader.

b. Work is prioritized using present standards.

1) Signs in Stock

2) 311 Request

3) Regulation

4) Citizen/Field Observation(Crews)

Time sheet is filled in with proper code and stamie.

Work is then grouped according to color of vinytlareed for screening.
Database is checked to see if sign is in system.

~ ® o o0

Work is checked for proper spelling and design.
Single color vinyl is loaded into plotter.

° «Q

Design is loaded on computer screen and re-cheftkedorrect symbols, spelling,
numbering and wording.

Design is uploaded to plotter using correct blagesgure and speed for vinyl type.
J. Repeat steps 7 and 8 for all signs of loaded cotoi.
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Next color vinyl is loaded onto plotter and stepshibugh 9 are repeated until all
requests have been cut.

Sheeting is then cut into individual signs.

. Area is cleared of all waste.

Total footage of sheeting and number of messagetteg! is listed on time sheet
along with completion time.

B. 211 Vinyl Weeding

Description:
This activity is for the removal of excess vinybiin plotted sheeting’s.

Labor:

Equipment: Material:

Sign Fabricator Release Tape

Work Procedures:

a.
b.

Time sheet is filled in with proper code and stamie.
Sheeting’s are divided using priority standards.
1) 311 Request

2) Engineering Request

3) Citizen/Field Observations

Using utility-knife excess vinyl is removed from esiing’s leaving required
symbol(s), lettering and/or wording.

Message re-checked to confirm proper message.
Sheeting is covered in release tape and restacked.
Area is cleaned of all waste.

Total number of sheeting’'s weeded are listed ore tgheet along with completion
time.
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C. 212 Panel Backing Cutting

Description:
This activity is for the cutting of reflective shawg for placement onto aluminum/poly-plate
panels, in accordance with MUTCD standards.

Labor: Equipment: Material:
Sign Fabricator Sheeting Support Roller SheetimgIsR(Various sizes and
reflectivity)

Work Procedures:

a. Time sheet is filled in with proper code and stianie.
Proper reflective sheeting is retrieved from steragea.
Sheeting is attached to roller bar.

Using proper sized panel, panel is placed on tagheéting.
Using utility knife sheeting is cut around panetlatacked.

-~ ® o0 T

Process is repeated until all sheeting needed.s cu
Area is cleaned of all waste.

Total footage of sheeting and number of backgroupeiserated is listed on time
sheet along with completion time.

J «
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D. 213 Panel Backing/Screened Sheeting Application

Description:
This activity is for the application of reflectigheeting on aluminum/poly-plate panels.

Labor:

Equipment: Material:

Sign Fabricator Roller Table Sheeting Rolls

(Various sizes and refleity)

Work Procedures:

a.
b.

=~ 0o o o
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Time sheet is filled in with proper code and staie.

Proper background/screened sheeting and paneteleeted and assembled at roller
table.

Panel and sheeting is placed in roller area.

Sheeting is aligned with panel to prevent any paneh from being seen.

Roller is lowered at proper pressure setting.

Edge of sheeting is raised to peel paper backidgah

Roller is cranked to compress exposed sheetingrelp

Other edge of sheeting is raised and paper backiregnoved.

Roller is cranked in opposite direction to compreggsosed sheeting to panel.
Panel is cranked from roller and roller is raisedrfext panel/sheeting application.
Process is repeated until all panels needed aeredyv

Panels are trimmed of excess sheeting and stacked.

. Screened signs are placed into stock.

Area is cleaned of all waste.

Total number of covered panels generated is lisiadtime sheet along with
completion time.
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E. 214 Vinyl Message Application

Description:
This activity is for the application of vinyl meggs on pre-applied reflective sheeting
aluminum/poly-plate panels, in accordance with MUDI'Sfandards.

Labor: Equipment: Material:
Sign Fabricator Roller Table

Work Procedures:

a. Time sheet is filled in with proper code and stemie.
Proper vinyl messages and panels are collectedssembled at roller table.
Panel and sheeting is placed in roller area.
Sheeting is aligned with panel to prevent any paneh from being seen.
Roller is lowered at proper pressure setting.

-~ ® o0 T

Edge of sheeting is raised to peel paper backidgah
Roller is cranked to compress exposed sheetingrelp

= Q

Other edge of sheeting is raised and paper backirggnoved.
Roller is cranked in opposite direction to compregsosed sheeting to panel.

j. Panelis cranked from roller and roller is raisedrfext panel/sheeting application.
k. Process is repeated until all panels needed aeredv

I. Release tape is removed from sign and stacked.

m. Area is cleaned of all waste.

n. Total number of completed signs is listed on titneet along with completion time.
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F. 215 Sign Screening

Description:
This activity is for the screening of ink onto esftive/non-reflective sheeting, in accordance
with MUTCD standards.

Labor: Equipment: Material:
Sign Fabricator Vacuum Frame Exposure Unit VariGokored Inks
Screening Table Screen Frames
Drying Racks Screens
Emulsions

Work Procedures:
a. Time sheet is filled in with proper code and stanie.

Screen Preparation:
a. Correct sized frame is selected for message.
b. Screen is checked for defects or wear and replhcedtded.
c. Coat screen with emulsion and allow to dry

Screen Replacement: (if needed)
a. Old frame cord and screen is removed from frame.
b. New screen and frame cord is cut to size.
c. Screen is stretched across frame and held in plabdrame cord.

Shooting Negative:
a. Correct sized frame is selected for message.
b. Screen is checked for defects in emulsion coating.
c. Negative is placed on vacuum exposure unit.
d. Frame is positioned onto negative.
e

. Exposure unit lid is closed and vacuum unit is édgrion securing both negative and
frame in place.

f. Lighting unit on exposure table is turned on fomei specified by emulsion
manufacturer.

g. Screen and negative are removed from exposure unit.
h. Negative is returned to storage drawer.
i. Screen is washed to remove inactivated emulsiorafioded to dry.
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Screening Sign/Sheeting:

a.
b.

Screening frame with proper message is securedsenéening table.

Blocking is positioned to allow panels/sheetingbto placed into same location for
each sign.

c. Panel/sheeting is moved into work station.

d. Proper sized squeegee is selected and attachedotoatic table or placed into work

@
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area (manual table).

Ink is prepared according to manufacturer spedibos.

Sample sheeting is placed on table and screen fialoeered.

Ink is applied to either side of screen.

Single pass is made, applying ink to sample sheet.

Sheet is inspected for flaws and corrections argenta blocking/frame.

Panel/Sheeting application is started using supplpre-sheeted panels or pre-cut
sheeting.

Panel/sheeting is placed in blocked area of taidefeame is lowered.
Single pass is made, applying ink to panel/sheeting

. Frame is raised and inked panel/sheeting is remfyeedtable

Panel/sheeting is placed on drying rack.
Ink is added to screening area as needed.
Steps 11 through 15 are repeated for remaininglg/aheeting.

Cleaning Screen:

a.

®© a0 o

Using squeegee, excess ink is removed from screenreturned to container.
Container is returned to storage.

DPM is applied to screen to remove ink residue.

Paper towels are used to remove the ink and DPM &areen.
Towels are allowed to air dry before disposal.

Screen is allowed to air dry, and then returnestdoage.

Removing Negative from Screen:

a.

Dry screen is coated with bleach.
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Screen is allowed to stand with bleach for 10 nesut

Hot water is sprayed onto screen removing emulaiahbleach.
Cleaned screen is allowed to air dry, and therrmetlito stock.
Area is cleaned of all waste.

-~ ® o0 T

Total number of completed signs is listed on titneet along with completion time.

G. 216 Stocking

Description:
This activity is for maintaining a stock of highrover signs.

Labor: Equipment: Material:
Sign Fabricator

Work Procedures:
a. Daily inspections of stocked signs are made.

b. Signs approaching minimum levels are schedulegifoduction. (see attached Sign
Stock)

c. Signs are produced using proper work procedures.
d. Signs are placed in appropriate storage bins.
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Sign Stock

Quantity | MUTCD Description

MIN

75 |R1-1 Stop

50 R1-2 Yield

30 R6-1R One Way Right

30 R6-1L One Way Left

25 R5-1 Do Not Enter

25 R4-8 Keep Right "Universal"

30 R2-1 Speed Limit (without speed numbers)

30 R12-1 Weight Limit (without limit numbers)

45 W1-8 Chevron

25 W3-1 Stop Ahead

30 W11-2 Pedestrian Crossing

15 W16-7p | Supplemental Plaque (Down Arrow)

15 W16-9p | Supplemental Plaqgue (Ahead)

25 W14-2 No Outlet

30 W13-1 Advisory Speed Plaque (without speed numbers)

40 S1-1 School Crossing

20 W16-9p | Supplemental Plaque (Ahead)

20 W16-7p | Supplemental Plaque (Down Arrow)

25 S5-1 School Speed Limit (without speed numbers)

10 each Various Parking Regulations
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SECTION E. PAVEMENT MARKINGS

PART |- PROGRAM DESCRIPTION

The City of Kansas City's Street Marking Sectiorasponsible for maintenance of all roadway
pavement markings within the city Limits of Kangaisy, Missouri.

The Street Marking Section follows and complieshwatl Federal Regulations and guidelines as
set forth in the Manual of Uniformed Traffic Contidevices. Details provided in the Manual of
Uniformed Traffic Control Devices will not be inqmrated into this manual.

The purpose of this section of the manual is tdirmeiprocedures maintenance of street markings
for the City of Kansas City, Missouri.

Request for service
Request for service are generated by severalestiti
a. Sub-District sweeps by City Sign crews.

b. Citizen Assistance through:

1) City's 311 Center

2) Direct calls to Traffic Operation Service Center
3) Calls to other City Departments

Observations from other City Departments

d. Traffic Operations, Traffic Engineering Section

o

Scheduling
All work requests are prioritized according to efithed criteria.
a. Program Schedule

b. Request Area
c. Marking Eradication
d. Hand Markings

Installation times
The following installation times are established aonrrespond with our priority schedule:
a. Program Schedule/Requested Areas

b. Marking Eradication
c. Special Markings

Investigations
All public concerns are checked within 48 hourswhiich time the crew either writes a work
order, reports concern as unfounded or request mfmenation concerning request. Any
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request reported as unfound/more information camegrrequest are checked again by a
supervisor and if citizen information is includéxtrequester is contacted.

Program schedule/requested areas

Program schedule is a complete listing of all $&restheduled to repainting (minus any
sections scheduled for overlay). Requested areashacked against program scheduled and
completed in the order of the program schedulenallo

Pavement marking eradication

Marking Eradication is the removal of street magsirat any locations where engineering
staff determines that markings are no longer neediedse can be longitudinal (Double

Yellow solid and skips, White lane divider, whitgge lines, extensions through intersections
and lane reduction markings) and special (Speedpblunransverse, stop and vyield,

crosswalk, parking space and pavement word and alymiarkings.

Special markings

Special markings include all hand markings and t@peold thermo installations, including
but not limited to speed humps, transverse, stapyaeld bars, crosswalks, parking spaces
and pavement word and symbols.
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PART II- PAVEMENT MARKING INSTALLATION AND
MAINTENANCE WORK ACTIVITY PROCEDURES

A. 220 Long Line Marking — Longitudinal Pavement Makings

Description:

This activity is for the installation and maintewarof longitudinal pavement markings (double
yellow, white skips and edge lines) along the roaglwof Kansas City, Missouri, in accordance
with MUTCD standards.

Labor: Equipment: Material:

Equipment Operator x4 Striping Truck Yellow Wateme Paint

Senior Equipment Operator Crew cab pickup White¢aNerne Paint
Chalk Line Crayon

Tape Measurer

Work Procedures: Note these work procedures are pé&rmed after initial
investigations.

Crew receives daily assignments from General Sigmv$enior Operator.

Striper Driver (Equipment Operator) performs vedhicispection of drive unit.

Gun Operator’s (Equipment Operator x2) performpéasion of painting units.

Backup Driver(s) (Equipment Operator/Senior Opedateerforms inspection of

backup truck(s).

e. Truck is loaded with beads, white and yellow pavetmr@aint. (See Striping Unit
Procedures)

f. Weekly test markings are made in yard to confirm gettings for proper spacing,
width and mil thickness. Adjustments are made dassary.

g. Following schedule crews report to first locatiorddollows schedule throughout the
day.

h. Upon arrival striper driver notifies dispatch ot#tion, striper operator and backup
operators updates their time sheets with locatiwhaarival time.

i. Striper driver using laser beam or carriage malikes vehicle up with established
lines or temporary markings.

J.  Gun Operator’s adjust paint guns on top of old nmgyk or temporary markings.

k. Driving speed of 12 mph is maintained during strgpoperation.

I.  Backup Driver(s) position vehicle(s) in manner wchoff traffic for 3 to 5 minute
drying time.

m. Marking operations begin.

apop
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n. Backup Driver measures at beginning of stripingrapen and several times during
operation to insure correct stripe width and spaci@orrections are made if
necessary.

0. After scheduled area is completed notification edento dispatch and time sheets are
updated.

p. Crew reports to next scheduled location.

B. 221 Transverse Markings - Stop Bars
Description:

This activity is for the installation and mainteganof transverse pavement markings (Stop
Bars) along the roadways of Kansas City, Missanraccordance with MUTCD standards.

Labor: Equipment: Material:
Equipment Operator Crew Cab Pickup White Chldada&Rubber Paint
Maintenance Worker Roller Covers Cold Thermo

Chalk Line Pavement Tape

Tape Measurer Crayon

Rollers and Sticks

Torch/Propane

Weighted Roller
Broom/Power Blower
Pavement Scratcher

Work Procedures: Note these work procedures are pé&rmed after initial

investigations.

Crew receives daily assignment from General Superigenior Operator.

Equipment Operator performs vehicle inspection.

Maintenance Worker secures paint, cones and matrial and tools.

Following daily schedule crew reports to first éidtlocation and follows schedule

throughout the day.

e. Upon arrival crew notifies dispatch of location amgdates time sheet with location
and arrival time.

f. Establishes work zone using cones to shift trafticof work area.

g. Inspection is made to determine if measuring argbgimg new chalk line is needed.

apop

Paint:

Location is checked for old tape and removed.

Paint is checked for even distribution of pigmearts re-mixed if necessary.
Painting of stop bar begins.

After secured area is painted, traffic remainsetb® area until paint dries to touch.

apop
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e. Work zone is then moved to next lane needing ser painting continues.
f. After all legs of painting are completed, a secoadting is started.

Cold Thermo:
a. Location is checked for old tape and removed.
b. Thermo tape sections are placed on top of previbesno or paint and a torch is
used to heat the thermo according to manufactuseesifications.

Tape:
a. Location is ground to eradicate any old tape, tlemn paint. If grooving tape,
grinding is done to 1/8” below surface and 2” witlezn tape.
b. Location is either blown out using a yard powemso or washed.
c. If washed then area is left to dry and marking cw@s the next day.

All Types:
a. After scheduled area is completed notification edento dispatch and time sheets are
updated
Work order is signed and time sheet is completthl all materials used.
Area is cleared of any debris and cones are piaked
Notification to dispatch of completion of job angadlability for other work.
Crew reports to next scheduled location

coooT

C. 222 Transverse Markings — Crosswalks

Description:
This activity is for the installation and mainteoanof transverse pavement markings

(Crosswalks) along the roadways of Kansas City,sblisi, in accordance with MUTCD
standards.

Labor: Equipment: Material:
Equipment Operator Crew Cab Pickup White Chldeda&Rubber Paint
Maintenance Worker Roller Covers Cold Thermo

Chalk Line Pavement Tape

Tape Measurer Crayon

Rollers and Sticks

Torch/Propane

Weighted Roller
Broom/Power Blower
Pavement Scratcher

177



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

Work Procedures: Note these work procedures are pé&rmed after initial

investigations.

Crew receives daily assignment from General Superigenior Operator.

Equipment Operator performs vehicle inspection.

Maintenance Worker secures paint, cones and matrial and tools.

Following daily schedule crew reports to first éidtlocation and follows schedule

throughout the day.

e. Upon arrival crew notifies dispatch of location amgtates time sheet with location
and arrival time.

f. Establishes work zone using cones to shift trafticof work area.

g. Inspection is made to determine if measuring amgbgimg new chalk line is needed.

apop

Paint:
a. Location is checked for old tape and removed.
b. Paint is checked for even distribution of pigmeats re-mixed if necessary.
c. Painting of crosswalks begins.
d. After secured area is painted, traffic remainsetb® area until paint dries to touch.
e. Work zone is then moved to next lane needing sem painting continues.
f. After all legs of painting are completed, a secoadting is started.

Cold Thermo:
a. Location is checked for old tape and removed.
b. Thermo tape sections are placed on top of previbesno or paint and a torch is
used to heat the thermo according to manufactuspesifications.

Tape:
a. Location is ground to eradicate any old tape, tlemn paint. If grooving tape,
grinding is done to 1/8” below surface and 2” witlezn tape.
b. Location is either blown out using a yard powema@o or washed.
c. If washed then area is left to dry and marking cw@s the next day.

All Types:
a. After scheduled area is completed notification edento dispatch and time sheets are
updated
Work order is signed and time sheet is complettthfj all materials used.
Area is cleared of any debris and cones are piaked
Notification to dispatch of completion of job angadlability for other work.
Crew reports to next scheduled location.

©cooo
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D. 223 Transverse Markings — Arrows, Bus Lane Symbs and Words

Description:

This activity is for the installation and maintegarof transverse pavement markings (arrows,
bus lane symbols and words) along the roadwaysaosKs City, Missouri, in accordance with
MUTCD standards.

Labor: Equipment: Material:
Equipment Operator Crew Cab Pickup White Chldeda&Rubber Paint
Maintenance Worker Roller Covers Cold Thermo

Chalk Line Pavement Tape

Tape Measurer Crayon

Rollers and Sticks

Torch/Propane

Weighted Roller
Broom/Power Blower
Pavement Scratcher

Work Procedures: Note these work procedures are pé&rmed after initial

investigations.

Crew receives daily assignment from General Superigenior Operator.

Equipment Operator performs vehicle inspection.

Maintenance Worker secures paint, cones and migterial and tools.

Following daily schedule crew reports to first éidtlocation and follows schedule

throughout the day.

e. Upon arrival crew notifies dispatch of location amadates time sheet with location
and arrival time.

f. Establishes work zone using cones to shift trafticof work area.

g. Inspection is made to determine if measuring amgbgimg new chalk line is needed.

apop

Paint:
a. Location is checked for old tape and removed.
b. Paintis checked for even distribution of pigmeans re-mixed if necessary.
c. Painting of arrows, bus lane symbols and/or wordiegins.
d. After secured area is painted, traffic remainseibt® area until paint dries to touch.
e. Work zone is then moved to next lane needing seramnd painting continues.
f.  After all legs of painting are completed, a secoadting is started.

Cold Thermo:
a. Location is checked for old tape and removed.
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b. Thermo tape sections are placed on top of previbesno or paint and a torch is
used to heat the thermo according to manufactuspesifications.

Tape:
a. Location is ground to eradicate any old tape, tlemn paint. If grooving tape,
grinding is done to 1/8” below surface and 2” witlezn tape.
b. Location is either blown out using a yard powema@o or washed.
c. If washed then area is left to dry and marking tw@s the next day.

All Types:
a. After scheduled area is completed notification edento dispatch and time sheets are
updated
Work order is signed and time sheet is complettthfj all materials used.
Area is cleared of any debris and cones are piaked
Notification to dispatch of completion of job angadlability for other work.
Crew reports to next scheduled location

caoo

180



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

E. 224 Hash/Chevron Taper Markings

Description:
This activity is for the installation and maintesanof Hash/Chevrons and Tapers along the
roadways of Kansas City, Missouri, in accordandd WUTCD standards.

Labor: Equipment: Material:
Equipment Operator Crew Cab Pickup White Chldada&Rubber Paint
Maintenance Worker Roller Covers Cold Thermo

Chalk Line Pavement Tape

Tape Measurer Crayon

Rollers and Sticks

Torch/Propane

Weighted Roller
Broom/Power Blower
Pavement Scratcher

Work Procedures: Note these work procedures are pé&rmed after initial

investigations.

Crew receives daily assignment from General Superigenior Operator.

Equipment Operator performs vehicle inspection.

Maintenance Worker secures paint, cones and matrial and tools.

Following daily schedule crew reports to first éidtlocation and follows schedule

throughout the day.

e. Upon arrival crew notifies dispatch of location amgdates time sheet with location
and arrival time.

f. Establishes work zone using cones to shift trafticof work area.

g. Inspection is made to determine if measuring argbgimg new chalk line is needed.

apop

Paint:
a. Location is checked for old tape and removed.
b. Paint is checked for even distribution of pigmeants re-mixed if necessary.
c. Painting of hash/chevron and/or tapers begins.
d. After secured area is painted, traffic remainsetb® area until paint dries to touch.
e. Work zone is then moved to next lane needing sem painting continues.
f. After all legs of painting are completed, a secoadting is started.

Cold Thermo:
a. Location is checked for old tape and removed.
b. Thermo tape sections are placed on top of previbesno or paint and a torch is
used to heat the thermo according to manufactuspesifications
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Tape:
a. Location is ground to eradicate any old tape, tlemn paint. If grooving tape,
grinding is done to 1/8” below surface and 2” witlezn tape.
b. Location is either blown out using a yard powema@o or washed.
c. If washed then area is left to dry and marking rw@s the next day.

All Types:
a. After scheduled area is completed notification edento dispatch and time sheets are
updated
Work order is signed and time sheet is complettthfj all materials used.
Area is cleared of any debris and cones are piaked
Notification to dispatch of completion of job angadlability for other work.
Crew reports to next scheduled location

©caoo
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F. 225 Speed Humps

Description:
This activity is for the installation and maintesanof Speed Hump Markings along the
roadways of Kansas City, Missouri, in accordandaa WMUTCD standards.

Labor: Equipment: Material:
Equipment Operator Crew Cab Pickup White Chldeda&Rubber Paint
Maintenance Worker Roller Covers Cold Thermo

Chalk Line Pavement Tape

Tape Measurer Crayon

Rollers and Sticks

Torch/Propane

Weighted Roller
Broom/Power Blower
Pavement Scratcher

Work Procedures: Note these work procedures are pé&rmed after initial

investigations.

Crew receives daily assignment from General Superigenior Operator.

Equipment Operator performs vehicle inspection.

Maintenance Worker secures paint, cones and migterial and tools.

Following daily schedule crew reports to first éidtlocation and follows schedule

throughout the day.

e. Upon arrival crew notifies dispatch of location amadates time sheet with location
and arrival time.

f. Establishes work zone using cones to shift trafticof work area.

g. Inspection is made to determine if measuring amgbgimg new chalk line is needed.

apop

Paint:

Location is checked for old tape and removed.

Paint is checked for even distribution of pigmears re-mixed if necessary.
Painting of speed humps begins.

After secured area is painted, traffic remainsetb® area until paint dries to touch.
Work zone is then moved to next lane needing serma painting continues.

After all legs of painting are completed, a secoadting is started.

~oooow

Cold Thermo:
a. Location is checked for old tape and removed.
b. Thermo tape sections are placed on top of previbesno or paint and a torch is
used to heat the thermo according to manufactusgesifications.
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Tape:
a. Location is ground to eradicate any old tape, tlemn paint. If grooving tape,
grinding is done to 1/8” below surface and 2” witlezn tape.
b. Location is either blown out using a yard powema@o or washed.
c. If washed then area is left to dry and marking cw@s the next day.

All Types:
a. After scheduled area is completed notification edento dispatch and time sheets are
updated
Work order is signed and time sheet is complettthfj all materials used.
Area is cleared of any debris and cones are piaked
Notification to dispatch of completion of job angadlability for other work.
Crew reports to next scheduled location

caoo
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G. 226 Parking Stalls

Description:
This activity is for the installation and maintesanof Parking Stall Markings along the
roadways and on city owned property of Kansas GAigsouri.

Labor: Equipment: Material:
Equipment Operator Crew Cab Pickup White Chldeda&Rubber Paint
Maintenance Worker Roller Covers Cold Thermo

Chalk Line Pavement Tape

Tape Measurer Crayon

Rollers and Sticks

Torch/Propane

Weighted Roller
Broom/Power Blower
Pavement Scratcher

Work Procedures: Note these work procedures are pé&rmed after initial

investigations.

Crew receives daily assignment from General Superigenior Operator.

Equipment Operator performs vehicle inspection.

Maintenance Worker secures paint, cones and migterial and tools.

Following daily schedule crew reports to first éidtlocation and follows schedule

throughout the day.

e. Upon arrival crew notifies dispatch of location amadates time sheet with location
and arrival time.

f. Establishes work zone using cones to shift trafticof work area.

g. Inspection is made to determine if measuring amgbgimg new chalk line is needed.

apop

Paint:
a. Location is checked for old tape and removed.
b. Paint is checked for even distribution of pigmeantd re-mixed if necessary.
c. Painting of parking stalls begins.
d. After secured area is painted, traffic remainsetb® area until paint dries to touch.
e. Work zone is then moved to next lane needing ser painting continues.
f. After all legs of painting are completed, a secoadting is started.

Cold Thermo:
a. Location is checked for old tape and removed.
b. Thermo tape sections are placed on top of previbesno or paint and a torch is
used to heat the thermo according to manufactuseesifications.
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Tape:
a. Location is ground to eradicate any old tape, tlemn paint. If grooving tape,
grinding is done to 1/8” below surface and 2” witlezn tape.
b. Location is either blown out using a yard powema@o or washed.
c. If washed then area is left to dry and marking rw@s the next day.

All Types:
a. After scheduled area is completed notification edento dispatch and time sheets are
updated
Work order is signed and time sheet is complettthfj all materials used.
Area is cleared of any debris and cones are piaked
Notification to dispatch of completion of job angadlability for other work.
Crew reports to next scheduled location.

caoo
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H. 227 Marking Eradication

Description:
This activity is for the removal of markings in acdance with engineering request along the
roadways and on city owned property of Kansas GAigsouri.

Labor: Equipment: Material:
Equipment Operator Pickup Truck
Maintenance Worker Broom/Power Blower

Pavement Scratcher

Work Procedures: Note these work procedures are pé&rmed after initial
investigations.

apop

J.

K.

Crew receives daily assignment from General Superigenior Operator.

Equipment Operator performs vehicle inspection.

Maintenance Worker secures paint, cones and migterial and tools.

Following daily schedule crew reports to first éidtlocation and follows schedule
throughout the day.

Upon arrival crew notifies dispatch of location amabdates time sheet with location
and arrival time.

Establishes work zone using cones to shift trafticof work area.

Begin scratching operation

Use broom/power blower to keep area clear of bpilttu ensure all markings are
eradicated.

After scheduled area is completed notification edeto dispatch and time sheets are
updated

Work order is signed and time sheet is complettthfj all materials used.

Area is cleared of any debris and cones are piaked

Notification to dispatch of completion of job angadlability for other work.

m. Crew reports to next scheduled location.

187



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

SECTION F. STREET LIGHTING

PART |- INTRODUCTION

Kansas City, Missouri owns, operates, and maintawsr 95,000 streetlights and various
attachments throughout the City. Most streetlighres high pressure sodium vapor and metal
halide. Light emitting diodes (LEDs) are increagynused due to improvements in technologies
and sustainable implementations to reduce energyraintenance costs. The City’s decision to
light a roadway is made based on available fun8g&eetlights are generally installed by the
following methods:

Unlit and under lit roads are lit by requests tlytouPublic Improvements Advisory
Committee

New developments are lit by the developers

Roadway improvements are lit through Capital Impraent programs

Other projects initiated through bond issuances

The purpose of roadway, underpass, and tunnelinighs to improve daytime and nighttime
vehicular travel and safety by reducing the po#gibiof motor vehicle collisions with
pedestrians, fixed objects, or obstructions onrttaglway. Roadway lighting also improves the
pedestrian safety on properly lighted sidewalk&rgection and school crossing, etc. Quantity
of light does not necessarily indicate a good lightsystem. Quality of light does. Effective
lighting refers to the ability of the light to prole contrast between objects and background so
that motorists can detect objects in sufficientetito take evasive action. Many interrelated
factors contribute to effective lighting. Reduciggare can improve driver performance.
Reflected glare conceals some contrast differeandsshould be reduced.

Kansas City, Missouri’'s street lighting design esed on the Illluminating Engineering Society
of North America (IESNA) recommended practices.

The street lighting functions consists of desigal @atan review, construction, inspection, and
operation and maintenance.

Kansas City, Missouri’s street lighting system irpmrates various attachments including, but

not limited to, banners, automatic meter readetecommunication equipment such as fiber and

Wi-Fi access points, antennas, radios, and Sm#rteQuipment such as video cameras, sensors,
and kiosks.

The following documents not attached to this Martual are incorporated into and made a part
of this Manual by reference:
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. Section 2800 Street Lighting of Kansas City Metidpa Chapter of the American
Public Works Association, Construction & Materigbe8ification, and all applicable
KCMO Supplements

. Section 5800 Street Lighting of Kansas City Metidpa Chapter of the American
Public Works Association, and all applicable KCM@pglements

. Kansas City Metropolitan Chapter of the AmericarblRuWorks Association Standard
Drawing

4. American Association of State Highway and Transganh Officials (AASHTO)

. Attachment Ordinances and Agreements
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PART Il — LIGHTING DESIGN

Kansas City’'s street lighting design layouts sinadlet Section 5800 Street Lighting of Kansas
City Metropolitan Chapter of the American Public ¥® Association, all applicable KCMO
Supplements, and the following technical standardie following sections.

A. LIGHTING LAYOUT AND DESIGN CRITERIA

The street lighting layout shall satisfy the illurance, luminance, veiling luminance, and
pedestrian lighting horizontal illuminance standarset forth in the latest revision of the
ANSI/IES RP-8.

Photometric Calculations
All street lighting design calculations shall be deausing approved luminaires and in

accordance with the following provisions:

1. Photometric calculations shall be performed usiitg &proved lighting program such as
AGi-32 or Visual.

2. Spacing shall not exceed the calculated maximumsaadtl be uniformly re-spaced in the
case of individual field conflicts.

3. Calculations shall include values under one lumenadi a cycle only.

4. Calculations may be made on edge of pavement gsdsrihey result in a lesser or equal
spacing to the quarter lane point method set farthe latest revision of the ANSI/IES RP-
8.

5. Calculations shall be made at the maximum spaangifiy type of classification and on
any particular roadway.

6. Calculations of minimum spacing shall be made #&tsondicate range of light level and
extent of adaptation.

7. Luminance calculations shall be submitted for seetions, railroad crossings and other
conflict areas, and spacing calculations for curves

For guidance purposes, the ratio of mounting hdiglisippacing should not exceed approximately
5:1

Maintenance Factor

Maintenance factors for major high, major mediunilector high, collector medium, local high,
local medium, and industrial streets shall bet0.2ll other streets major low, collector low,
and local low shall use a maintenance factor 08.0.6

Maintenance factors for LEDs may be adjusted basedthe manufacturer’s luminaire
performance submittals.
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llluminance Multiplier and Progressive Lighting Level

Local low streets shall have an average illuminaaoge of 1.5 to 2.2 times the ANSI/IES RP-8
minimum illuminance values. All other streets $lhalve an average illuminance range of 1.2 to
2.0 times the ANSI/IES RP-8 minimum illuminanceues.

The lighting system must be progressive in natlight{ng levels of higher class intersecting
streets shall be greater.) The design will be ated#e, providing that the layouts meet or exceed
the minimum luminance values specified by the tategision of the ANSI/IES RP-8 and the
veiling luminance ratios do not exceed values d$@ecby the latest revision of the ANSI/IES
RP-8.

Intersection Lighting

The design of intersection levels shall be basexhupe sum of the actual calculated illuminance
levels on each of the street contributing to thtersection. Intersection calculations shall be
made for illuminance, luminance, and veiling lunmoa for each typical intersection. Any
variations in the geometry of the intersection Juding “T”, offset intersections, etc. shall be
calculated individually.

Pole Layout

There shall be no staggered spacing or randomigtédcstaggered streetlights other than at
intersections in accordance with the latest remisb the ANSI/IES RP-8; provided, however;
that the intersecting streets shall have stregfligim one side only of their respective streets,
except where it is necessary to have lights in nloae three corners to meet the latest revision
of the ANSI/IES RP-8. Staggered lighting may Hdevaéd in unique circumstances and must be
approved by the City Engineer. All pole spacingensions shall be shown on the lighting
layout.

Pole Configuration

Roadways less than 48 ft. in width shall be designéh single-sided spacing while roadways
greater than 48 ft. shall be designed with oppemitess spacing. Where utilities conflicts exist,
a single-sided layout for widths over 48 ft. may ge¥mitted when pre-approved by the City
under special circumstances.

Pole Setback

The pole setback is the distance from the edgbepavement to the centerline of the pole. In
no case shall the pole be placed on private prppelidcking a sidewalk, or on a paved shoulder.
Pole layouts shall comply with all ADA requirements

Improved roadways shall maintain a minimum 3 ftbaek. Where adequate parkway space is

available, higher setbacks are preferred (with éorigacket arms). Un-improved roadways shall
maintain a minimum 6 ft. setback behind the edgeasement.
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Sidewalk Lighting

Calculations shall be based on actual location sind of sidewalk. Where a portion of the
sidewalk is close to the curb, the lighting shall affect spacing for the entire block. The levels
shall meet or exceed the latest revision of the KIES RP-8 levels for pedestrian sidewalk
lighting levels.

Uniformity
The City states that the uniformity of pole spadmegxtremely important not only for consistent
uniform pavement luminance, but also for the visaygbearance of the street lighting system in
both daytime and nighttime conditions. The Citytlier states that pole placement on or near
the property line between properties is desirablavioid conflicts. Deviations in the uniformity
of spacing may be permitted only to avoid conflicth existing structures (driveways and other
interfering obstacles) so long as the resultariaitaion complies with the following limitations:

1. No spacing shall differ from an adjacent spacingroye than 7%,

2. The average spacing in any block shall not diffenf the average spacing in an adjacent
block by more than 5%,

3. At no time shall the spacing exceed the calculatealkimum spacing” or be less than the
calculated “minimum spacing”

Traffic Conflict Areas

At intersections, railroad crossings, curves, lahsl other traffic conflict areas, the spacinglshal
be reduced in accordance with applicable provisadribe latest revision of the ANSI/IES RP-8.
Luminance values in those areas shall be increased.

Cul-De-Sac Lighting

The lighting in cul-de-sacs shall be reviewed omase-by-case basis for compliance with
ANSV/IES RP-8 illuminance standards. Luminaireshwdifferent distribution patterns may be
used to properly light cul-de-sacs and preventglar

Dead-End Streets
The distance from the dead-end to the last stgithole shall not exceed 50% of the calculated
maximum spacing.

Driveway Clearances

The minimum clearance from driveway shall be 3 ,feeeasured along the pole line. The
measurement shall be taken from the nearest poitiie@pole to the nearest concrete, asphalt, or
gravel side of the driveway. For commercial drieg used by trucks, the clearance shall be
increased whenever possible.

Tree Clearances
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No streetlight pole shall be located within eig feet of an existing tree.

Design Layout Submittal
Lighting layout map shall be submitted in hard atettronic copy to the City for approval. The
designer shall make any changes or correctiongested by the City.

B. CIRCUIT DESIGN AND SPECIFICATIONS
All installations shall meet the National Electti€zodes (NEC) and National Electrical Safety
Codes (NESC) requirements.

Operating Voltage
The lighting system shall be 240-volt, single phada special circumstances, 120V, 208V,
277V, or 480V systems may be allowed with apprdnah the City’'s Streetlight Engineer.

Utilities’ Standards

The latest utility company’s “Electrical ServiceaStlards” shall be followed by the designer to
design service equipment. The plans shall notespegial requirements. The designers shall
also coordinate the availability of power and segventrance design with the utilities. Service
pedestals shall be approved by the City and méaetiltly standards.

Distribution System

The distribution cable shall be sized no smallant%8 copper and no larger than #1/0 copper.
All distribution cable must be in PVC, schedulectduit, preassembled cable in duct (CID), or
rigid galvanized conduit (RGC), and sized per plan.

Grounding

All electrical systems, equipment, and appurtensnseall be properly grounded in strict
conformance with Article 250 of the NEC and SectR800 Street Lighting of Kansas City
Metropolitan Chapter of the American Public WorkssAciation, Construction & Material
Specification, and all applicable KCMO Supplements.

Voltage Drop

Voltage Drop calculations for each branch circinals be submitted. NEC recommends the
voltage drop on feeder or branch circuits to beitéthto 3% (see NEC for Voltage Drop
Formula and Fine Print Notes (FPN)). The total agét drop of the feeder plus branch circuit
cannot exceed 5%.

C. PLAN SUBMITTAL REQUIREMENTS

The following note must be on all the plans: “Mork shall comply with the Section 2800 and
5800 of the Street Lighting of Kansas City Metrafawi Chapter of the American Public Works
Association, Construction & Material Specificati@md all applicable KCMO Supplements.
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All final plans shall be signed, sealed, and d&ied registered professional engineer.

Title Page
The “Title Page” shall include the following aplde information:
- Owner/Developer Information,
Project Title,
Location Map,
Designer Information,
City “Sign-Off Block”,
Seal and Signatures,
Itemized Quantities
Page Index,
Applicable codes and standards,
Any additional items required by the Plan Reviewer

General Notes

General Notes must be placed on the plans. Thass provide design specifications and brief
descriptions of technical information not specifiefdAPWA or the detail sheets. General Notes

shall address:
Roadway classification per ANSI/IES RP-8
Equipment and material specifications (luminaiemnteoller, foundation, pole, etc...)
Distribution cable size and type per NEC
Pole wiring, size and type per NEC
Conduit sized per NEC
Fuse type & size
Pole setback
Local utilities

Detail Sheets

Unless clarified in the “General Notes” or “Matér@pecifications,” detail sheets shall include

the following:
- Controller detail (single, double or multi-circuibundation, etc)
Fusing (type and size)
Conduit crossing markers
Junction box (type and sized per NEC)
Pole details (type, arm length, mounting heighthaek, bases, etc)
Luminaire details (catalog number, voltage, wattage)
Approved anti-theft details for cables, junctiorkbs, etc
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Layout Details

The plan layout must clarify the exact location ghacement of the City’s lighting equipment

including but not limited to the lighting equipménstations, dimensions or any other reference

points.
- Street names

Scale

Legend with North arrow

Controller symbol

Junction box symbol

Existing poles

New poles

Right-of-way

Existing or proposed utility conflicts

Removal of existing street lighting equipment

Circuit Details

The plans must include an “Electrical Schematicgbaan” (riser diagram) showing the loads,
branch circuits and feeders including circuit rdrem pole to pole (no wiring “home run”
symbols)

Submittals

The designer is to provide the following submittals

1. Lighting calculations

2. Voltage drops calculations

3. Maintenance agreement for non-standard lightintgesys (if required)
4. Engineer’s cost estimate (if required)

D. TREE TRIMMING FOR STREETLIGHTS

The City of Kansas City owns, operates and maistapproximately 95,000 streetlights within
near proximity to many City trees. Both trees apadway lighting are indispensable municipal
assets. Through understanding and co-operatiosethesponsible for these assets can reduce
conflict between trees and roadway lighting.

City’s lighting system is designed to ensure IESRBcommended lighting levels on both
streets and sidewalks. The trees block the lumesaiesulting in reduced light levels on streets
and sidewalks, impede large truck or bus movemesd, well as interfering with overhead
streetlight wires. Based on preliminary estim8@{o 50 percent of the entire streetlight system
or approximately 30,000 to 40,000 streetlightsiarpacted by the heavy tree canopy. Mature
trees that affect the streetlights can be foundutihout the City, but is targeted in the more
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established neighborhoods. Therefore, there &ed to continuously fund a program to address
the on-going streetlight tree trimming needs.

The purpose of tree trimming around streetlightdoisensure the designed light levels are
maintained on streets and sidewalks, eliminate Ghg's exposure due to substandard light
levels and reduce system outages during stormse rétiuced light levels can be over fifty
percent due to the light being directed undernéaghstreetlight instead of distributed laterally
on both sides of fixture on the roadway. In theecavhere untrimmed trees create unsafe and
dark conditions for the pedestrians on the sidesvadkiditional pedestrian lighting will need to
be installed. Also, since fifty percent of theestitights in Kansas City are being powered by
overhead wire; potential ice storms, tornados veseweather could cause wide spread outages
resulting in unsafe conditions and considerablairegpst to restore service. It is recommended
by Parks and Recreation Department that a contsstneetlight tree trimming for the entire
City shall be performed on a three year cycle.

It has been determined that the work could be #¥iely done through utilization of the
streetlight system maps and following the luminadeaning & Inspection schedule used by
streetlight maintenance contractor. Two primarglgare generally established to measure the
performance of tree trimming work.

1) Trim the limbs of both City and private trees ttaddish a cone of light around each
luminaire according to lighting specification, pmig the branches that fall below the
useful beam (this is the line from luminaire to thelpoint between adjacent luminaires).
Punning guidelines are also established by IES BEXd-BDesign Guide for Roadway
lighting Maintenance and Section 5.11 of ANSI/IEB-B-14.

2) Trim tree limbs of both City and private trees stadlish a minimum clearance of two
feet around the streetlight wire in accordance SAstandards for low voltage utility
wires.

E. ATTACHMENTS

All attachments including, but not limited to, ba&mns automatic meter readers,
telecommunication equipment such as fiber and Waégess points, antennas, radios, shall
comply with all permit requirements, city standardslinances, agreements, and specifications.
Attachments shall be erected in accordance withagproved plans.

F. SMART CITY INFRASTRUCTURE

All Smart City infrastructures shall comply withl gdermit requirements, City ordinances,
agreements, standards, approved plans and spé&oifica
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PART Illl- CONSTRUCTION

A. GENERAL CONSTRUCTION REQUIREMENTS

Kansas City Street Lighting construction work shailéet Division Il, Section 2800 Street
Lighting of Kansas City Metropolitan Chapter of tienerican Public Works Association,
Construction & Material Specification, and all appble KCMO Supplements including the
following codes, standards, City ordinances aneéegents:

National Electric Code (NEC),
National Electric Safety Code (NESC), and
American Association of State Highway and Transggarh Officials (AASHTO)

Attachments

All attachment constructions or installations imthg, but not limited to, banners, automatic

meter readers, telecommunication equipment sudibas and Wi-Fi access points, antennas,

radios, shall comply with all permit requiremen@ty standards, ordinances, agreements, and
specifications. Attachments shall be construategiccordance with City approved plans.

Permits

The Contractor shall obtain all necessary permisnfany involved agencies to work within
their right-of-way (traffic control, excavation, lgoattachment, etc.). The Contractor shall be
responsible for the cost of obtaining the necespannits and shall also be responsible for all
the coordination necessary during the construction.

Utility Locates
All utility locates shall be ordered by the Contaac Any changes to the plan due to utility or
other conflicts shall be approved by the City ptmany construction.

Easements
The street lighting system shall be constructetiiwithe existing easements and right-of-ways.

Construction Staking
Prior to any construction, all proposed equipmenations shall be staked and approved by the
City.

Construction Notification

The Contractor shall coordinate the constructiotin\acal residents and/or businesses by written
communication or door-to-door signage. The Comdrashall be responsible for providing and
distributing the notifications at least 24 hour@pto start of construction activities.
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Pre-Construction and Post-Construction Audio/VideoTaping
The Contractor shall provide for the video/audiping of the pre-construction and post-
construction videos on the project which shall meedhe property of the City.

Shop Drawings

Before any equipment is purchased, Contractor sidihit to the City for approval no less than
six (6) copies of all shop drawings of the type apdcifications for all material to be used in the
construction of the street lighting system. Anwipment deemed unsatisfactory by the City
based on quality of equipment or any failure of #guipment to comply with approved
specifications shall not be used in the streettilighsystem. Equipment changes or revisions of
any kind shall not be made without approval of @g. City approval shall be required for all
equipment processing, such as painting, galvaoizasipinning and welding, etc.

Scheduling and Completion of Work
The work shall be scheduled so as to not leavemipbete work for extended periods of time.

Repair and Maintenance Responsibilities During Cortsuction of Streetlights

The City's own maintenance contractor shall be amsiple for routine maintenance of the
existing streetlight system. However; any damagg ¢ables, knockdowns, etc.) sustained to
the existing lighting system due to the constructaxtivity and any damage to new lighting
system prior to acceptance by the City shall baired at the Contractor's own expense. Repairs
shall be performed in accordance with current Giigndards The Contractor shall also be
responsible for the maintenance of all new indtialtes prior to final completion and payment.

Existing Traffic/Street Signs

Where necessary, meter posts, sign posts, and sigiisbe carefully and temporarily removed
by the Contractor. During the time the signs averm the Contractor shall be responsible for
the safe and expeditious passage of traffic byaisemporary signs, flaggers, barricades or
other means as may be required. For street clwsinguestions regarding traffic sign removal
and relocations, contact the Street and Traffiadbawn of the Public Works Department at (816)
513-9871.

The Contractor shall be required to inventory B signs on this project and replace meter
posts, sign posts, and signs upon completion ofatix. The City's Sign Shop of Street and
Traffic Division shall be notified at (816) 513-9B7f new sign poles are required so that the
Contractor can make arrangements to purchase akdipithe new poles. The Contractor shall
be required to take reasonable care of signs ahes.poDamages to signs or poles during
construction may necessitate the Contractor punchasplacements from the Street and Traffic
Division. No additional separate payment is alldv@r this work.

Any State sign relocations necessitated by thigeptoshall be coordinated with Missouri
Department of Transportation (MoDOT).
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Power Coordination
Connection, disconnection and/or reconnectionchttents to or removal from non-City-owned
poles shall be performed by utility approved andlidied linemen.

1. The Contractor shall coordinate and verify all sgwequests for electric power to each
controller

2. The Contractor shall be responsible for contactivegelectric utility for disconnection and
reconnection of underground secondary power tdigh&ng system.

3. The Contractor shall be responsible for disconnectand reconnection of overhead
secondary power to the lighting system

4. The Contractor shall coordinate scheduling of atdnnections and reconnections with the
electric utility such that power outage time is k&pa minimum

5. The Contractor shall coordinate removal of anytegselectric utility owned equipment not
removed by the utility and not to be reused in cletea project

6. The Contractor shall be responsible for all electrdility disconnection and reconnection
charges

7. The Contractor shall submit applicatiof new attachments and removals of existing
attachments to the appropriate utilities for apptov

Utility Power Distribution Costs

Any necessary extension of the power distributaxilities above and beyond the covered work
in the utility service standards; encountered da goject will be paid directly to the power
utility company by the City. Where power is noaddy available, the Contractor shall analyze
and determine the need for any feasible powerifi@silextensions and obtain the estimated costs
from the utility and submit the estimates for Git@pproval. Upon approval from the City, the
Contractor shall coordinate this work with the powglity company.

Removal of Existing Streetlight Equipment

The Contractor is responsible for the complete neahof all existing street lighting equipment

as shown on the plan. All poles and foundatiohallsbe completely removed and any
additional streetlight appurtenances found in takl fshall also be removed at the unit prices for
the removal.

Contractor shall first consult the City before resmg the additional equipment.

Contractor shall coordinate all disconnection oistmng lighting circuits having underground
connections to the utility’s secondary pedestats tamnsformers. Contractor shall also properly
disconnect all overhead lighting circuits up to th#ity’'s secondary connection points. All the
secondary disconnection points shall be taped asdkersafe according to the utility standards.
The utility may randomly inspect these disconnexditor safety purposes at their discretion and
any repairs required shall be the responsibilitthef Contractor at no additional cost to the City.

Abandoned sections of buried underground cablel sigalde-energized at its power source,
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taped, and labeled “abandoned”.

Disconnection efforts shall be coordinated with ithetallations of new lighting circuits, service

cables, and connections to the electrical servicerinimize lighting outages in an area. Any
damage sustained to the lighting unit or lightiygtem during the removal operation shall be
repaired, or replaced in kind, to the satisfacobthe Engineer at Contractor's own expense.

Unless noted on the plans otherwise, all equiprekall be returned to the City. The Contractor
shall coordinate the delivery dates and times whih City representative and transport these
items to the City’s Maintenance Contractor. Noasafe payment will be made for returning

equipment and costs shall be included in Contracing.

Relocation of Existing Streetlight EQuipment

Equipment (poles, foundations, controllers, pubké®, etc) shall be relocated as indicated on the
plans, specifications, the Standard Drawings areti@pProvisions. Any damage sustained to
the lighting unit or lighting system during theoehtion operation shall be repaired, or replaced
in kind, to the satisfaction of the City at the @awtor's own expense.

Existing Poles to Remain

1. Restoration of Existing Poles: Metal poles shal surface prepared and coated with
approved exterior grade metal paint in color clpsehtching existing galvanized steel or
natural aluminum poles in the street light system.

2. Leaning Poles: Poles that lean greater than 2.Eedeghall be straightened to less than 0.5
degree variation with perpendicular.

3. Direct-Buried Metal Poles: The Contractor shall au2 inch by 4 inch hole at the existing
conduit/cable entry point using the plasma techmitpuaccommodate the new cable duct.
The new opening shall be smooth (without any sleaiges) to prevent cable and conduit
damage.

Equipment Disposal
If required, the Contractor shall also be respdadix the proper disposal of material according
to federal, state, and local ordinances and reigulatat the Contractor’s cost.

Equipment Return

When required by the City, the Contractor shaletaly remove the existing lighting equipment
(poles, arms, fixtures, etc.) in the event thay taee to be returned to their original owner. The
Contractor shall coordinate this process with tivmer so that the equipment is returned in a
satisfactory condition.

Spare Equipment

If spare equipment is included in the contracghiéll conform to the City’s Specifications, the

Standard Drawings, and the Special Provisions. spire equipment shall be from the same
manufacturer and of the same style, model, eteqagpment installed on the project. The items
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shall be delivered to the jurisdictional agencyagplace and time mutually agreed on by the
Contractor and the City. The place will normallydn agency warehouse.

Restoration, Clean Up and Damage Repair

All restoration including concrete, asphalt, groutahdscape replacement and clean-up work
shall be done by the Contractor in a timely mararet shall be incidental to the Contract. The
Contractor shall perform restoration of streets atker public ways in accordance with
applicable provisions of the City's ordinancesgsyland regulations.

1. Street Restoration: The Contractor shall perforatamtion of streets and other public ways
in accordance with applicable provisions of theyGibrdinances, rules, and regulations.

2. Surface Restoration: The restoration in grass asball meet KCMO Chapter of APWA
Section 2200, 2300 and supplements.

3. Sidewalk and Street Cut Restoration: Shall meetldkest KCMO Public Works Standard
Specifications and Drawings.

4. Curb Restoration: Restored curbs shall be providild wheel chair ramps where required
by KCMO Code of Ordinance Chapter 64 thru Chapéer 7

5. Payments for Restoration: All restoration costslisha a part of installation costs. No
additional separate payments are allowed for rattor.

6. Equipment Clean Up: Poles and luminaires shallleaned of wrapping, shipping material,
dirt, grease, etc. Scratches, abrasions or othréaice damage shall be repaired to like new
condition.

7. Site Clean Up: The Contractor shall be respondinighe site restoration to City standards
due to installations or removals. Stubs shall Heooe foot below grade and either backfilled
and returned to a condition consistent with theraaurding area, or concreted over as
compatible with surrounding materials.

8. Damage Repair: The Contractor shall also be redplenfor all costs associated with any
damage, including but not limited to landscapinmirkler systems, water, sewer, curb and
sidewalk, gas main, etc., caused by the constmuctio

Tree Trimming

The Parks and Recreation Department will performkwor the removal of trees for streetlight
pole installation or trimming of trees for streglit fixtures and wire clearances. No trees shall
be trimmed or removed by the Contractor or any&gents. Tree work will be performed will
be initiated after locates are completed and potations are staked by the Contractor. The
Contractor shall allow a minimum of ten (10) wordidays for tree related work to be completed
before construction can begin. Where possiblegtions requiring tree trimming and locations
with tree conflicts have been indicated on the gplahlowever, the Contractor is responsible for
identifying and coordinating any and all additiomamming and tree conflicts with the Parks
and Recreation Department.

B. MATERIAL, EQUIPMENT AND INSTALLATION SPECIFICATI ONS
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This section governs the furnishing of all laboraterials, equipment and construction
specifications for the installation and testing adfcomplete operational streetlight system in
accordance with the KCMO APWA standard drawinggcsfrations, and supplements, special
provisions and as shown on the plans.

Revision of Standards: When reference is made staadard or code (ANSI, ASTM, IESNA,
NESC, NEC, etc.) the standard referred to shallthee latest revision of said standard as
amended at the time of the Notice to Bidders, exespnoted on the plans or in the Special
Provisions.

Cables and Hardware

1.

Cable in Duct/Conduit: The cable shall be copped &e rated 600 volts and rated a
minimum 75 degrees Celsius, be UL listed Type RHHHMUSE. The U.L. listing mark,
cable voltage, insulation type and ratings, as a®lthe cable size shall be clearly printed on
the cable in a color contrasting with the insulatomlor. Cable shall be in conformance with
ICEA (Insulated Cable Engineers Association) Stathd&-66-524, NEMA Standard
Publication No. WC-7 and U.L. Standard 44, or thtest applicable standards. Two-
conductor cables shall include identification foe tphase and neutral conductors, written,
stamped, or coded along the length; or using thersdlack and black-with-white. Three
conductor cables shall include identification foetphase A, phase B, and neutral in the
same manner, or by color coding black, black-withite; and black-with-red.  All new
lighting circuits shall be sized no smaller thancé®per and no larger than #1/0 copper with
continuous ground. The grounding conductor shallténsulated or color-coded green.

Overhead Distribution Cable and Hardware: Overtedude shall be DUPLEX or TRIPLEX
and rated 600 volts and minimum 75 degrees CelsiGenductors shall be aluminum,
insulated with cross-link polyethylene (XLP) andexi as shown on the plans. Cable shall
conform to ICEA S-66-524 part 7.3, or the latesplaable standards. The messenger
(neutral for duplex, ground for triplex) shall seras the supporting structure and shall be
bare ASCR the same AWG size as the insulated comducSupporting hardware shall be
5/8 inch or 16,000 pound, standard pole line hardwaCable color coding shall meet
National Electric Code requirements.

Service Entrance Cable: Any cable used for eleservice entrance run shall have a rating
which includes a USE rating and rated a minimumdégrees Celsius. Unless otherwise
indicated all conductors shall be stranded. Catdealation shall incorporate cross-linked
polyethylene (XLP) and the insulation shall meeterceed the requirements of ICEA S-66-
524, NEMA Standard Publication No. WC-7, U.L. Stards 44, or the latest applicable
standards.

Pole and Bracket Arm Cable: Cables shall er@inimum size #10, including ground.

Cable Splices: Splices shall be fully insulatedieraight and dual rated for copper and
aluminum conductors. Electrical tape shall be Uldted all weather vinyl plastic tape that is
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resistant to abrasion, puncture, flame, oil, atkadind weathering. Splices are allowed only
in pole bases or junction/pull boxes.

Electrical Connectors: Copper and aluminum condscéwe utilized in the street lighting
system, therefore, only connectors rated for béasimeoum and copper conductor shall be
utilized.

For overhead conductors, crimp-type (“Burndy”hectors shall be used for all taps. The
phase tap shall be taped with Scotch #33 or ecqgntal

For connections inside poles or pull boxes, tyees of connector are acceptable. Alloy
block set-screw-type connectors are preferred. -Watertight models require a rubber boot,
wrapped with Scotch #33. Watertight models, suxliHamac RAB 1/0 series or equal, do
not require taping. Alternative 5/8 “Burndy” tygeimp connectors may also be utilized if
properly taped with MY30Y insulating tape and cacewith Scotch #33.

Cable & Hardware Testing: The Contractor shallnsiilcertified copies of all test data.

Conduit and Duct

1.

2.

Conduits, Fittings, and Couplings: Contractor skapply and install all required conduits,
fittings, and couplings as needed.

Polyvinyl Chloride (PVC): Conduit and fittings shdde rigid polyvinyl chloride (PVC),
Schedule 40 and shall conform to NEMA Standard T&@ NEMA Standard TC-3, or the
latest applicable standards. Conduit, fittings] gnnt sealing cement shall be supplied by
the same manufacturer.

Cable Duct: The duct shall be that which is intehfie underground use and which can be
manufactured and coiled or reeled in continuoussiartable lengths and uncoiled for
further processing and/or installation without adety affecting its properties of
performance. The duct and its manufacturer shatifazm to the standards of NEMA
Publication No.TC-7 and ANSI/ASTM Designation D 348or the latest applicable
standards. The duct shall be made of high-dermityethylene which shall meet the
requirements of ASTM Designation D 1248, Type Ila§s C and the requirements listed in
Table 2-1 of NEMA Standard Publication No. TC-7,the latest applicable standards.
Submittal information shall demonstrate compliamgth the details of these requirements.
An impact test as described in NEMA Publication TGhall be performed on the duct.
Contractor shall submit certified copies of allttdata. Nominal duct size shall be at least 1
inch and be clearly and durably marked at leastyet@ feet with the material designation,
nominal duct size and the name and/or trademaittkeofnanufacturer.

Duct Joints: Duct shall be joined using materialed anethod recommended by the
manufacturer. The interior shall he sufficiently ath to prevent cable damage during

pulling.

Fuses and Fuse Holders
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All poles shall be equipped with fuses at the bafsthe pole. At the base of each pole, each
luminaire connection shall have 3 single-poles;ssetw, in-line, breakaway, fuse holders. Fuse
holders shall be Bussmann Model No. HEB-JW-RYC &iB-JW-RLC-J (for last pole) or
approved equal. Each hot leg of 240 volt circhdlsbe fused with a 10 Amp KTK fuses in the
breakaway fuse holders at the base of pole. Towengiing fuse holder shall have a NNB copper
slug.

Ground Rods
Ground rods shall have electrolytic copper meclalyicbonded to rigid steel core and be
corrosion resistant. Ground rods shall be UL ¢istad CSA certified.

Pull or Junction Boxes

Pull and junction boxes shall be sized in accordamith the latest edition of NEC and shall be
installed such that they are accessible. Extgridk and junction boxes shall be heavy duty,
precast polymer concrete, and shall meet the lawssion of ANSI/SCTE77 performance
specification requirements. In no assembly cancthwer design load exceed the design load of
the box. Minimum size exterior pull box shall b@2'Lx13.5"Wx13.5"D. Covers for exterior
pull boxes shall have text stating 'KCMO STREET HGNG' and show the tier designation of
the box. In joint use boxes, cables shall be bfadentified as street light cables with plastic o
metal tags. Additional pull boxes may be instaldten approved by the Engineer.

To avoid cable theft, cables shall be secured poi@ntering the junction boxes. Covers shall be
secured with vandal proof bolts. Contractor skalimit proposed methods for securing junction
boxes/cables for approval.

Cable Splicing

Splices shall be allowed only in junction boxes &gtt pole bases. There shall be no buried,
underground, or concealed splices. If the cablmiisor damaged after installation is complete,
the entire run shall be replaced and the City reatif

Lighting Controller/Service Pedestal

The street lighting controller shall be in accorkanwith the plans, utility company’s
requirements, specifications, Standard Drawingstaadspecial Provisions. Lighting controller
enclosure shall be aluminum, NEMA 3R rated with 20\ duplex receptacle (four-circuit
controllers only) enclosure and hinged weatherpdumadr with padlock latch. The controller’'s
name plate shall indicate the minimum short circaiing (SCCR) of 10,000 amps and have the
UL label.

Lighting Controller Installation

The Contractor shall contact and coordinate semceections to the lighting controller(s) with
the Kansas City Power & Light Company (KCP&L). Adbnduit installation for service
entrance cables shall meet the latest utility nemoents as shown on the detail sheets. The
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Contractor is required to provide 3 inch schedule PVC conduits from the City provided

streetlight controllers to the KCP&L source (padumbtransformer or pole or service pedestal at

the base of pole). The elbows at either end ofcthveduit shall be a 36 inch radius and the

conduit shall be buried at a depth of 30 inchesnduit installed to a pole shall be turned up 7

inches from the pole to allow for the installatioina stand-off bracket by KCP&L.

Grounding

1. Individual Ground: All electrical systems, equiprheand appurtenances shall be properly
grounded in strict conformance with Article 250tbé NEC. Each pole and the feed point
shall be grounded. A 5/8-inch by 8-foot copperugiding rod shall be driven into the
bottom of the trench adjacent to the pole or fegdtdoundation so that tops of the rods are
24 inches below finished grade. All connectiongitound rods, structural steel, reinforcing
steel shall be made with exothermic welds. Atfdex point, the grounding conductor shall
connect to the neutral bus and the enclosure. r@reads shall not be required for metal
poles with screw anchor type bases.

2. Wood Poles: Where underground connections are nadeerhead wiring, the grounding
conductor shall go up the pole and fasten to theraire or the arm. The lower eight feet of
the grounding conductor on a wood pole shall beece¥ with one 8-foot piece of 1/2"
schedule 80 PVC conduit. Clamp conduit to woodepalilizing a minimum of three
galvanized metal clamps and three 1.5" galvanizethlhhwood screws. Clamps shall be
spaced evenly. If an existing utility ground isada&ble, the grounding conductor should
connect to it instead of another ground rod.

3. Grounding in Rock: If rock is encountered or otbenditions exist preventing the driving of
the ground rod, it may be replaced, when authorizethe Engineer. Copper wire shall not
be less than 100 foot of #6 AWG BSSD fastened ¢ogttounding conductor, run through a
conduit bend, stretched out in the trench and Husalngside the distribution duct or
conduit.

4. System Ground: A 5/8 inch x 8 foot copper weld shll be driven into the bottom of the
trench adjacent to the feed point foundation. Wpethree to four inches of the rod shall
project above the bottom of the trench. A 6 AWG BS®pper conductor shall be fastened
to the ground rod with a thermit weld or compressitamp. The grounding conductor shall
go through a conduit bend and the other end slattdmnected to the neutral bus and the
enclosure. A grounding conductor is required factebranch circuit. At each pole, the
grounding conductor shall be connected to the gfaonnector inside the pole shaft or for
wood poles connected at arm or luminaire.

Poles

New metal poles shall be aluminum or galvanizedl|stéth underground feed. New wood poles
shall be installed only in areas where existingtygpoles are utilized for lighting and shall meet
industry standards. All poles shall have ID platdsch shall include the manufacturer's name,
date of manufacture and part/order number.
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1. Aluminum Poles: The pole shaft shall be a seamtessd, tapered tube of aluminum alloy
6063-T6. The pole base flange shall be a one miaséng of aluminum alloy 356 and be
attached to the shaft by a continuous circumfeaémteld. The pole shall be furnished with
an internally mounted damper to damp wind inducadnonic vibration. The arm shall be
of 6063-T6 alloy of the length specified, and pdsvia two inch NPS luminaire mount.
Anchor bolt covers of aluminum alloy 356 and hexkst attachment screws of 300 series
stainless steel shall be provided. The shatft, ,b@sehor bolt covers and arm shall have a
natural color satin or anodized finish in differecdlors, as specified on the plans and
specifications, or in the Special Provisions.. '&6% hand hole shall be provided near the
base for wiring access. The hand hole shall bétiposd 90 degrees from the luminaire
mounting arm. The hand hole cover shall be tamggstant and secured with hex socket
attachment screws of 300 series stainless steajrodnd connector capable of accepting 6
AWG wire shall be provided inside the pole, coneanito the hand hole. The pole shall
mount on the bolt circle diameter specified on 8tendard Drawings, the plans or in the
Special Provisions. The top of the pole shall eigped with a removable cap. The pole
and arm, when equipped with the specified luminaird installed on a standard foundation,
shall withstand an 80 MPH wind with gusts to 104H/AWhile covered with one-half inch of
ice.

Decorative Aluminum Poles shall be as specifiedtlom Standard Drawings, plans and
specifications, or in the Special Provisions.

2. Steel Poles: The shaft shall be tapered, roundfabicated from cold rolled open hearth,
basic oxygen or electric furnace steel and conftrlASTM A595 Grade A. The arm shall
be of the same material and finish as the pole|ehgth specified, and shall provide a two
inch NPS luminaire mount. The shaft shall be oreegifoot lengths to 40 feet and may be
two pieces for lengths exceeding 40 feet. The tweceshaft shall be field assembled by a
slip joint, the minimum length of which is one amde half times the diameter of the shaft at
the joint. The field assembled pole must not remai weld to develop full strength. All
welds in the fabrication of the shaft shall be cmndus and longitudinal. The pole base
flange shall be of cast steel or fabricated stdafep It shall telescope the shaft and be
secured top and bottom, by continuous circumfeaémields. It shall be designed to avoid
stress risers under dynamic loading. The anchtirdowers shall be formed forged or cast
and shall be attached to the base with hex sobketided fasteners. A 4"x6" hand hole shall
be provided near the base for wiring access. HEmallhole shall be positioned 90 degrees
sway from the mounting arm. Provide a tamper tasishand hole cover secured with 3/8" -
16 pentahead bolt. A ground connector capablecd@ing 6 AWG wire shall be provided
inside the pole convenient to the hand hole. Teel pole, arm, and all incidental parts shall
be finished with hot dip galvanizing in accordavegh ASTM A123, powder coating or
painting as specified on the plans and specifioatio All fasteners shall be of 300 series
stainless steel or of carbon steel galvanized ao@ance with ASTM A153. The pole shall
mount on the bolt circle diameter specified on 8tandard Drawings, the plans, or in the
Special Provisions. The top of the pole shall haigped with a removable cap with set
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screws. The pole and arm, when equipped with pleeiBed luminaire and installed on a
standard foundation, shall withstand an 80 MPH winith gusts to 104 MPH while covered
with one-half inch of ice. Poles for single brackems shall utilize one-bolt simplex fitting
located 15 inches below the top of the pole. Piaesuss bracket arms shall have one set of
two-bolt simplex fittings 27 9/16 inches apart [teh8 inches below the top of the pole.

3. Wood poles: Wood poles shall be new, matching ¢ngth, size, and type of existing poles.
Poles shall be Class 5 wood lighting poles andl dalDouglas Fir or Southern Pine,
pressure treated according to the specificationsthef American Wood Protection
Association (AWPA). Specifications and dimensighall be according to ANSI 05.1. The
minimum top circumference of all poles shall beidéhes. The manufacturer’'s brand shall
include length, class, wood species, preservadive,year produced.

Break-a-Way Bases and Couplings
Poles within Missouri Department of Transportat{®mODOT) right-of-way shall incorporate
break-a-way features.

Anti-Theft Cable Retainers
To prevent cable theft, all cables shall be secumethe pole bases. Contractor shall submit
proposed methods for securing cables for approval.

Bracket Arms
Brackets arms shall be of the same material anshfias the pole, the length specified, and shall
provide a two inch NPS luminaire mount.

Concrete Streetlight Foundations
1. Conduit bends shall be installed in concrete fotinda in the quantity shown on the plans
and positioned in the direction of the duct or eatbin.

2. Anchor bolts shall be installed in concrete fourmisd as shown on the plans and the
Standard Drawing. A positioning jig shall be ugedold the bolts firmly in place during
concrete placement.

3. Finishing should be done with the anchor bolt posihg jig in place. If the jig must be
removed for finishing, it shall be re-installed iradiately after finishing and left in place
throughout the cure period. Safety devices slelhbtalled and secured firmly in place over
the foundations immediately after finishing, andalslremain in place until poles are
installed. Prior to pole installation, the posifimp jigs shall be removed, loose concrete
cleaned from around conduit ends and the condumitried to provide clearance for the pole
base.

4. Expansion joints shall be provided where a congpete foundation is adjacent to concrete.
After concrete has cured a minimum seven daysjoiheshall be cleaned, filled, and sealed
as shown in the Standard Drawings.
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Screw Anchor Streetlight Foundations

Foundation shaft diameter, baseplate size, shaftheand bolt circles details shall be shown on
the plans or otherwise indicated. Foundations|shal fully coordinated with the poles
applicable to the project.

Identification Labels

1. Luminaire and Controller Cabinet Label¥he Contractor shall furnish and install luminaire
and controller cabinet identification labels acaogdto the construction plans. Identification
labels shall consist of three letters and four matsdn vertical orientation with the letters at
the top so as to read downward. Legend shall becB series “C” upper case black
characters on silver retro-reflective sheeting witlessure sensitive adhesive backing, as
prescribed for use on standard highway signs inRH®VA Manual of Uniform Traffic
Control Devices. Labels intended for mounting ayod poles shall be applied to a metal or
plastic placard that can be attached directly ® plole. Supplied labels shall bear the
luminaire/pole/cabinet number shown on the strgletidrawing or as directed by the City
representative.

2. Wood Pole Ownership Tags: The Contractor shahislr and install pole tags to identify
Kansas City Missouri ownership. The tags shaihibestry standard aluminum discs used to
identify wood pole ownership and shall read “KCMOQO”.

Luminaires

These specifications cover the City of Kansas QWigsouri’s requirements for high pressure
sodium vapor, metal halide, and light emitting é¢isdLED) luminaires for roadway lighting.
Luminaires for underpass lighting shall be walérpior ceiling mounted.

In special circumstances, existing luminaires umgsy vary from those specified in this manual.
The following abbreviations are applicable to thegecifications:

ANSI - American National Standards Institute

IESNA - llluminating Engineering Society of North America
NEMA - National Electric Manufacturers Association
ASTM - American Society for Testing and Materials
MSSLC - Municipal Solid State Street Lighting Consortium
FCC - Federal Communication Commission

FTC - Federal Trade Commission

Energy Star- U.S. Environmental Protection Agency (EPA)
IEC - International Electro-Technical Commission

NFPA - National Fire Protection Association

UL - Underwriters Laboratory

1. High Pressure Sodium Vapor Luminaires
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All HPSV Iluminaires under this specification shalteet the requirements of this
specification and the latest revision of the foliogv documents. If this specification
conflicts with any of the listed documents, theuiegments of this specification shall apply.

Requirements

a.

High pressure sodium luminaires shall be of thdased type with horizontal burning
lamp and slip fitter for horizontal mounting on’ad?2ameter mast arm.

Each luminaire shall consist of die cast aluminwuding, a reflector, a terminal strip, a
bottom refractor or lens, a lamp socket, integeadldst, an integral starting aid, a gasket,
a three-pin photo control NEMA socket, a shortiag,cidentifying labels and a ground
wire from the neutral to the luminaire case.

All parts of the luminaire shall be fabricated frasarrosion resistant materials. Each
housing shall be fabricated from die-cast alumintoysings must be painted and shall
withstand a 1000-hour salt spray as specified ifM®Pesignation; B 117, D714. Paint

base coat to be gray.

The luminaire shall meet the physical and photoimegaquirements specified herein. It
shall be optically sealed, mechanically strong easly to maintain.

The luminaire shall be designed as to its sizepshand weight so that it does not
aggravate the vibration characteristics of its eetipe pole and it shall be compatible
with the pole and mast arm. The luminaire shalchpable of withstanding a vibration
test of ANSI C 136.31 with a test acceleration &0%. The effective projected area of
the luminaire shall not exceed 1.6 square feetvaigh not more than 50 pounds.

The luminaire shall slip-fit on two-inch pipe armdashall have a barrier to limit the
amount of insertion. It shall not be necessargidanore than open the bottom cover to
mount the luminaire.

The luminaire shall be provided with a leveling faase and shall have a 4-bolt

anchoring/attachment means so as to be capableirnf kilted evenly up to a 5 degree

tilt. The luminaire shall be able to be rotatecity degree with respect to the supporting
arm.

The lamp holder and ballast components shall bepteiely wired, with connections
made to a heavy duty terminal board with plug-iregsure) connectors. The reactor and
capacitor leads shall not be smaller than #16 AWdactors. These shall be coded by
tagging, printing, and/or color coding for propelemtification. A complete wiring
diagram coordinated with the wire identificationsals be displayed at a convenient
location on the interior of the luminaire.

The luminaire shall have the ballast mounted irgeto the luminaire housing. All
connections within the ballast shall be made vihvidual color-coded or printed NEMA
tab connectors.
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Luminaires with overhead wiring shall incorporatisé holders with 10 amp fuses for the
incoming line.

. The terminal strip shall have protective barrieefween each terminal. The terminal
screws shall be captive or tunnel type lugs andpped with wire grips for wire up to

No. 6 AWG. All components shall be pre-wired tcsiagle strip assuring that field

connections are made to clearly identified linenieals.

The lamp socket shall be mogul type; porcelainased with one piece screw shell, and
is provided with grips, or other suitable mean$édd the lamp against vibration. The
rating of the socket shall exceed the lamp startioljage and starting pulse voltage
rating.

. ANSI and IES Identification Decals. Decals, comptywith the ANSI standard and IES
type distribution shall be factory attached pernmaiyeto the luminaire. The information
contained on the decals shall enable the viewem fthe ground level, to identify the
lamp wattage and type and the IES type luminasgidution (black or white)

. Optical Assembly. The optical assembly shall cetn®f an aluminum reflector,
horizontally adjustable porcelain mogul base larapkst, an acrylic or glass prismatic
refractor or flat glass lens. The optical assensbigll have a high temperature resistant
gasketing system.

. Reflector. The reflector shall be made of hydrorfed aluminum sheet of such grade
and quality that; (a) the reflecting surface shale a specular finish; (b) the reflectance
factor of the reflecting surface shall not be lds# 78%; and (c) the reflector surface
shall be protected with an anodized finish of ress| than 0.00006 inch thickness. A
glass reflector finish may be substituted in platéhe above oxide coating. The glass
finish shall be chemically bonded to the reflecdod shall be flexible, impact resistant,
and heat resistant.

. Refractor/Lens. The refractor or lens for lumieaiusing up to 150 watt lamps shall be
made of an acrylic material or borosilicate glasd ahall be heat and impact resistant.
The lens for luminaires of 250 watts and abovelsbala flat glass made of fully
tempered glass conforming to ASTM Designation: @887, Standard Specifications
for Heat Treated Flat Glass Kind FT.

. Filter Systems. The luminaire shall be equippeith\aisystem for allowing filtered air to

enter and leave the optical compartment of the hamé. The purpose of the filtering

system is to remove particulate from the in flowisg preventing their deposit on or
discoloration of the optical surfaces. This canabeomplished by a separate filter or
using a filter type gasketing system.

High Pressure Sodium Vapor Ballast
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The ballast shall be integral to the luminaire.will be high pressure sodium ballast, single
voltage with 120 volt or 120/208/240/277 multi- taBallast tap is to be factory connected
per customer’s request.

a. The ballast components shall be mounted and fasteithin the luminaire housing in a
manner such that the components will remain seaidecapable of withstanding the pole
vibrations. Each component shall be readily rerbte/éor replacement. Clearance for
removable parts shall allow for easily and safaynoving them with an electricians
gloved hand.

b. Heat-generating components shall be mounted so ase the portion of the luminaire
upon which they are mounted as a heat sink. Capaahall be located as far as practical
from the heat-generating components or shall bemthkdy shielded to limit the case
temperature to their rated values.

c. Transformers and inductors shall be resin-impregghdbr protection against moisture.
Capacitors, except those in the starting aid, sleafiealed.

d. Noise generated by the ballast or in combinatiaih Wie starting aid shall be minimized.
Noise levels of the entire luminaire shall not eeccd0 db “A” weight. “A” weight can
be measured with a dBA meter. Measuring distandd@cations shall be as shown.
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. The ballast shall be designed to operate continy@uml to provide protection to itself in
an open or short circuit condition for a minimumripé of 6 months over the rated
electrical and temperature range without loss dabiaand auxiliary starting circuit life.

The lamp current crest factor for the reactor Isédlghall not exceed 1.6 for the 100 and
150 watt with +7%, -3% line voltage variation nomlilamp voltage. The lamp current
crest factor for the CWA ballast shall not excee@51for the 250 and 400 watt. All
ballasts shall be designed to provide the eledtdlearacteristics recommended by ANSI
and as specified herein for proper starting andibgrof the designated lamp.

. All 100 watt (ANSI code S54) and 150 watt (ANSI ed855) ballasts shall be of the high
power factor reactor type. The 250 watt (ANSI c&#®) and 400 watt (ANSI code S51)
ballasts shall be of the CWA type. The ballasluaninaire shall be plainly marked as to
the operating electrical ratings and rating ofldmap for which it is designed.

. All ballasts shall provide reliable starting anchtinuous operation down to minus (-) 40
degrees C. All ballasts shall operate at a poaetof of 89% or higher.

The ballast shall be high pressure sodium ballasigded to meet ANSI Standards and
rated for operation on a 120 volt or 240 volt lifde ballast shall provide positive lamp
ignition at input voltage of 100 volts for a 120ltviine or 200 volts for a 240 volt line.
The ballast shall provide lamp operation within thmp specifications over rated lamp
life at the input voltage range of —3% through +#%beach voltage tap (120, 240 V) of
the 100W and 150W luminaire. Operating charadiesishall conform to those depicted
in the figure below with regulation not to excee®b2for the 100 watt, 24% for the 150
watt, 17% for the 250 watt, and 16% for the 400twaine A - B shall be drawn parallel
to line a - c. Regulation; as defined above; shallexceed the values listed in section 9
of these specifications.

Ballast Characteristic Curve
+7% Line Voltage

Ballast Characteristic Curve
For Nominal Line Voltage

LAMP WATTS

Ballast Characteristic Curve
-3% Line Voltage

LAMP VOLTS
Typical Ballast Characteristics Graph
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When A - Bis at its maximum, at nominal lamp voltage, peraegulation is equal to
the following:

Percent Regulation = (e - f) x 100/g

The ballast windings shall be adequately impreghated treated for protection against
the entrance of moisture, insulated with Class $diliation, able to withstand the NEMA
standard dielectric test.

. Starter Aid: The ballast shall include an elecitastarting assembly. Starting aids for
ballast of a given lamp wattage shall be inter-geale between ballasts of the same
wattage and manufacturer without adjustments. Tades aid shall be a plug-in type
mounted internally on the ballast access door minaire housing. The starter aid shall
be designed to provide the electrical characteastecommended by ANSI and this
specification for proper starting. The starter stdll be designed to provide protection to
itself in an open or short circuit condition fomanimum period of 6 months without loss
of starter aid circuit life. The starter asseméihall be comprised of solid state devices
whose temperature limitations, performance and rifigngs will not be compromised
when the fixture is operating at its rated ambidihie starter shall provide timed pulsing
with sufficient follow through current to compleyabnize and start all lamps. Minimum
amplitude of the pulse shall be 2,500 volts, withidth of one (1) microsecond at 2,250
volts, and shall be applied within 20 electricabaes of the peak of the open circuit
voltage wave with the repetition rate as recommedrgethe lamp manufacturer for the
60 hertz wave. The lamp peak pulse current skea#l minimum of 0.2 amperes. Proper
ignition shall be provided over a range of inpultage from 100 volts to 130 volts for a
120 volt line and 200 to 260 volts for a 240 vatiel The starter component shall be
fully enclosed or encapsulated, field replaceabi@ lae completely interchangeable with
no adjustment necessary for proper operation. Tdrées component shall have push-on
electrical terminations to provide good electriaald mechanical integrity and ease of
replacement. Terminal configuration shall precludgproper insertion of plug-in
components.

Ballast Losses: losses on 120 volt ballasts basedotd bench tests shall not exceed
sixteen percent (16%) for a 100 watt ballast, srtpercent (16%) on a 150 watt ballast,
twenty percent (20%) on a 250 watt ballast and rseem percent (17%) on a 400 watt

ballast. Ballast losses on 240 volt ballasts basedold bench tests shall not exceed
thirty-four percent (34%) for a 100 watt ballastirty-one percent (31%) on a 150 watt

ballast, twenty percent (20%) on a 250 watt babast seventeen percent (17%) on a 400
watt ballast.

Ballast losses shall be calculated based on inptisvat nominal voltage and lamp watts
at nominal input voltage indicated in the followiaguation:

Percent losses = WW, (100) Where: W = Input Watts at 120V or 240V and
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W, W= actual lamp wattage

m. Contractor shall include manufacturer’s literatanel data to confirm compliance with all
requirements ANSI Standard Ballast Characteristap® (Trapezoidal Diagram, with all
items clearly identified.) with all other shop diagy submittals.

n. ldentifying Label. The information contained orethabel shall include the electrical
ratings and IES luminaire type.

Luminaire Performance

a. The luminaire wattage and light distribution tygel be as specified in this document.
The luminaire light classification for each lumiraishall be in accordance with the
American National Standard Practice for Roadwatiig.

b. The beam of maximum candlepower for luminairesidiahithin the range between 67
to 73 degrees vertical.

c. The luminaire photometric performance shall produesults equal to or better those
listed in the following applicable luminaire penfieance tables. Information shall include
computer calculations based on the controlling miwenditions, which demonstrate
achievement of all listed performance requirementke computer calculations shall be
done in accordance with IES recommendations andsthenittal calculations shall
include point-by point illuminance, luminance angllvng luminance as well as a listing
of all indicated averages and ratios. The lightimgpgrams used to perform the
calculations shall be either AGi-32 or Visual.

d. Calculation requirements along with minimum quanébhd maximum ratios are shown
below. Photometric performance and shop drawingnsttial informational shall
include:

Descriptive literature

Isofootcandle chart of horizontal foot-candles

Utilization curve and isocandela diagram

Luminaire classification per IESNA designation

Candlepower values at every 2.5 degrees intervais 60 degrees to 80 degrees and

5 degrees elsewhere

6. Candlepower tables are to be provided in the |IE®db

All luminaire performance data described in sedia?, d3,and d4 above shall be

submitted for review along with the shop drawings.

arwnE
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KANSAS CITY MISSOURI PUBLIC WORKS
LUMINAIRE PERFORMANCE TABLE 100 WATT HPS
GIVEN CONDITIONS

ROADWAY Pavement Width 27 ft.
Number of Lanes 2
IES Surface Classification R3
Q-Zero Value .07

SIDEWALK Street Side Distance from walk to far 6 ft

DATA: House Side Distance from walk to nea 6 ft
Mounting Height 27.75 ft

||5|AGTH AT POLE Mast Arm Length 6 ft

' Pole Set-back from Edge of Pavement 2 ft

LUMINAIRE Lamp Type 100W HPS
Lamp Lumens 9,500 L
IES Cut-off Classification COorSC
IES Distribution Pattern (see note) MCO Il or MESSECII
Total Light Loss Factor 0.68

LAYOUT DATA:  Spacing 156 ft
Configuration One side
Luminaire Overhang Over-Edge 4

NOTE: Variations from the above specified IES distribatipattern may be requested and
acceptance of variations will be subject to revigmkK CMO based on how well the performance
requirements are met. IES type non-cutoff lumirsawél not be accepted.

PERFORMANCE REQUIREMENTS 100 WATT HPS
NOTE: These performance requirements shall be the mininaateptable standards of
photometric performance for the luminaire, basedhengiven conditions listed above.

ROADWAY
. Average Horizontal lllumination 4.4 lux
ILLUMINATION: Uniformity Ratio: (avg/min) 6:1
Average Luminance (dvg) 0.35 cd/m
Uniformity Ratio (Lavd/ Lmin) 3.15:1
LUMINANCE: y
(LMax/ I—Min) 65:1
Maximum Veiling Lumiance Rati@Lmay 0.33:1
STREET OR HOUSE SIDEWALK
Average Horizontal lllumination 1.8 lux
Uniformity Ratio:(avg./min) 71
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KANSAS CITY MISSOURI PUBLIC WORKS
LUMINAIRE PERFORMANCE TABLE 150 WATT HPS

GIVEN CONDITIONS
ROADWAY DATA: Pavement Width 36 ft.
Number of Lanes 3
IES Surface Classification R3
Q-Zero Value .07
SIDEWALK DATA: Street Side Distance from walk to far E 6 ft
(5 ft. walk) House Side Distance from walk to nea 6 ft
Mounting Height 29.75 ft
II5|AGTH AT POLE Mast Arm Length 6 ft
' Pole Set-back from Edge of Pavement 4 ft
LUMINAIRE DATA: Lamp Type 150W HPS
Lamp Lumens 16,000 L
IES Cut-off Classification COorSC
IES Distribution Pattern (see note) MCO II, MSCII or I,
Total Light Loss Factor 0.68
Spacing 165 ft
LAYOUT DATA: Configuration One side
Luminaire Overhang Over-Edge 2
NOTE: Variations from the above specified IES distribatipattern may be requested

and acceptance of variations will be subject toiewwvby KCMO based on how well the
performance requirements are met. IES type nonHdutoinaires will not be accepted.
PERFORMANCE REQUIREMENTS 150 WATT HPS

NOTE: These performance requirements shall be the miniracceptable standards of
photometric performance for the luminaire, basedhengiven conditions listed above.
ROADWAY
) Average Horizontal lllumination 6.3 lux
ILLUMINATION: Uniformity Ratio: (avg/min) 6:1
Average Luminance (dvg) 0.4 cd/m
Uniformity Ratio (Lavd Lwin) 33:1
LUMINANCE: y
(LMax/ I—Min) 7.2:1
Maximum Veiling Lumiance Rati@Lyma/ Lav) 0.35:1
STREET OR HOUSE SIDEWALK
Average Horizontal lllumination 2.0 lux
Uniformity Ratio:(avg./min) 53:1
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KANSAS CITY MISSOURI PUBLIC WORKS
LUMINAIRE PERFORMANCE TABLE 250 WATT HPS

GIVEN CONDITIONS

ROADWAY DATA: Pavement Width 48 ft.
Number of Lanes 4
IES Surface Classification R3
Q-Zero Value .07

SIDEWALK DATA: Street Side Distance from walk to far E 10 ft

(5 ft. walk) House Side Distance from walk to nea 10 ft
Mounting Height 35 ft

II5|AGTH AT POLE Mast Arm Length 6 ft

' Pole Set-back from Edge of Pavement 3 ft

LUMINAIRE DATA: Lamp Type 250W HPS
Lamp Lumens 27,500 L
IES Cut-off Classification CcO
IES Distribution Pattern (see note) MCO lli
Total Light Loss Factor 0.54
Spacing 180 ft

LAYOUT DATA: Configuration Opposite
Luminaire Overhang Over-Edge 3

NOTE: Variations from the above specified IES distribatipattern may be requested and
acceptance of variations will be subject to revigmkK CMO based on how well the performance
requirements are met. IES type non-cutoff lumirsawél not be accepted.

PERFORMANCE REQUIREMENTS 150 WATT HPS

NOTE: These performance requirements shall be the miniracceptable standards of
photometric performance for the luminaire, basedhengiven conditions listed above.
ROADWAY
) Average Horizontal lllumination 12.0 lux
ILLUMINATION: Uniformity Ratio: (avg/min) 29:1
Average Luminance (dvg) 0.8 cd/m2
Uniformity Ratio (Lavd Lwin) 32:1
LUMINANCE: y
(LMax/ I—Min) 48:1
Maximum Veiling Lumiance Rati@Lyma/ Lav) 034:1
STREET OR HOUSE SIDEWALK
Average Horizontal lllumination 5.7 lux
Uniformity Ratio:(avg./min) 2.7:1
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KANSAS CITY MISSOURI PUBLIC WORKS

LUMINAIRE PERFORMANCE TABLE 400 WATT HPS

GIVEN CONDITIONS

ROADWAY DATA: Pavement Width 60 ft.
Number of Lanes 6
IES Surface Classification R3
Q-Zero Value .07

SIDEWALK DATA: Street Side Distance from walk to far E 10 ft

(5 ft. walk) House Side Distance from walk to nea 10 ft
Mounting Height 41.25 ft

II5|AGTH AT POLE Mast Arm Length 6 ft

' Pole Set-back from Edge of Pavement 3 ft

LUMINAIRE DATA: Lamp Type 400W HPS
Lamp Lumens 50,000 L
IES Cut-off Classification CcO
IES Distribution Pattern (see note) MCO lli
Total Light Loss Factor 0.54
Spacing 180 ft

LAYOUT DATA: Configuration Opposite
Luminaire Overhang Over-Edge 3

NOTE: Variations from the above specified IES distribotfmattern may be requested and

acceptance of variations will be subject to revigmkK CMO based on how well the performance
requirements are met. IES type non-cutoff lumirsawél not be accepted.
PERFORMANCE REQUIREMENTS 400 WATT HPS

NOTE: These performance requirements shall be the mmiraaceptable standards of
photometric performance for the luminaire, basedhengiven conditions listed above.

ILLUMINATION:

LUMINANCE:

ROADWAY
Average Horizontal lllumination 17.0 lux
Uniformity Ratio: (avg/min) 25:1
Average Luminance (dvg) 1.2 cd/m2
Uniformity Ratio (Lavd/ Lmin) 21:1
(LMax/ I—Min) 29:1
Maximum Veiling Lumiance Rati@Lyma/ Lav) 032:1
STREET OR HOUSE SIDEWALK
Average Horizontal lllumination 9.0 lux
Uniformity Ratio:(avg./min) 3.2:1
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High Pressure Sodium Vapor Lamps

Lamps shall conform to the physical characteristitshe ANSI Standard C78.42-1995 “High
Pressure Sodium Lamps”. All bases must be of thewsshell type made of brass and meeting
ANSI Standard C81.61. Bases shall be mogul or nmediepending upon the requirements.
Bulb material must be lead borosilicate glass d@dlulb finish shall be clear. The arc tube
material shall be polycrystalline aluminum oxide.

All lamps shall have the date of manufacture, eitoeled or actual, embossed on the lamp base
or other suitable location.

The lamp must conform to the electrical charadiessof ANSI Standard C78.42-1995. Time
from cold start to 80% light output shall be 3 tonthutes and time to re-strike after brief power
interruption shall be 1 minute.

The color temperature of the lamp shall be betwi#0 and 2100 degrees Kelvin. At half the
average lamp life, the mean output lumens musbadéss than 90% of the initial lumen output.
Lamp life (based on 50% failure) shall not be les 24,000 hours and burnout at 20,000 hours
shall not exceed 20%.

Rated initial lumen output shall be: 70 watt: @8umens
100 watt: 9,500 lumens
150 watt: 16,000 lumens
250 watt: 27,500 lumens
400 watt: 50,000 lumens

2. Metal Halide Luminaires
Luminaires shall be as specified in the standamivohgs, specifications, and supplements,
special provisions and as shown on the plans.

Metal Halide Lamps
Lamps shall meet American National Standards Rogdwd Area Lighting Equipment - Metal
Halide Lamps - Guide for Selection, C136.29-2011.

Lamps shall be pulse start metal halide and sha&étmhe energy conservation standards
specified in the Code of Federal Regulations aCER® 431.326.

Rated initial lumen output per horizontal (H) arettical (V) positions shall be:

70 watt: 5,600 lumens (V)
150 watt: 9,000 lumens (V)
175 watt: 13,000 lumens (V)
200 watt: 19,000 lumens (H/V)
250 watt: 22,000 lumens (H/V)
400 watt: 40,000 lumens (H/V)
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HPSV and Metal Halide Luminaire Quality Assurance Ran, Certification and Testing

The Contractor shall submit, at the time of shagading submittals, a detailed quality assurance
plan of the selected luminaire manufacturer thatuihes: manufacturer's written practices,
procedures, and instructions, or ISO-9000 Certifica

Luminaire Certification Requirements

The Contractor shall also submit Luminaire Cerdifions (as defined below) from the
manufacturer indicating that the luminaires have alethe requirements of this specification
prior to manufacturing of the luminaires. Lumiresrshall not be manufactured or shipped prior
to City approval of the Certification. The Cityshthe right to randomly inspect manufactured
luminaires prior to shipment and conduct laboratests on selected luminaires.

1. Photometric Certification: luminaires shall be tested in accordance with IES
recommendations and, as a minimum, shall yield:

an isofootcandle chart and an isocandela diagram

maximum plane and maximum cone plots of candela

a candlepower table (house and street side)

a coefficient of utilization chart

a luminous flux distribution table including upgemisphere

cop o

2. Electrical Certification: luminaires shall be testen conformance to NEMA and ANSI
standards and, as a minimum, shall yield:

a complete check of wiring connections

a ballast dialectic test (if applicable)

total ballast losses in watts and percent of irfp@pplicable)

a lamp volt-watt trace

regulation data

a starter test

lamp current crest factor

power factor (minimum over the design range of inmitage at nominal lamp voltage)

a table of ballast characteristics showing inpuparas, watts and power factor, output

volts, amperes, watts and lamp crest factor as aglballast losses over the range of

values required to produce the lamp volt-watt trace

3. Mechanical and Sound Test Certification: submisaand vibration test results to yield
results shown graphically for noise

4. Reflectance Certification: measurement of six @Jecting surfaces of a reflector to
obtain individual surface and average reflectance

5. Calculations: Submit all computer calculations llaea specified requirements and test
results.

TT@meoooTe

3. Light Emitting Diodes (LED) Luminaires
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Normative References

The publications listed below form a part of thigesification to the extent referenced.
Publications are referenced within the text byrthaisic designation only. Versions listed shall
be superseded by updated versions as they beca@itabde.

American National Standards Institute (ANSI)

- C78.377-2011 (or latest), American National Staddar the Chromaticity of Solid State
Lighting Products
C82.77-2002 (or latest), American National Stand&d Harmonic Emission Limits -
Related Power Quality Requirements for Lighting ipquent
C136.2-2015(or latest), American National Standé&d Roadway and Area Lighting
Equipment — Dielectric Withstand and Electrical Iomty Requirements
C136.10-2010 (or latest), American National StaddBor Roadway and Area Lighting
Equipment — Locking-Type Photo-control Devices &mating Receptacles— Physical and
Electrical Interchangeability and Testing
C136.15-2011 (or latest), American National StaddBor Roadway and Area Lighting
Equipment — Luminaire Field Identification
C136.22-2004 R2009 (or latest), American Nationtdn8ard for Roadway and Area
Lighting Equipment — Internal Labeling of Luminasre
C136.25-2010 (or latest), American National StaddBor Roadway and Area Lighting
Equipment—Ingress Protection
C136.31-2010 (or latest), American National Staddar Roadway Lighting Equipment —
Luminaire Vibration
C136.35-2014 (or latest), American National StaddBor Roadway and Area Lighting
Equipment — Luminaire Electrical Ancillary DevicdEAD)
C136.37-2011 (or latest), American National StaddBor Roadway and Area Lighting
Equipment - Solid State Light Sources Used in R@adand Area Lighting
C136.41-2013 (or latest), American National StaddBor Roadway and Area Lighting
Equipment—Dimming Control Between an External LockiType Photocontrol and Ballast
or Driver
C2-2012 (or latest) National Electrical Safety CON&ESC)

American Society for Testing and Materials Internatonal (ASTM)

- A307-14 (or latest), Standard Specification forlioam Steel Bolts, Studs, and Threaded Rod
60000 PSI Tensile Strength
B117-11 (or latest), Standard Practice for Opegafialt Spray (Fog) Apparatus
D523-08 (or latest), Standard Test Method for Sla@cnloss
D1654-08 (or latest), Standard Test Method for Eatbn of Painted or Coated Specimens
Subjected to Corrosive Environments
D3359-09 (or latest), Standard Test Methods fordveag Adhesion by Tape Test
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E313-15 (or latest), Standard Practice for Calaujatrellowness and Whiteness Indices
from Instrumentally Measured Color Coordinates

F2329-13 (or latest), Standard SpecificationZorc Coating, Hot-Dip, Requirements for
Application to Carbon and Alloy Steel Bolts, Screwgashers, Nuts, and Special Threaded
Fasteners

G154-06 (or latest), Standard Practice for Opegaktuorescent Light Apparatus for UV
Exposure of Nonmetallic Materials

ENERGY STAR®
ENERGY STAR TM-21 Calculator, rev. 020712 (or lafessww.energystar.gov/TM-
21Calculator)

Federal Communications Commission (FCC)
47 CFR Part 15, Telecommunication — Radio Frequ@wyces

Federal Trade Commission (FTC)
Complying with the Made in USA Standard, December 998l
(http://business.ftc.gov/advertising-and-marketingde-usa)
Green Guides, 16 CFR Part 260, Guides for the Emaronmental Marketing Claims

IIIumlnatlng Engineering Society of North America (IESNA or IES)
LM-50-13 (or latest), IES Approved Method for Phoietric Measurement of Roadway and
Street Lighting Installations
LM-61-06 (or latest), IESNA Approved Guide for Idéying Operating Factors Influencing
Measured Vs. Predicted Performance for Installett@ar High Intensity Discharge (HID)
Luminaires
LM-63-02 (R2008 or latest), ANSI/IESNA StandardeFiformat for the Electronic Transfer
of Photometric Data and Related Information
LM-79-08 (or latest), IESNA Approved Method for thElectrical and Photometric
Measurements of Solid-State Lighting Products

LM-80-08 (or latest), IESNA Approved Method for Meaing Lumen Maintenance of LED
Light Sources

RP-8-14 (or latest), ANSI / IESNA American Nation&tandard Practice for Roadway
Lighting

RP-16-10 (or latest), ANSI/IES Nomenclature andimabns for llluminating Engineering
TM-15-11 (or latest), Luminaire Classification Sgrst for Outdoor Luminaires

TM-21-11 (or latest), Projecting Long Term LumeniManance of LED Light Sources

International Electro-technical Commission (IEC)
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60929 Annex E, Control Interface for ControllablallBsts (0-10V)
62386, Digital Addressable Lighting Interface (DALI

LED Lighting Facts
Submission Requirements
(http://www.lightingfacts.com/About/Content/Manutacers/SubmissionRequirements)

Municipal Solid-State Street Lighting Consortium (MSSLC)
Model Specification for Networked Outdoor Lighti@pntrol Systems, V2.0 (or latest)

National Fire Protection Association (NFPA)
70 — National Electrical Code (NEC)

National Electrical Manufacturers Association (NEMA
LSD 63-2012, Measurement Methods and Performanctitan for Verification Testing of
General Purpose Lamps and Systems

Underwriters Laboratories (UL)
1449 Surge Protective Devices
1598 Third Edition (or latest), Luminaires
8750 11/18/2009 (or latest) Light Emitting DiodeE@) Equipment for Use in Lighting
Products

RELATED DOCUMENTS

1. Contract Drawings and conditions of Contract (idahg General Conditions, Addendum to
the General Conditions, Special Conditions, Divistd. Specifications Sections and all other
Contract Documents) apply to the work of this secti

2. Companion specification for ANSI-compliant photatwls.

3. MSSLC Model Specification for Networked Outdoor hisng Control Systems.

DEFINITIONS

Lighting terminology used herein is defined in IE3-16. See referenced documents for
additional definitions.

Exception: The term “driver” is used herein to latlyacover both drivers and power supplies,
where applicable.

Clarification: The term “LED light source(s)” is ed herein per IES LM-80 and TM-21 to
broadly cover LED package(s), module(s), and asjay(

PRODUCT REQUIREMENTS
1. Tabulated summary of key parameters and product teriexi
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Luminaire Designation: “A” (100W HPS Equivalent)
System Specification Method

Median width (including curbs, gutters, and shotdjie 0ft
Number of vehicular lanes (total on both sides eflian) 2
ROADWAY DATA Width of one vehicular lane 14 ft
Shoulder width (including gutter and curb) 0ft
IES pavement class. | R1 R2 R3 R4
Berm width (from curb to sidewalk) 6 ft
SIDEWALK DATA Sidewalk width 4 ft
Sidewalk on | Both sides of street  Pole side  Other side
Luminaire mounting height 275 ft
Arm length (horizontal) 6 ft
LIGHT POLE DATA Luminaires per pole 1
Pole set-back from curb 3ft
Pole spacing (one pole cycle, parallel to pathafel) 160 ft
Pole layout | One side  Opposite  Staggered  Median
PERFORMANCE CRITERIA
MAINTAINED ROADWAY ILLUMINATION
PHOTOPIC Average horizontal illuminance at pavement 4.4 lux
ILLUMINANCE Avg:Min uniformity ratio 6.0
Maintained Average Luminance 0.35 cd/m
LUMINANCE Avg:Min Uniformity Ratio 3.15:1
Max:Min Uniformity Ratio 65:1
DISABILITY GLARE Maximum Veiling Luminance Ratio 0.33:1
MAINTAINED SIDEWALK ILLUMINATION
PHOTOPIC Average horizontal at pavement 1.8 lux
ILLUMINANCE Avg:Min uniformity ratio (horizontal) 7.0
LED LUMINAIRE
INPUT POWER Max. nominal luminaire input power 55 W
VOLTAGE Nominal luminaire input voltage (or range as apilie) 120-277 V
LUMEN MAINT. Lamp Lumen Depreciation (LLD) 0.75
Luminaire Dirt Depreciation (LDD) 0.9
NOMINAL CCT Rated correlated color temperature 4000+ 300 K
BUG RATINGS Max. nominal backlight-uplight-glare ratings B2-U1-G3
WEIGHT Maximum Luminaire weight 25 b
EPA Max. effective projected area 1.0 fé
MOUNTING Method | Pc.)st-to_p Side-arm  Trun./yoke  Swivel-tenon _
Tenon nominal pipe size (NPS) | 2 inches
VIBRATION ANSI C136.31 | Level 1 (normal) Level 2 (bridge/overpass)
THERMAL ENVIRONMENT Typical min. ambi.ent temperature durihg operati?n -20 °C
Typical max. ambient temperature during operation 40 °C
ELECTRICAL IMMUNITY | (780 o (6?(?/5;03kA) ESQ@??&) (Scli\?t/efom
CONTROL INTERFACE None | ANSIC136.10 (3-pin) | ANSIC136.41 (5-pin) ANSI C136.41 (7-pin)
LED DRIVER Not dimmable | Dimmable, 0-10V (IEC 60929) | Dimmable, DALI  (IEC 62386)

Luminaire Designation: “B” (150W HPS Equivalent)
System Specification Method

225



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

Median width (including curbs, gutters, and shotdjle 0ft
Number of vehicular lanes (total on both sides efiran) 3
ROADWAY DATA Width of one vehicular lane 12 ft
Shoulder width (including gutter and curb) 0ft
IES pavementclass. | R1 R2 R3 R4
Berm width (from curb to sidewalk) 6 ft
SIDEWALK DATA Sidewalk width 5 ft
Sidewalk on | Bothsides of street Pole side  Other side
Luminaire mounting height 29.75 ft
Arm length (horizontal) 6 ft
Luminaires per pole 1
LIGHT POLE DATA Pole set-back from curb 3t
Pole spacing (one pole cycle, parallel to pathafel) 165 ft
Pole layout One side  Opposite  Staggered  Median
PERFORMANCE CRITERIA
MAINTAINED ROADWAY ILLUMINATION
PHOTOPIC Average horizontal illuminance at pavement 6.3 lux
ILLUMINANCE Avg:Min uniformity ratio 6.0
Maintained Average Luminance 0.4 cd/n
LUMINANCE Avg:Min Uniformity Ratio 33:1
Max:Min Uniformity Ratio 72:1
DISABILITY GLARE Maximum Veiling Luminance Ratio 0.35:1
MAINTAINED SIDEWALK ILLUMINATION
PHOTOPIC Average horizontal at pavement 2 lux
ILLUMINANCE Avg:Min uniformity ratio (horizontal) 5.3:1
LED LUMINAIRE
INPUT POWER Max. nominal luminaire input power 20 W
VOLTAGE Nominal luminaire input voltage (or range applicable) 120-277 V
LUMEN MAINT. Lamp Lumen Depreciation (LLD) 0.75
Luminaire Dirt Depreciation (LDD) 0.8
NOMINAL CCT Rated correlated color temperature 4000+ 300 K
BUG RATINGS Max. nominal backlight-uplight-glaretirags B2-U1-G3
WEIGHT Maximum Luminaire weight 251b
EPA Max. effective projected area 1.0 fé
MOUNTING Method - | .Postjtop Side-arm  Trun./yoke Swivel-tenon .
Tenon nominal pipe size (NPS) | 2 inches
VIBRATION ANSI C136.31 | Level 1 (normal) Level 2 (bridge/overpass)
THERMAL ENVIRONMENT Typ?cal min. ambignt temperature duripg operatign -20 °C
Typical max. ambient temperature during operation 40 °C
ELECTRICAL IMMUNITY oo Test Lavel | (6?(?/8;CSKA) (585\77056&) (Eé)?(?t/idOkA)
CONTROL INTERFACE None | ANSIC136.10 (3-pin)|  ANSI C136.41 (5-pin)]  ANSI C136.41 (7-pin)
LED DRIVER Notdimmable |  Dimmable, 0-10V  (IEC| Dimmable, DALI  (IEC 62386)

Luminaire Designation: “C” (250W HPS Equivalent)
System Specification Method

226



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

Median width (including curbs, gutters, and shotdile 0ft
Number of vehicular lanes (total on both sides eflian) 4
ROADWAY DATA Width of one vehicular lane 12 ft
Shoulder width (including gutter and curb) 0ft
IES pavementclass. | R1 R2 R3 R4
Berm width (from curb to sidewalk) 6 ft
SIDEWALK DATA Sidewalk width 5 ft
Sidewalk on | Bothsides of street Pole side  Other side
Luminaire mounting height 35 ft
Arm length (horizontal) 6 ft
Luminaires per pole 1
LIGHT POLE DATA Pole set-back from curb 3t
Pole spacing (one pole cycle, parallel to pathafel) 180 ft
Pole layout | One side  Opposite  Staggered  Median

PERFORMANCE CRITERIA

MAINTAINED ROADWAY ILLUMINATION

PHOTOPIC Average horizontal illuminance at pavement 12 lux
ILLUMINANCE Avg:Min uniformity ratio 3.0:1
Maintained Average Luminance 0.8 cd/nf
LUMINANCE Avg:Min Uniformity Ratio 3.2:1
Max:Min Uniformity Ratio 48:1
DISABILITY GLARE Maximum Veiling Luminance Ratio 0.34:1
MAINTAINED SIDEWALK ILLUMINATION
PHOTOPIC Average horizontal at pavement 5.7 lux
ILLUMINANCE Avg:Min uniformity ratio (horizontal) 2.7
LED LUMINAIRE
INPUT POWER Max. nominal luminaire input power 150 W
VOLTAGE Nominal luminaire input voltage (or range @pplicable) 120-277 V
LUMEN MAINT. Lamp Lumen Depreciation (LLD) 0.7
Luminaire Dirt Depreciation (LDD) 0.8
NOMINAL CCT Rated correlated color temperature 4000+ 300 K
BUG RATINGS Max. nominal backlight-uplight-glaretirzgs B3-U2-G3
WEIGHT Maximum Luminaire weight 351b
EPA Max. effective projected area 1.75 ft
MOUNTING Method | . Po§t-top Side-arm  Trun./yoke  Swivel-tenon .
Tenon nominal pipe size (NPS) | 2 inches
VIBRATION ANSI C136.31 | Level 1 (normal) Level 2 (bridge/overpass)
THERMAL ENVIRONMENT Typical min. ambignt temperature duri.ng operatipn -20 °C
Typical max. ambient temperature during operation 40 °C
ELECTRICAL IMMUNITY wave Tost Lowel | (6?(?/8;CSKA) 53.'33?%6&) (Eg)i\ﬁefom
CONTROL INTERFACE None | ANSIC136.10(3-pin) | ANSIC136.41(5-pin) | ANSIC136.41 (7-pin)
LED DRIVER Not dimmable | Dimmable, 0-10V (IEC 60929) | Dimmable, DALl  (IEC

Luminaire Designation: “D” (400W HPS Equivalent)
System Specification Method

ROADWAY DATA | Median width (including curbs, gutterand shoulders) 0ft
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Number of vehicular lanes (total on both sides eflian) 6
Width of one vehicular lane 12 ft
Shoulder width (including gutter and curb) 0 ft
IES pavementclass. | R1 R2 R3 R4
Berm width (from curb to sidewalk) 6 ft
SIDEWALK DATA Sidewalk width 5 ft
Sidewalk on | Bothsides of street  Pole side  Other side
Luminaire mounting height 41.25 ft
Arm length (horizontal) 6 ft
Luminaires per pole 1
LIGHT POLE DATA Pole set-back from curb 3 ft
Pole spacing (one pole cycle, parallel to pathafel) 180 ft
Pole layout | One side  Opposite  Staggered  Median
PERFORMANCE CRITERIA
MAINTAINED ROADWAY ILLUMINATION
PHOTOPIC Average horizontal illuminance at pavement 17 lux
ILLUMINANCE Avg:Min uniformity ratio 2.5:1
Maintained Average Luminance 1.2 cd/m
LUMINANCE Avg:Min Uniformity Ratio 20:1
Max:Min Uniformity Ratio 3.0:1
DISABILITY GLARE Maximum Veiling Luminance Ratio 0.32:1
MAINTAINED SIDEWALK ILLUMINATION
PHOTOPIC Average horizontal at pavement 9 lux
ILLUMINANCE Avg:Min uniformity ratio (horizontal) 3.2:1
LED LUMINAIRE
INPUT POWER Max. nominal luminaire input power 250 W
VOLTAGE Nominal luminaire input voltage (or range @pplicable) 120-277 V
LUMEN MAINT. Lamp Lumen Depreciation (LLD) 0.7
Luminaire Dirt Depreciation (LDD) 0.8
NOMINAL CCT Rated correlated color temperature 4000+ 300 K
BUG RATINGS Max. nominal backlight-uplight-glaretirzgs B4-U2-G4
WEIGHT Maximum Luminaire weight 351b
EPA Max. effective projected area 1.75 ft
MOUNTING Method _ | _Post_-top Side-arm  Trun./yoke Swivel-tenon _
Tenon nominal pipe size (NPS) | 2 inches
VIBRATION ANSI C136.31 | Level 1 (normal) Level 2 (bridge/overpass)
THERMAL ENVIRONMENT Typical min. ambignt temperature duri.ng operatipn -20 °C
Typical max. ambient temperature during operation 40 °C
ELECTRICAL IMMUNITY featLowar o WY (6?(6\1/3;C3kA) (585\77056&) (Eg)i\ﬁefom
CONTROL INTERFACE None | ANSIC136.10 (3-pin) | ANSIC136.41 (5-pin) | ANSI C136.41 (7-pin)
LED DRIVER Not dimmable | Dimmable, 0-10Vv  (IEC| Dimmable, DALI (IEC
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General Requirements

1.
2.

9.

Luminaires shall satisfy the key criteria summatiretheNormative References

Transmissive optical components shall be applieatocordance with OEM design guidelines
to ensure suitability for the environment (e.g.ecélomagnetic, thermal, mechanical,
chemical).

Any plastic materials used in the optical assentiidy affect the light output and distribution
shall be appropriately heat and UV resistant. Rlasaterials shall have been evaluated and
exhibit a Yellowness Index (YI) over the usefuklibf the product of no more than 30%. YI
reference ASTM E313 (ASTM D1925). A list of relevgnlastic materials used and the
plastic material manufacturer’s “YI” data reporefitbe provided with the bid documents.

Luminaire shall be designed for ease of comporegiacement and end-of-life disassembly.

Driver shall be mounted on a power door accessibteremovable without tools or by a flat-
blade screwdriver only, or

Driver shall be mounted on a power tray with keghslbts that is removable without tools or
by a flat-blade screwdriver only.

LED light source(s) and driver(s) shall be RoHS pbamnt.

Nominal luminaire input wattage shall account formnal applied voltage and any reduction
in driver efficiency due to sub-optimal driver load.

Luminaire shall accept the voltage or voltage rasigecified at 50/60 Hz, and shall operate
normally for input voltage fluctuations of plusminus 10 percent.

10. All internal components shall be assembled andwired using modular electrical quick-

connect style connectors.

11.The following shall be in accordance with corregjiog sections of ANSI C136.37 with

exceptions as noted.

a. Wiring and grounding

b. Terminal blocks for incoming AC lines (electricabims wires)

c. Photocontrol receptacle

d. Latching and hinging

e. Mounting provisions. The luminaire shall be prowddeith a leveling surface and shall
have a four-bolt anchoring/attachment means so he tapable of being oriented evenly
up to at 5 degree vertical tilt. The luminaire shall bdeato be rotated to any degree
with respect to the supporting arm.

f. Ingress protection: minimum rating of IP66 for @ptiassembly, and IP65 for Electrical
components compartment.

12.Hardware, nuts, bolts, screws, washers, etc. bleathade from 18-8 stainless steel, or steel

conforming to ASTM A307 galvanized in accordancgahwhASTM F2329, or alloy steel
fasteners coated with zinc and chromate (any cdtwrmaximum corrosion resistance for
fastener contact with aluminum.
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13. Grommets shall be installed in cable entry holeshl€ entry holes shall be free from sharp

edges which might cut conductors or an unglovedihan

14.All conductors inside the luminaire shall be neatgcured with tie-wraps as needed to

prevent pinch points and assist in troubleshooting.

15. Luminaires shall be rated for continuous servicerahmbient temperature of°4D(104F).

Painted or Finished Luminaire Surfaces Exposed Tade Environment

1.
2.

3.

Shall exceed a rating of six per ASTM D1654 afte®@d hours of testing per ASTM B117.

The coating shall exhibit no greater than 30% radoof gloss per ASTM D523, after 500
hours of QUV testing at ASTM G154 Cycle 6.

Exterior surfaces shall be smooth and free of bariseat checking.

Luminaires shall be painted with a suitable cowonsand UV resistant powder coating
system with a minimum coating thickness of 2.0 mils

The luminaire housing exterior color shall be Muh&eay.

Surface coatings shall pass a cross-hatch adhesbper ASTM D3359 and meet or exceed
a classification of 4B.

Manufacturer must furnish coating repair instrustioand make available to KCMO a
matching spot repair coating in aerosol form. Repaating when used shall meet all of
manufacturer’'s warranty requirements.

Thermal Management

1.

2.

3.

4.

5.

Luminaire shall start and operate in ambient temipee range specified.

Maximum rated case temperature of driver and oth&rnal components shall not be
exceeded when luminaire is operated in ambient ¢éeatpre range specified so as to provide
a rated system life of 100,000 hours of operation.

Mechanical design of protruding external surfadesat sink fins) shall facilitate hose-down
cleaning and discourage debris accumulation.

Luminaires containing vertical cooling fins or prading surfaces shall cool and operate
within design guidelines even if they become fillgith vegetation or other debris.

Liquids or other moving parts will not be allowest thermal management.

LED Driver, Photo-Control Receptacle, and Control hterface

1.

Drivers shall accept the voltage or voltage rangécated in section 4.1 at 50/60 Hz, and
shall operate normally for input voltage fluctuatsoof plus or minus 10 percent.

Drivers shall have a minimum Power Factor (PF) &00at full input power and across
specified voltage range, and across the rangeadirig due to dimmed states.

Driver inrush current shall be limited to 50A.
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4. Drivers shall be rated for 100,000 hours when i iasthe proposed fixture. Documentation
must be provided to support testing and reliability

5. Driver housings shall be made of aluminum with ar@sion resistant coating. Anodizing
gualifies as a corrosion resistant coating.

6. The Luminaire designation(s) indicated “ANSI C136.Z-pin” in section 1 shall be fully
prewired and shall incorporate an ANSI C136.41 daamnp receptacle. A dimmable LED
driver is specified, its 0-10V control wires shak connected to the receptacle pads as
specified in ANSI C136.41; connection of the twoneening pads shall be by Supplier, as
directed by Owner.

Electrical Safety Testing
1. Luminaire shall be listed to UL1598 for wet locasoand UL8750 by a U.S. Occupational
Safety Health Administration (OSHA) Nationally Regoized Testing Laboratory (NRTL).

2. Luminaire shall have locality-appropriate governigrk and certification.

3. Luminaire shall meet the performance requiremepéxified in ANSI C136.2 for dielectric
withstand, using the DC test level and configuratio

Electrical Immunity
1. Luminaire shall meet the performance requiremepéified in ANSI C136.2 for electrical
immunity, using the combination wave test leveligated in section 1.

2. Manufacturer shall indicate on submittal form ()ether failure of the electrical immunity
system can possibly result in disconnect of powdurinaire.

Interference and Power Quality
1. Luminaire shall comply with FCC 47 CFR part 15 nfeéeence criteria for Class A (non-
residential) digital devices.

2. Luminaire shall comply with section 5.2.5 (lumiresrated for outdoor use) of ANSI C82.77
at full input power and across specified voltagegea

3. Grounding requirements--Most Kansas City instadlagi comply with the NESC in which
not every pole is metal or earth grounded. Usuallgry sixth pole is earth grounded.
Common electrical distribution utilizes a Y circwith a phase to phase voltage of 208/480
and phase to neutral voltage of 120/277. The akistigrounded. Usually stray voltages of
10 volts or less are present in the neutral. The 2-wire connection, line and neutral with
no separate ground wire. The luminaire as a systeist function normally or as intended
without a separate earth ground connection at paleh

Color Attributes

1. Color Rendering Index (CRI) shall be no less than 7

2. Nominal Correlated Color Temperature (CCT) shall d% specified in thduminaire
Designation “A’- “B”- "C”"- “D” System Specification Method charts.
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a. If submitted nominal CCT is listed ihable 1 measured CCT and Duv shall be as listed
in Table 1

Table 1 Allowable CCT and Duv (adapted from ANSI C78.377

Manufacturer-Rated Nominal CCT (K) M:JJSOL\I’:ZSI%ICETS(:‘(';AJQ Chromatg;'g;:clilugjv
2700 2580 to 2870 -0.006 to 0.006
3000 2870 to 3220 -0.006 to 0.006
3500 3220 to 3710 -0.005 to 0.007
4000 3710 to 4260 -0.005 to 0.007
4500 4260 to 4746 -0.004 to 0.008
5000 4746 to 5311 -0.004 to 0.008
5700 5312 to 6020 -0.003 to 0.009
6500 6022 to 7040 -0.003 to 0.009

b. If submitted nominal CCT is not listed frable 1 measured CCT and Duv shall be as per
the criteria for Flexible CCT defined in ANSI C783

Identification

1.
2.
3.

Luminaire shall have an external label per ANSI €18.

Luminaire shall have an internal label per ANSI 622.

Each luminaire shall have a permanent label witluréque serial number for asset
management and warranty control. The numbering rsehshall be agreed upon by the
manufacturer and KCMO.

Luminaire Cleaning

1.

3.

Luminaire optical and electrical compartments muighstand a high pressure spray wash
procedure using a mild cleaning solution appliedhi optical assembly and the top of the
luminaire without compromising the integrity of theptical compartment, electrical
components, or photocontrol.

. The cleaning procedure consists of a high presspray wand using a #3 nozzle (0.043”

dia.) at 3000psi and flow rate of 2.6 GPM. Hot wate200F is first used for 30 seconds to
wash away larger dirt and debris. A mild detergsrthen applied to clean the surface, and
then a clean water rinse is applied.

This procedure is performed every 4 years.

REQUIRED SUBMITTALS

1.

2.

All submitted information must be in electronic roat. Documents may be in Microsoft
Word or Excel format, or in Adobe PDF format. Phoatdric files must be in IES format.
Completed Appendix A submittal form
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a. Family grouping in accordance with LED Lighting E&a¢s not permitted. An Appendix
B submittal form for each item must be submitted.

. Product cut sheets

a. Luminaire cut sheets

b. Cut sheets for LED light source(s)

c. Cut sheets for LED driver(s)
If dimmable LED driver is specified, provide diagrs illustrating light output and
input power as a function of control signal.

d. Cut sheets for surge protection device, if applieab

. Instructions for installation and maintenance

. Summary of luminaire recycled content and recytitgbi
Shall be in accordance with the FTC Green Guidegtessed as a percentage of luminaire
weight.
. IES LM-79 luminaire photometric report(s)
a. Shall be produced by the test laboratory
The test laboratory shall satisfy LED Lighting Fsaatcreditation requirements.
b. Shall include the following information
- Name of test laboratory
Report number
Date
Complete luminaire catalog number
Description of luminaire, LED light source(s), anéD driver(s)
Goniophotometry
i. IES TM-15 Backlight-Uplight-Glare (BUG) ratings dhée for initial (worst-
case) values, i.e., Light Loss Factor (LLF) = 1.0.
ii. If luminaires are tilted upward for ENERGY STAR TR calculations, BUG
ratings shall correspond to the same angle(s)tof ti

. Lumen maintenance calculations and supportingdizst
a. Shall be in accordance with LED Lighting Facts gunce.
Exception: calculations shall be based on 100,0@0utative hours of operation.
b. Submit completed ENERGY STAR TM-21 Calculator ashettronic Excel file.
. Computer-generated point-by-point photometric agialgf maintained light levels
a. Calculation/measurement points shall be per IES8RBeparated vehicular lanes,
bikeways, and walkways shall be evaluated separatel
b. Calculations shall be for maintained values, iight Loss Factor (LLF) < 1.0,
where LLF = LLD x LDD, and
Lamp Lumen Depreciation (LLD) shall be as statedaation 4.1.
Luminaire Dirt Depreciation (LDD) shall be as sthte section 4.1.
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Mesopic multipliers (i.e., effective luminance faxg) shall not be used. All values
shall assume photopic visual adaptation.

Submit IES LM-63 format electronic files containingminous intensity data
associated with submitted LM-79 report(s) and usegboint-by-point calculations.

9. Summary of Joint Electron Devices Engineering Cdud&DEC) or Japan Electronics and
Information Technology Industries (JEITA) reliabjltesting performed for LED packages

10. Summary of reliability testing performed for LEDbr(s)
11. Written product warranty as per section 0 below

12. Safety certification and file number indicating qarance with UL 1598
a. Applicable testing bodies are determined by the OE8cupational Safety Health
Administration (OSHA) as Nationally Recognized TiegtLaboratories (NRTL) and
include: CSA (Canadian Standards Association), EHdlison Testing Laboratory), and
UL (Underwriters Laboratory).

13.Documentation supporting any U.S. origin claims tleg product, in accordance with FTC
guidance.

QUALITY ASSURANCE

1 Before approval and purchase, Owner may requeshaira sample(s) identical to product
configuration(s) submitted for inspection. Owner ym@equest IES LM-79 testing of
luminaire sample(s) to verify performance is withmanufacturer-reported tolerances.

2 Electrically test fully assembled luminaires befehgoment from factory.

3 After installation, Owner may perform IES LM-50 Ifle measurements to verify
performance requirements, giving consideration taanuafiacturing tolerances and
measurement uncertainties as outlined in IES LMu6d NEMA LSD 63.

QUALITY ASSURANCE PLAN, INSPECTION AND TESTING

The Contractor or Supplier to the city (herein redd to as the Contractor) shall submit at the
time of shop drawing submittals a detailed qualissurance plan of the selected luminaire
manufacturer that includes: manufacturer's writggactices, procedures, and instructions, or
ISO-9000 Certification.

1. Routine Testing Each luminaire shall be electrically tested aca@dance with ANSI and
UL requirements. Certification that luminaires bawmet the ANSI requirements is to be
supplied with each shipment. ANSI test valuesdioe luminaire from each shipment or a
minimum of one per five hundred units shall be jed with each shipment. Failure of
luminaires to pass electrical tests will be causeadjection of individual luminaires.

2. Laboratory Testing. Testing of luminaires shall be required for eacbduction run and
whenever the quantity of luminaries of a given agét and distribution is 200 or more. For
each luminaire type to be so tested, one luminadus one luminaire for each 200 luminaries
shall be tested i.e. 300 luminaries would dictat® three be tested; 500 luminaires would
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indicate that four be tested. KCMO may at any tadneang the luminaire production select a
luminaire at random from any facility, warehouse factory site and on a written notice to

the manufacturer request testing on that luminaech testing shall reduce the number of
luminaires to be tested by one. The manufacturaell allow for Kansas City personnel to

witness and review production as may be randondyrel@. Requests shall be in writing.

Two options shall be available, for selection bynofacturer for the required testing.
These shall be as follows:

In-Plant or Storage Facility Selection for IndepentdLab: The Manufacturer shall
propose an independent test laboratory for apprioyd CMO. The Manufacturer shall
arrange for the KCMO Inspector to select luminaieésthe manufacturer’'s plant or
storage facility for testing. The selected lumieaishall be marked by the Inspector and
shipped to the independent laboratory for tests.

Independent Witness of Manufacturer Testing: Theacturer shall arrange a time for
the KCMO Inspector to select luminaires and to estthe required tests as performed at
the luminaire manufacturer’'s own test site.

The selection of the testing option 1 or 2 shall hade by the manufacturer and
presented with the bid. If required, the proposetependent laboratory shall also be
named. The manufacturer shall inspect each lunaeimaior to packing for shipment.

The Contractor will be responsible for all testiogsts associated with the selected test
options including the costs of KCMO inspector tentlfy test units and witness the tests.
Units are to be selected at the location of testmifperwise at the manufacturer’s
expense. If a retest is required due to a tekirégithe Contractor shall reimburse the
KCMO inspector for actual travel expenses (transian, lodging, and meals) plus an
hourly rate for time including travel time.
The testing performed shall include photometric alettrical tests. Photometric testing
shall be in accordance with IES recommendations @and minimum shall yield:
a. An isofootcandle chart
b. An isocandela diagram

. Maximum plane and maximum cone plots of candela

c
d. A candlepower table (house and street side)
e
f

. A coefficient of utilization chart
. A'luminous flux distribution table including upplkeemisphere
. Complete computer calculations based on speciégdirements and test results

Electrical, mechanical, and sound testing shallf@om to NEMA and ANSI standards
and, as a minimum, shall yield:

a. A complete check of wiring connections
b. A luminaire dielectric withstand test per ANSI C136

(o]
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Total Driver losses in watts and percent of ingui@h input voltage extremes
Maximum temperature at Driver test point after thak stabilization of luminaire
Drive current to LEDs

Power factor (minimum over the design range of inpoltage at nominal lamp

voltage)

g. A table of Driver characteristics showing input args, watts and power factor,
output volts, amperes, and watts as well as Driesses over the range of input
voltages

h. A Mechanical Test: One luminaire selected for tegtshall be vibration tested per
ANSI C136.31 and inspected physically for vibratdamage

i. An IP test shall be performed on one of the lunesiselected for testing and
physically inspected for leakage

A summary report and the test results shall beifiegltby the KCMO witness or

Independent Lab, and shall be sent directly to KCMO

~ o oo

3. Retesting Should any of the tested luminaries of a givatrithution type and wattage fail
to satisfy the specifications and perform in aceoat with approved submittal information,
the luminaire of that distribution type and wattapall be unacceptable and shall be either:

a. Replaced by alternate equipment meeting the cdnépaexifications. The submittal and

b.

testing process shall be repeated in its entirety.

Corrected to achieve required performance. Inctds® of corrections, the Manufacturer
shall advise KCMO of the corrections made and stesjlest a repeat of the specified
testing. If the corrections are deemed reasonapl€CMO, the testing process shall be
repeated as defined herein. The number of lungedio be retested shall be the same
guantity as originally tested, i.e. if selectiomuaed 5 luminaries to be tested and one
failed, an additional 5 shall be tested, if 2 fdilen additional five need to be tested.
Luminaries that are not corrected shall not bestestithout prior approval from KCMO.
Retesting shall include all tests required.

All costs, for retesting due to luminaires failing meet specifications, shall include
KCMO Inspector’'s fee and travel and shall be at t@mtor's expense. At least two
weeks advance notice is required for the KCMO vasn travel. Coordination shall be
the Contractor’s responsibility. Failure to coorate arrangements and notice shall not
be grounds for additional compensation or extensfdime.

WARRANTY

1. Warranty shall be of a minimum duration of 10 yeansd shall cover maintained integrity
and functionality of the following:
a. Luminaire housing, wiring, and connections
b. LED light source(s);
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Warranty shall cover all LED light sources (package modules/arrays) including but
not limited to the LED die, encapsulate, and phosphf the expected useful life of the
luminaire system as defined in Section 7.8 belown® maintained, then the
manufacturer shall replace the light source(syorihaire as needed.
Negligible light output from more than 10 percefttlte LED packages constitutes
luminaire failure.
c. LED driver(s)
d. Surge Protection Device (SPD)

The warranty shall include a statement of accegtanthe luminaire cleaning procedure.
Acceptance of grounding conditions must be stategtie warranty.

Warranty period shall begin 90 days after datengbice, or as negotiated by owner such as
in the case of an auditable asset management system

Labor coverage shall be provided for products thiiwithin the first year of service. This
shall be $75.00 per failed luminaire.

The manufacturer shall provide a failure report dach luminaire failure within a 30 day
time frame of return of a failed luminaire.

The manufacturer agrees to replace like luminairelike luminaire for the full warranty
period, i.e. no replacement parts for failed lumiggm

During the warranty, if any product purchased untl@s contract is obsoleted, the

manufacturer agrees to submit complete documentatia testing results for recommended
replacement to owner for review and acceptance poi@iscontinuing the current product.

Manufacturer also agrees to set aside for ownedglbver to owner, a number of luminaires
representing the current known failure rate of daichinaires for the remainder of the

warranty period.

Lumen Maintenance. Lumen depreciation is assumedollow an exponential decay
function of the form L = 100€ , and luminaires are assumed to operate at fullep@n
average of 12 hours per day over the course of gagh Lumen maintenance shall be as
indicated inTable 2 below, depending on rated useful life.

Table 2. Required Lumen Maintenance at End of 10 y Warranty Period

Lo lifetime claim (hrs) Minimum lumen maintenance at 43,800 hours operdgtn

100,000 92.5

MANUFACTURER SERVICES
Manufacturer or local sales representative shalide installation and troubleshooting support
via telephone and/or email.

ELIGIBLE MANUFACTURERS
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Any manufacturer offering products that have beenqualified by KCMO may be considered.
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Appendix A - Product Submittal Form

Luminaire designation

Luminaire manufacturer

Luminaire model number

Nominal IES TM-15 BUG ratings B= U= G=

Product family testing _ Su_bmitted product is Submitted pr_oduc_t differs from tested
identical to tested product product(s) as explained in attached letter

Housing finish color

Tenon nominal pipe size inches

Nominal luminaire weight Ib

Nominal luminaire EPA ft?

Nominal luminaire input voltage Y,

Control interface None ANSI C136.10 A.NSI C136.41 ANSI _

(3-pin) (5-pin) C136.41, 7-pin
LED driver Not dimmable (IEIélrg(r)gz;tg)e, 0-10v (IEglgg%%f’ DALI

Electrical immunity—ANSI C136.2
combination wave test level

Basic (6kV/3kA)

Enhanced (10kV/5kA)

Elevated 20kV/10kA)

Upon failure of electrical immunity system

Possible disconnect

No possible disconnect

ANSI C136.31 vibration test level

Level 1 (Normal)

Level 2 (bridge/overpass)

Thermal management

Liquids or moving parts

No liquids or moving parts

Luminaire warranty period Years
Rated life of LED driver(s) Hours
IES LM-80 test duration Hours
LED lumen maintenance * Reported (restricted) Calculated (unrestricted)
Make/model of LED light source(s)

e Nominal value Tolerance (%)
Luminaire input power—initial w W
Luminaire input power—maintained ** w W
LED drive current—initial mA mA
LED drive current—maintained ** mA mA
In-situ LED T; °C °C
LED lumen maintenance ** % %
CCT K K

Additional product description

* Manufacturer shall indicate which is applicabténgéck only one box) as petUMINANCE MAINTENANCE CALCULATIONS AND SUPPORTING T EST
DATA. According to IES TM-21, “Reported” values arstrieted to 5.5x or 6x (depending on sample size)duration of IES LM-80 testing, whereas “Calcedtit

(i.e., projected) values are unrestricted.

** As per LUMINANCE MAINTENANCE CALCULATIONS AND SUPPORTING T EST DATA

Note:

239



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

LABORATORY TESTING FOR ALL LUMINAIRES

Laboratory testing of luminaires may be conductaddomly on selected luminaires prior to
shipment. The luminaire selected by the City Wélsent to an independent testing laboratory or
for witnessed testing at manufacturer’s facilitydahe results will be submitted to the City for
approval. The Contractor shall notify the City sigreks prior to the shipment of the luminaires
and shall coordinate any testing that may be reduir

1. Testing Costs

The City will be responsible for all testing costssociated with the random testing of the
selected luminaires. In the event the test result® failure in any of the specification
requirements, then the Contractor shall reimbureeCity for all testing costs.

2. Test Failure

Should any of the tested luminaries fail to satiig specifications and performance in

accordance with approved submittal information a&edtification, all luminaires shall be

considered unacceptable and shall be either:

a. Replaced by alternate equipment with certificatitiat luminaires have met all the
requirements of this specification for City appribv@he City has the right to inspect the
new luminaires and conduct additional testing dgfuieed; or

b. Corrected to achieve required performance. Thetr@ctor shall advise the City of the
corrections and provide certification that lumieaihave met all the requirements of this
specification. The City has the right to inspdu torrected luminaires and conduct
additional testing if required.

c. Any additional testing cost (due to failure) shadlpaid by the Contractor.

LUMINAIRE SHIPMENT AND DELIVERY

1. The following documents shall be required with elrhinaire shipment:
Manufacturer’'s name

Type and quantities of luminaires including a

A dimensioned drawing of the luminaire (one peretgb luminaire)
A copy of shipping ticket

Luminaire Certification (as described above)

PO T

2. Luminaire Delivery

a. The manufacturer shall inspect each luminaire gagracking for shipment.

b. Luminaires will be packaged and shipped in accardamith standard industry practice
cushioned to prevent breakage or damage in tramsit may be shipped in multiple
containers or individual boxes.

c. Each luminaire package shall contain installatiastructions for which shall contain at
least the following instruction items:

I. General warnings as to type of usage and elecsafaty, lamp type, etc.
ii.  Removal of access door
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iii.  Insertion of mast arm

iv.  Wiring

v.  Photoelectric control installation

vi. Final assembly and installation instructions inahgdamp in-socket tightness
vii. Distribution type of adjustment

viii. Method of adjusting and leveling

ix. List of distributions for different lamp types asdcket positions

X.  Maintenance - replacement of parts

xi.  Cleaning instructions

3. Each shipping container shall be clearly markethtticate contents, manufacturer, model,
lamp and ballast types, electrical ratings, angrslent identification number.

LIGHTING CONTROLS

Smart Controls

Adaptive controls and remote monitoring specifimas shall follow The U.S. Department of
Energy (DOE) Municipal Solid-State Street Lighti@pnsortium’s Model Specification for
Networked Outdoor Lighting Control Systemsww.ssl.energy.gov/consortium.html

Photoelectric Controls
Photoelectric controls shall meet or exceed aluiregnents of the latest revision of ANSI
C136.10.

1. Line Voltage: Operation range shall be 105-28%svAIC at 60 hertz.

2. Turn On/Off: Turn on shall be 1.5 +/-0.3 foot-caesll Turn off shall be a maximum ratio of
turn off to turn on of 1.5:1.

3. Photo Sensor: The cell shall be cadmium sulfideé be sealed to prevent moisture and
contamination damage. This may be accomplisheda bgonformal coating or epoxy
encapsulation.

4. Failure Mode: Control will fail “on” (per ANSI).

5. Time Delay: Control must have essentially instaatais “on” response to allow for easy
testing. A two to five seconds 'OFF' delay is fegph Operating temperature shall have
minimal effect on time delay duration.

6. Surge Protection: Shall be in the form of a mesatle varistor (MOV) wired line to neutral.
MOV shall be a minimum of 160 joules.

7. Calibration: Each unit must be calibrated in prctchn using a photometer whose accuracy
is traceable to the National Institute of Standamdd Technology (NIST.) 100% quality
control inspection must be performed after calibratind final assembly.

8. Chatter: Contact 'chatter' on opening of contatttsn(OFF photoelectric control) shall not
exceed 5 milliseconds.
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9. Housing Strength: The cover of the photoelectantml shall be of an impact and ultra-
violet light-resistant material. Impact resistamméegreater than 1.0 ft-lbs over the intended
operating temperature range of the device is reduiCover color shall be gray.

10.Drop Test: The photoelectric control must be cépalb withstanding a drop of 3 feet to a
concrete floor without causing damage to the ha@usimchanging electrical operation.

11.Housing Size: Diameter of photoelectric contrattsghall be a minimum of 3 inches.
12.Plug Blades: Blades shall be made of brass.

13.Markings: The following markings shall appear dme tbase: month and year of
manufacture; individual serial numbers; completedatodescription; operating voltage
range; load rating; and provision for marking itisteon and removal dates.

14.Warranty: Eight (8) years, one for one controlaepment.

EQUIPMENT INSTALLATIONS
This section governs the installation of streetlighles, luminaires, lamps, and the connection of
the luminaires to the distribution system.

Connection to the Distribution System

1. Underground: The luminaire shall be connected ®distribution system through in-line,
waterproof, breakaway fuse holders installed ingbke wiring and fused. Sufficient slack
shall be left in the pole wire so that the fusedeot can be brought out of the pole through
the hand hole for fuse replacement or disconnectiime wire shall be without splices from
the fuse holder to the connection at the luminairejoint use poles, cables shall be clearly
identified with plastic or metal tags as streetifigables. The neutral shall not be fused.

2. Overhead: The luminaire shall be connected to isteilslition system by splices located at or
adjacent to the 'eye nut' located at the pole top.

3. Pole Installation on a Concrete Foundation. Nonsodhan five days after construction of
the foundation, a nut, and washer shall he installe each anchor bolt. The pole base shall
then be installed on the anchor bolts and heldlacepby another washer and nut on each
bolt. Using the lower nuts, the pole shall be lgidunto vertical alignment (plumb) without
shims, the top nuts tightened, and the anchordmlérs installed. The luminaire and arm
shall project from the street side of the pole &edperpendicular to the curb line. The
opening between the pole base and the foundatahlshtaped and grouted as shown on the
Standard Drawings.

4. Pole Installation on Screw Anchor Foundations.
The pole shall be fastened to the foundation wahs and nuts. The pole shall be checked
and made plumb without shims, the nuts shall bbtdiged, and the anchor bolt covers
installed. With proper pole installation, the luraire and arm shall project from the street
side of the pole and be perpendicular to the cumb. IScrew anchor foundations shall be
power installed using an adapter on a power diggéere shall be no pre-boring except for
a depression to improve location accuracy. A spavel shall be used to insure the
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foundation is plumb as it is rotated into the eafthe rotation shall continue until the bottom
of the foundation base plate is at ground levelurgation, shaft diameter, base plate size,
shaft length and bolt circles details shall be sham the plans or otherwise indicated.
Foundations shall be fully coordinated with the gsokhpplicable to the project. Provide
conduit bends routed into 12"x2.5" oval hole lodateshatft side.

. Luminaire Installation

Prior to installing any luminaire, the Contractdral perform a visual inspection of the
luminaire in the warehouse to determine whethetuhenaire is damaged; test the luminaire
to determine whether the lamp is firing and perf@rcontinuity test for the luminaire wiring.

. Luminaire Installation on Wood or Metal Pole

The luminaire and arm shall be installed on theepas shown on the plans or on the
Standard Drawings. The luminaire and arm shaljggtdrom the street side of the pole and
be perpendicular to the curb line.

. Luminaire Installation on Traffic Signal Mast Arnole

When required, the luminaire slip fitter shall Imstalled on the traffic signal mast arm pole
on a davit arm and pole extension (when necessafy)e luminaire and davit arm shall
project from the street side of the pole and b@gmdicular to the curb line. The Contractor
shall be responsible for all coordination with iey’s Traffic Operations section of Public
Works.

. Luminaire Adjustments

The complete street lighting unit consisting ofggahast arm and luminaire shall be leveled
(with a tolerance of 0.5 degrees from vertical)d dhe luminaire horizontal axis shall be
installed parallel to the road surface.

. Luminaire Roadway Alignment

Pole location, luminaire mounting height, bracletdth, and angle of bracket/mast arm shall
be chosen to align luminaire positions at the sdmegght and transverse position
(overhang/setback) on each individual street. Aé&d and arm should be perpendicular to
the edge of the street. On a curved street, itilghibe perpendicular to the tangent to the
curve at the pole.

10.Lamp Installation

The installation date shall be marked on the bdsee lamp prior to installing it in the
luminaire. The lamp shall be installed after tldepand luminaire have been erected.

Overhead Connection to the Distribution System

The luminaire shall be connected to the distribusystem by splices located at or adjacent to
the 'eye nut' located at the pole top.

1. Luminaire Installation: Prior to installing any limaire, the Contractor shall

a. Perform a visual inspection of the luminaire in tharehouse to determine whether the
luminaire is damaged

b. Test the luminaire to determine whether the lanfpirsg

c. Perform a continuity test for the luminaire wiring

2. Luminaire Installation on Wood Pole: The luminaied arm shall be installed on the poles
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as shown on the plans or on the Standard Drawidge luminaire and arm shall project
from the street side of the pole and be perpenali¢althe curb line.

3. Luminaire Adjustments: The complete street lightumgt consisting of pole, mast arm and
luminaire shall be leveled (with a tolerance of Gegrees from vertical), and the luminaire
horizontal axis shall be installed parallel to tbhad surface.

4. Luminaire Roadway Alignment: Pole location, lumimamounting height, bracket length,
and angle of bracket/mast arm shall be chosendn kiminaire positions at the same height
and transverse position (overhang/setback) on eatikidual street. The head and arm
should be perpendicular to the edge of the stre@m a curved street, it should be
perpendicular to the tangent to the curve at the. po

5. Lamp Installation: The installation date shall barked on the base of the lamp prior to
installing it in the luminaire. The lamp shall bestalled after the pole and luminaire have
been erected.

Underground Cable Installation

This section governs the installation of undergobwable in duct or cable in conduit where
shown on the plans or where directed by the Enginédeincludes trenching, placing duct, or
conduit, backfilling, connecting to overhead calaed surface restoration. The work shall be
done in accordance with these specifications, taadard Drawings, and the Special Provisions.
Wires and cables shall be carefully installed toidvdamage to insulation. Wire lubricant shall
be used when pulling wires into conduit. The loant shall be non-injurious to conduits,
conductors, insulations or jackets and the lubibcashall be U.L. listed. Deviations required
due to the terrain or underground obstructionsl sf&ain accordance with the National Electric
Code, ANSI C1, the National Electric Safety Cod&lSA C2, and have prior concurrence of the
Engineer. All duct and conduit shall be routecatmid root damage and the ends of the duct
shall be sealed with duct sealant and mounted enhidnd hole to prevent the entrance of
moisture and contaminants.

Overhead Cable Installation

Overhead cable installation includes cable, pale hardware, anchors, guys, grounds, and all
necessary connections. The work shall be donec@ordance with these specifications, the
Standard Drawings, the Special Provisions, the ddati Electrical Safety Code, and utility
company requirements. All terminations shall bewsdge clamp and connections made with
bolted type connectors. When cut, the insulatetgotors shall be secured to the messenger
with aluminum tie straps. New connectors shalubed as required. For overhead conductors,
crimp-type (“Burndy”) connectors shall be used &tirtaps. The phase tap shall be taped with
Scotch #33 or equivalent.

Guy Wire Installation

Span guys, down guys and pole key guys’ instahatishall meet the National Electric Safety
Code requirements.

1. Span Guys: Pole-to-pole span guys shall use newndstranded steel guy wire.
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2. Down Guys: Pole-to-ground guys requiring replacensiall use new % inch stranded steel
guy wire. New anchors, if needed, shall be 808D Ftelix with 5/8 inch anchor rod.

3. Pole Key Guys: Underground expanding metal polesKblade type) shall be a minimum of
250 square inches expanded. Pole keys used KGMO lighting system are manufactured
by Hubbell/Chance. Other pole key systems may utestguted upon verification by the
City.

Conduit and Duct Installation

This section governs the installation of undergobwable in duct or cable in conduit where
shown on the plans or where directed by the Engindieincludes trenching, placing duct, or
conduit, backfilling, connecting to overhead calded surface restoration. Pushing, micro
tunneling or boring shall be used instead of tremghio minimize the removal and repair of
sidewalks, driveways, and roadways. Trenching begllowed in areas with rock.

The work shall be done in accordance with theseisgations, the Standard Drawings, and the
Special Provisions. Wires and cables shall befallyanstalled to avoid damage to insulation.
Wire lubricant shall be used when pulling wiresoirdonduit. The lubricant shall be non-
injurious to conduits, conductors, insulations axkets and the lubrication shall be U.L. listed.
Deviations required due to the terrain or undergdoabstructions shall be in accordance with
the National Electric Code, ANSI C1, the Nationddfric Safety Code, ANSI C2, and have
prior concurrence of the Engineer. All duct andadat shall be routed to avoid root damage and
the ends of the duct shall be sealed with ductséaind mounted in the hand hole to prevent the
entrance of moisture and contaminants.

Cable Duct/Conduit Installation Methods

Pushing, micro tunneling or boring shall be usestead of trenching to minimize the removal
and repair of sidewalks, driveways, and roadwayable duct and conduit shall be installed at a
minimum depth as indicated below. Trenching maglb@ved in areas with rock.

Trenching

The trench shall be no more than 12 inches in widththe bottom of the trench is in rock or
rocky soil, the duct shall be placed on a 6 inaftgutive layer of clean, tamped backfill, meeting
City requirements.

Depths

Ducts/conduits shall be installed at depths a<atdd:

1. Duct depth in trench under bare earth, streetdywags, roads, alleys, driveways, and
parking lots shall be 24".

2. Duct depth in trench below 2" thick concrete shall12".

3. Duct depth in trench below 4" thick concrete slaithwio vehicular traffic and the slab
extending not less than 6" beyond the undergronsigdlilation shall be 4".

4. Duct in solid rock shall be covered by a minimunRbbf concrete extending down to rock.

5. Duct depth in all locations not specified in 1 tdrghall be 18".
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Backfilling

Backfill within six inches of the conduit or cabdéhall be free of rock or other solid material
likely to damage the conduit or cable. The batkhlall be compacted to a density at least 90%
of the maximum density for the material used aemeihed by ASTM Designation D698 and
within the tolerance of the moisture for the tydenmaterial at 90% of maximum density as
shown on the moisture-density curve obtained. Sikénches of backfill nearest the cable shall
not be machine compacted. Contractor shall incitléackfilling cost into installation costs.
No additional separate payments are allowed fokfilag.

Rock Excavation

All encountered rock shall be documented and regord the City Engineer; rock excavation
costs in general are included in the installatiostg. No additional separate payment is allowed
for rock excavation unless it is clearly specif@dthe plan and construction document.

Conduit Marking

The Contractor shall furnish and install aluminurarkers, which shall be placed in the top of
the curb directly over the underground conduit.e Tharker shall be 2” in diameter and 2 ¥4~
long and shall be clearly identifie@ity of KCMO - ELECTRICAL CONDUIT.
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C. POLE ATTACHMENT/REPLACEMENT PROJECT REQUIREMENTS

This document is to provide the owner, contractod design professional with information

required by the city to complete a pole attachmepkacement. It is the responsibility of the

contractor and designer to visit the site and gefuainted with all conditions affecting the

design. All the information provided must be trunel @ccurate. Any information not provided or
to be found inaccurate may result in delays ingheeess. This document is for reference only
and does not constitute a complete list of all getimat may be required for approval. This
document is subject to change without notice.

Part 1 — Procedure for Initiating and Completing aPole Attachment/Replacement

1.01

1.02

1.03

Contact the Public Works Department, Street Lightidivision (Sara Hurst, (816) 513-
9882, sara.hurst@kcmo.oyg to develop an Attachment/Replacement Agreement.
Agreement must be finalized prior to submitting nslafor review. Any new pole
installation in the city right-of-way for attachntéeplacement will have to be approved by
the city.

Contact Public Works Department, Street Lightingi§lon (Sara Hurst, (816) 513-9882,
sara.hurst@kcmo.oygvith a scope of work and a spreadsheet withtafipoles,

identified by luminaire numbers (three letters &mat numbers), that are requested for
attachment/replacement. The city will review theyaded list for viability and provide
comments to the point-of-contact. Each submittakpge shall not exceed fifty (50) poles.
All submittals shall be in both electronic and pajoemat. The city has the right to deny
the proposed attachment/replacement due to tedhaesthetic or other reasons.

Submit plans, required documentation and submitfédsed below) to Public Works
Department, Street Lighting Division (Sara Hurst1§) 513-9882sara.hurst@kcmo.oyg
All resubmittals must be tracked on the Title Pagihe Revisions Block.

a. Provide the Attachment Agreement.

b. Provide a Structural Load Analysis sealed by acstimal engineer that addresses new
equipment and all attachments that are on the mupele (arm, luminaire, signs,
banners, flags, other telecommunication equipnetat).

c. Provide an approval/acceptance from municipal ptgpewners (Parks and Rec.,
MODOT, etc.) and special neighborhood groups (Downt Council, Main Core,
Plaza, etc.).

d. Provide Voltage Drop Calculations (at the requéshe reviewer).

Provide contact information for annual billing.

Provide a certified letter that outlines the Emere Response Protocol per the

Attachment Agreement. The letter shall provide paktinent information to include

contact/notification information, pole manufactureames and model/serial numbers,

timeline for acquisition of new equipment and rasg® procedures (pole damage,
knockdown, pole removal/relocation), and coordmatrequirements with the City’s

Maintenance Contractor.

= o
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g. Provide a photograph of the pole being used thatvstthe entire pole, the luminaire
ID number and all current attachments on the pole.

h. Provide shop drawings for the new pole and any equipment. The new pole and
equipment must comply with all applicable codes siiathdards.

i. Submit approval from KCPL for any attachment reapgrpower from street light
circuits/controls.

All plans and documentation must be submitted atshme time and shall reference the
address and luminaire number(s). All review commenill be submitted to the POC

within 2 weeks or per agreement. Plans, Load Amalgnd other submittals must be
approved before a permit will be issued.

Contact the City of Kansas City Permits Departnfentthe permitting process. It is the
contractor’s responsibility to obtain all requirqermits and schedule all required
inspections.

Contractor must contact Public Works DepartmenteedtLighting Division (Sara Hurst,
(816) 513-9882sara.hurst@kcmo.oy® business days priotto the start of work to notify
the city of your intention to begin work. A pre-pestion will be made to determine current
state of the site and pole. A Street Lighting ircdpewill be assigned to the project and
will coordinate all necessary inspections with ¢batractor.

The contractor shall verify the location of all liiies to include underground pipelines,
conduits, structures and overhead lines by comigctihe owners of the utilities. The
contractor is responsible for making his own deteation as to the type and location of
underground and overhead utilities as necessaydinl damage.

The contractor shall coordinate streetlight powscahnection. If the pole is direct fed and
has no means of disconnection, the contractorsgoresible for making arrangements to
disconnect power. Power disconnection must be nbgde licensed electrician with the

City of Kansas City, MO and be a KCPL certifieddiman. This service can be provided by
any company meeting these qualifications or by maintenance contractor, Black and
McDonald. The City of Kansas City is not resporsifar coordination or payment of any

part of the work to be done.

The contractor shall complete the installation qtipment and restore the site to city
standards. All costs for removal and reinstallat@nexisting attachments shall be the
responsibility of the attachees.

Coordinate an electrical service inspection with @lssigned Street Lighting Inspector. The
inspector will notify KCPL when service is approve8ervice equipment must be
permanently labeled with the numeric address ofetp@pment. Labels shall be 4 inch
series “C” upper case black characters on silvao-eflective sheeting with pressure
sensitive adhesive backing. Service must be iestgler plan or the plan must be revised
and approved through the city.
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1.10 Coordinate attachee’s utility information with Magi One Call. Provide all necessary
information to Missouri One Call to identify attaagis underground systems for locate.

1.11 Coordinate final inspection with the Street Liglgtimspector. Provide a complete set of as-
built plans and photos depicting all attachmentthatfinal inspection. All changes to the
city approved plan must be approved prior to thekviieing completed. Provide a label on
the pole with the attachee’s emergency contactrnmdtion. If the pole is owned by the
attachee, provide a permanent pole ownership iiEation label installed per plan.

Part 2 — Maintenance

2.01 Contractor must contact Public Works DepartmenteedtLighting Division (Sara Hurst,
(816) 513-9882sara.hurst@kcmo.oy® business days prioito the start of work to notify
the city of your intention to begin maintenance kvoh pre-inspection will be made to
determine the current state of the site and pol8tréet Lighting Inspector will be assigned
to the project and will coordinate all necessagpections with the contractor.

2.02 Obtain all required permits from the City of Kan<zity Permits Department for work to
be performed (street closure, sidewalk closure).etc

2.03 All maintenance work should be coordinated with maintenance contractor, Black and
McDonald, 6001 Front Street, Kansas City, MO 64Iflephone: (816) 483-0257.

Part 3 — Applicable Codes and Standards
3.01 National Fire Protection Agency (NFPA) 70, Natio&#ctric Code (NEC) 2011

3.02 National Electric Safety Code (NESC)

3.03 American Association of State Highway and Transgarh Officials (AASHTO),
Standard Specifications for Structural SupportsHmhway Signs, Luminaires and Traffic
Signals, & Edition.

3.04 American Public Works Association (APWA) and anppglemental changes.
3.05 American with Disabilities Act (ADA) of 1990.

3.06 American National Standards Institute (ANSI), Alll’Accessible and Usable Buildings
and Facilities Standard.

3.07 Kansas City Power and Light (KCPL), Electrical SeevStandard (latest edition)
3.08 Occupational Safety and Health Act (OSHA) of 1970

3.09 National Fire Protection Agency (NFPA) 70E, Stawddor Electrical Safety in the
Workplace (Latest edition)
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Part 4 — Plan Requirements

4.01 1t is the responsibility of the designer to visietsite and get acquainted with all conditions
affecting the design. All the information providedust be true and accurate. Any
information not provided or to be found inaccuratay result in delays in the plan review
process. Any inaccurate information found aftempefissuance may result in revocation
of permits.

4.02 Designers shall coordinate the availability of poveexd service entrance design with
KCPL. All applicable KCPL Electrical Service Standa shall be included on plans for
review.

4.03 All pages:

a. Provide page number.
b. Provide page title.

Provide project address.

Provide equipment owners information (name, addaesgsphone number).

Provide design professionals information (namereskland phone number).

Provide design professionals seal, signature ane o final set of plans prior to

permitting.

4.04 Title Page:

a. Provide the project name, number and/or other ifyemg information.

b. Provide site information to include the addresstlud pole(s) and the luminaire
identification number(s).

c. Provide contact information (name, address and @hammber) for the designers,
contractors and owners of the equipment.

Identify applicable codes and standards.
Provide a page index.
Provide an area map of the proposed location.

Provide a city approval block listing the date ofaf approval. (to be completed by
attachee upon city plan approval prior to submttigbermits)

h. Provide existing lighting system voltage.

~® a0

@ "o o

4.05 General Notes: Include all notes below on the plans
a. “All work shall comply with the Kansas City, MO., dpartment of Public Works,
Standard Construction and Materials Specificatidinjsion Il, Section 2800, Division
V, Section 5800 and supplemental changes.”

b. “The Contractor shall be responsible for all regtion of the construction site to city
specifications. The contractor shall also be resida for all cost associated with any
damage, including but not limited to landscapingrirler systems, water, sewer,
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curbs and sidewalk, gas main, etc.., caused bgdhstruction. Restoration of the city’s
right-of-way is required to comply with applicatWA standards.”

“All workmanship and materials shall be subjectinepection and approval by the
Street Lighting Division, Public Works DepartmenCoordinate inspections with
Sara Hurst at (816) 513-9882 or Bryan Carter at (83) 513-9857.

. “The contractor is responsible for making his ovetedmination as to type and location
of underground and overhead utilities as may bessary to avoid damage. The
contractor shall verify location of undergroundedipes, conduits, structures and
overhead lines by contacting the owners of théiesl”

. “All street lighting distribution cable shall bestalled in 27, Schedule 40, PVC conduit
or approved equal. All conduit runs shall be pta2d” from back of curb where
possible and at a minimum depth of 24”.

“Underground distribution cable must be #2, #4p#&8, Type RHW/USE, 600 Volt,
copper and color coded according to the NEC. Atridbution cable must be
continuous (unspliced) from the preceding lightepglinction box or controller to the
breakaway fuse holder in the base of the pole. Izt cable shall be #4 or #6 per
existing condition. Overhead conductors shallloenaaum, color coded according to
the NEC, insulated with cross-link polyethylene aimed per plans. Supporting
hardware shall be 5/8 inch or 16,000 pound, stahgdale line hardware. Wedge
clamps shall have aluminum wedges and stainlestlsdéds and shells. Connectors
shall be standard bolted type conductors with oxitiéitors to prevent corrosion
(APWA 2802.8). No mid-span splices are allowed.”

. “Cable used within the poles shall be #10, Type RHBE, 600 Volts rated, copper,
U.L. listed and color-coded according to the NEC.”

. “Provide and install in each pole base a singlepstt-screw, in-line, breakaway, fuse
holder for each conductor. Use Bussman (or appregeial) Model No. HEB-JW-
RYC and HEB-JW-RLC-J (last pole). For the ungrcesh@'hot") conductors, place a
10 Amp KTK fuse in each breakaway fuse holder ahiN& Copper Slug in the
system ground fuse holder."

“Luminaire Labels: The labels shall be KCMO-2X1®BS or approved equal.

Contact William Frick & Company at (847) 918-3700he Contractor shall furnish

and install luminaire identification labels accaowgli to the construction plans.
Identification labels shall consist of three lefteand four numerals in vertical

orientation with the letters at the top so as adrdownward. Labels shall be 2 inch
series “C” upper case black characters on silvieoreflective sheeting with pressure
sensitive adhesive backing, as prescribed for usatandard highway signs in the
FHWA Manual of Uniform Traffic Control Devices. bals for decorative poles must
be coordinated with the Street Lighting Division(&l6) 513-9874. Steel poles shall
be labeled by affixing a self-adhesive decal diyeoh the pole. Labels intended for
mounting on wood poles shall be applied to a m@tadard and attached directly to the
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pole. The label shall bear the number shown onptaa or as directed by the city
representative and be positioned on the vertical aixthe pole facing the street, 8-10
feet above the pavement surface.”

“Controller Cabinet Labels: Controller Cabinets IEba@ permanently labeled with the
numeric address of the equipment. Labels shall beld series “C” upper case black
characters on silver retro-reflective sheeting vatassure sensitive adhesive backing.
Labels shall be positioned near the top of therotlet and face the addressed street.”

If the pole is owned by the attachee: “The Contmachall furnish and install an

ownership identification label according to the sipaction plans. Identification labels
shall consist of a unique number followed by thstfthree letters of the pole owners
name in vertical orientation with the letters aé thottom so as to read downward.
Labels shall be series “C” upper case black charaan silver retro-reflective sheeting
with pressure sensitive adhesive backing, as pbestifor use on standard highway
signs in the FHWA Manual of Uniform Traffic Contr@evices or approved equal.
Labels for decorative poles must be coordinatedh wie Street Lighting Division at

(816) 513-9874. The label shall be positioned @wrtical axis of the pole facing the
street and 6-8 feet above the pavement surface.”

“The Contractor shall stake all pole relocatiorfdtior to any construction, the Street
Lighting Inspector shall verify all pole relocat®rstaked by the contractor. Pole
setback shall be 2’ to 3’ from back of curb. Adlies must be installed perpendicular to
the street. No diagonal installations are allowékkhe mounting height shall match
existing installations. Minimum ADA sidewalk clea@es shall be maintained.”

. “All attachments on the existing light pole mustihstalled on the new pole with the
same placement (height, direction, etc.). All cdsisremoval and reinstallation of
existing attachments (signs, banners, other teleasamcation equipment, etc.) shall be
the responsibility of the attachee. All attachmentd indicated on plans must be
coordinated with the engineer.”

. “All power coordination must be performed by desigrdeveloper and contractor.”

0. “Contractor must be a licensed electrician with @iy of Kansas City, MO and be an

experienced and qualified lineman. The City of Ken€ity is not responsible for any
part of the work to be done.”

. “All equipment and materials specified in thesenglahall be evaluated based on a
standard for which the equipment is to be usededisand labeled by Underwriters
Laboratories or other third party listing agencgagnized in the United States. All
equipment shall be installed and used per tha@gjstistructions.”

. Contractor Coordination Procedures with the Cit)kahsas City.

1. Contractor must contact Public Works DepartmentedtLighting Division (Sara
Hurst, (816) 513-988%ara.hurst@kcmo.oyd business days prioito the start of
work to notify the city of your intention to begimork. A pre-inspection will be
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made to determine current state of the site anel poBtreet Lighting inspector will
be assigned to the project and will coordinatenaltessary inspections with the
contractor.

. The contractor shall verify the location of all ltigs to include underground

pipelines, conduits, structures and overhead Imesontacting the owners of the
utilities. The contractor is responsible for makimg own determination as to the
type and location of underground and overheadtigslias necessary to avoid
damage.

. The contractor shall coordinate streetlight powiscahnection. If the pole is direct

fed and has no means of disconnection, the cootrastresponsible for making
arrangements to disconnect power. Power discommeatiust be made by a
licensed electrician with the City of Kansas CiyO and be a KCPL certified
lineman. This service can be provided by any compaeeting these qualifications
or by our maintenance contractor, Black and McDan@he City of Kansas City is
not responsible for coordination or payment of past of the work to be done.

. The contractor shall complete the installation gliipment and restore the site to

city standards. All costs for removal and reinstabin of existing attachments shall
be the responsibility of the attachee.

. Coordinate an electrical service inspection witle thssigned Street Lighting

Inspector. The inspector will notify KCPL when sees is approved. Service
equipment must be permanently labeled with the mignaeldress of the equipment.
Labels shall be 4 inch series “C” upper case blelc&racters on silver retro-
reflective sheeting with pressure sensitive adledracking. Service must be
installed per plan or the plan must be revisedaputoved through the city.

. Coordinate final inspection with the Street Liglgtimspector. Provide a complete

set of as-built plans and photos depicting allcitaents at the final inspection. All
changes to the city approved plan must be apprerem to the work being

completed. Provide a label on the pole with thechite’s emergency contact
information. If the pole is owned by the attacheegpvide a permanent pole
identification label installed per plan.

4.06 Site Plan:

a.

Provide directional arrow.

b. Provide a scale if the plan is scalable. If nonidg as such.

@ ™o oo

Provide a legend.

Label all streets.

Show curb and sidewalks.

Identify the location of other utilities.

Show any structures adjacent to the pole site.
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h. ldentify pole to be used or new pole location. hg@ luminaire number. New
installations shall match existing equipment (ptygpes, setback and conductor
location). Adjacent poles and service points mustidentified on the plans. Pole
location, luminaire mounting height, bracket lengdmd angle of bracket/mast arm
shall coordinate with other street lights on eachdividual street. All
attachments/replacements shall be aestheticalgptaiosle and match the color and type
of the existing city equipment. All attachment/mg@ment methods shall also be
approved by the city to ensure no damage to tlyss@tuipment. Any necessary power
wiring and fiber for the attached equipment shaliriternal to the streetlight pole. Due
to space restrictions in some districts, the eqemimmay have to be placed inside a
special streetlight pole or in underground vaults.

I. ldentify the location of the electrical point ofragection.

. ldentify path of distribution cable. Include pooftconnection.
1. Include conductor size and type.
2. Include conduit size and type.

k. Identify the location of service equipment.

| ldentify the location of junction/pull boxes.

m. ldentify the city right-of-way and utility easemertb be used.

4.07 Elevation Plan:
a. Provide elevation view of existing pole or simifales in the area.

1. Identify existing pole foundation if it is to beused. (Only for pole replacements)

2. ldentify pole. Include type (wood, metal, aluminurahd finish (galvanized,
brushed satin, anodized, etc.). (Only for poleaepients)

If a new arm is being installed, Identify luminaaed arm. Provide arm length.
Identify all attachments that are on the pole (sjdgranners, hanging baskets, etc.).
Provide elevation measurement for bottom of fouiedaf it is to be reused.
Provide grade level reference.

Provide pole height from grade level (top of pole).

Provide dimension from grade level to luminaire.

Provide note: “Existing pole to be returned to ¢htg”, if pole is to be replaced.

© 0N UAW®

b. Provide elevation view of new pole to be installed.
1. Identify new pole foundation. Identify the diametand depth or reference a
foundation detail.

2. ldentify pole. Include type (wood, metal, aluminurahd finish (galvanized,
brushed satin, anodized, etc.). New installatiomall smatch existing equipment
(pole types, setback and conductor location). Adcments/replacements shall be
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aesthetically acceptable and match the color amgke tgf the existing city
equipment. All attachment/replacement methods stisdl be approved by the city
to ensure no damage to the city’s equipment. Arcgsgary power wiring and fiber
for the attached equipment shall be internal todtneetlight pole. Due to space
restrictions in some districts, the equipment mayehto be placed inside a special
streetlight pole or in underground vaults. Adjacgeoles and service points must be
identified on the plans. Pole location, luminaireunting height, bracket length,
and angle of bracket/mast arm shall coordinate witier street lights on each
individual street.

If a new arm is being installed, lIdentify luminaaed arm. Provide arm length.
Identify proposed equipment on the pole (antenoges, etc.).
Identify electrical equipment (controller, metegn@ce equipment, etc.).

Identify routing of all conductors and cables (dime) from ground equipment to
equipment on the pole. Provide note at pole hane: HBrovide min. 18” of slack
in street light conductors”.

Provide permanent label on pole hand-hole covet listss owner emergency
contact information. Identify this label with a plaote. This label can be shown as
3” x 4” or whatever will fit on the hand hole withboverlapping the hand hole.
(new poles and existing poles)

If the pole is owned by the attachee then an ovimgliglentification label must be
provided. Identification labels shall consist oluaique number followed by the
first three letters of the pole owners name inigattorientation with the letters at
the bottom so as to read downward. Labels shalidses “C” upper case black
characters on silver retro-reflective sheeting wjitessure sensitive adhesive
backing, as prescribed for use on standard higlsigns in the FHWA Manual of
Uniform Traffic Control Devices. Labels for decavat poles must be coordinated
with the Street Lighting Division at (816) 513-987¢Fhe label shall be positioned
on the vertical axis of the pole facing the straed 6-8 feet above the pavement
surface. Provide a detail representing this number.

Provide permanent label on pedestal/controller bt lists owner emergency
contact information. Identify this label with a plaote. This label can be shown as
5" x 4”. (new poles and existing poles)

10.Provide elevation measurement for bottom of fouiodat

11.Provide grade level reference.

12.Provide dimension from grade level to top of pole.

13.Provide dimension from grade level to luminaire.

14.Provide dimension from grade level for all attachiseThis includes signs.
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15.Provide dimension from grade level for height ofali product including all
attachments.

16.1dentify all attachments that are on the pole (sjdgranners, hanging baskets, etc.).

4.08 Electrical plan:

a.

The plans must include an electrical schematicrdragione line diagram) showing the
utilization equipment, branch circuits, service doctors, meter and fuses/disconnects.
Identify the voltages of all power feeding the paled associated equipment. Provide
available fault current and interrupting currerttrrg. The street light distribution cable
shall be sized no smaller than #8 copper and getahan #1/0 copper.

Provide details of all modifications to the Citgkectrical equipment.

Provide grounding detail (one line). List conducsare and type. Identify all points of
attachment and breakaway connection in the baeqdole.

. Provide note: “All streetlight conductors shall hagged with a label reading

“Streetlight”.”

Provide note: “All conductors (ac or dc) in the ok raceway shall have an insulation
rating equal to at least the maximum circuit vodtaapplied or shall be physically

separated by listed means”.

Address how other lights on the branch circuit smeremain operational during

construction.

4.09 Detail sheets:

a.

Unless clarified in the General Notes or Materipedfications, detail sheets need to
include the following information. Please coordmalan sheets and details to prevent
conflicts.

1. Trench detail: Show required burial depths and bhcgquirements.

2. Foundation detail: Provide detail of new foundatitype or show the type
foundation to be reused.

3. Provide details for all equipment to be attachemhé¢tude all dimensions.

4. Controller cabinet detail: Provide dimensions andnafacturer information for
equipment cabinet, meter box and service equipnfdhservice equipment must
meet Kansas City Power and Light Standards.

5. Controller cabinet foundation: Provide type, dimens and reinforcement
information. May be included with cabinet detail.

6. Breakaway fuse detail: List type, 10 amp KTK fuseesand NNB slug in the

system ground.

Junction/pull box detail: Boxes must be minimumetypand sized per NEC.

Provide a luminaire and controller cabinet iden#fion label detail or note

identifying placement and specifications.

© N

D. SMART CITY EQUIPMENT
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All Smart City Infrastructures shall comply withl gbermit requirements, City standards,
ordinances, agreements, approved plans and spicfis.
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PART IV — INSPECTION

The City shall inspect the construction work andnpptly notify the Contractor of any problems
or defects discovered for correction subsequerthéofinal inspection/acceptance. Failure to
comply with the City’s standards may result in rsgpon of work until the issues are resolved
to the City’s satisfaction.

The Streetlight Construction Inspector shall b@oesible for the following duties:

1. Participate in the Joint Inspection of completedeettight installations and officially
“accepts” system for City operations and mainteeanc

2. Update monthly energy billing records of changeth&system

3. Notify the Streetlight Maintenance Contractor oiwessets

A. INSPECTION STANDARDS

All inspection items shall be according to the glaspecifications, and the following standards
unless approved by the Cifjhe construction of street lighting systems shalktrthe following
standards:

American Public Works Association (APWA)

American National Standards Institute (ANSI)

American Society Testing Material (ASTM)

American Association State Highway Transportatidfic@al (AASHTO)
National Electric Code (NEC)

National Electric Safety Code (NESC)

Any other criteria as required

NouokrwhE

=

Pole Metal
Location, spacing, clearances, setback
Size (diameter, length and gauge of metal ) and typ
Condition (damages such as dents, kinks, painti@nchup)
Hand hole cover size, orientation (not on housgtreet side) and bolted properly
Plumb (less than 2.5 degrees)
Proper installation of bolt covers
Pole cap installed (tight)

2. Pole Wood
Location, spacing, clearances, setback
Size (diameter and length, pole class) and type
Condition (damages such as split or rot)
Plumb (less than 2.5 degrees)
Proper backfill and tamping
Proper depth (10% of pole height + 2 ft)
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3. Pole Bases
Correct size and type (helix required)
Level with finished grade
Proper backfill, tamping and leveling
Proper auguring for pole leveling, Shims by applravdy
Breakaway bases per AASHTO standards (when required
Proper installation in rock (according to STL-AB-3)

4. Bracket Arms
Size and type
Connection to pole tight using proper bolts andnemtions.
Alignment perpendicular to street
No damage or bent
Maintain clearances from primary, secondary anérotrerhead utilities
Offset arm when required
Rubber grommet in pole at arm

5. Luminaires
Type, size and condition
Labeling (ANSI identification standards)
Proper mounting height
Head level and aligned with street
Head not loose
Head not cracked at mounting
Reflector, lamp, lens clean
Correct lamp wattage
Maintain clearance from primary, secondary andotverhead utilities
Shorting caps installed and not photocells in ailer fed applications

6. Photocells
Type
Aimed north if possible
Locked into socket
Maintain clearance from primary, secondary androtiverhead utilities

7. Wiring for Service Entrances
In accordance with the latest utility service staad
Within utility easements or street right-of-way
Length of service Max 200’

8. Underground Wiring
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Correct size and type of conduit and cables (codoles and insulation type per NEC).
Any variation in cable size or routing requires neitage drop analysis by the engineer.
Burial Depth (per NEC table 300.50)

Conduit and cable installation (in street R-O-Wublity easements only)

Wire routing per map. Any changes shall be apprdmethe Review Engineer

Proper installation of conduit bends per plan

Fuse and fuse holder type, size and installation

No excessive wire or loops

Wiring insulation not damaged

Confirm installation of street crossing markersfioal inspection

Properly taped and correct splice kits. Splicesvadld only in pull boxes or pole base (no
direct buried splices)

Wire connections tight using correct connectors

Proper equipment and system grounding (per NE@ t250.66 and table 250.122)
Correct size of grounding rod, only on concretesbas

Proper grounding in rock installation; if rock iso®untered or other conditions exist
which prevents the driving of the ground rod, ityntee replaced, when authorized by the
Engineer, with not less than 100 feet of #6 AWG BS&pper wire fastened to the
grounding conductor, run through a conduit bengktshed out in the trench and buried
alongside the distribution duct or conduit.

9. Overhead Wiring
Correct type and size
Properly taped and tight splices
No excessive wire or loops
Proper sag
Eyenut on back or sides of pole
Wire not damaged entering arm
Maintain clearance from primary, secondary androtiverhead utilities

10.Pull Boxes
Correct size and type (per 2005 NEC 314.30, FPN IASTE 77-2002)
Proper installation
Set in gravel for drainage clean ¥2” or %" rock

11.Controllers
Type and manufacturer (per approved list)
Wiring and equipment inside per plan (any variaiiotypes of equipment shall be
approved by engineer)
No excessive wire or loops
Meter by pass in place per utility standards (paedi by KCPL)
Proper grounding per NEC article 250
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Proper material and installation of concrete/fourmiepad (if applicable)
Proper photocell installation (oriented north) afsgible
Workspace clearance requirements per NEC

12.Connection to Existing Controllers
Final field verification of system load using amlpes (Contractor to obtain
measurement)

13.Cable Insulation Testing
Elimination of unscheduled grounds prior to finakpection (verify Contractor’'s test

result for each conductor to ground test. Usingegohmeter at 500 volts, reading in
each case shall be infinity) Look at tolerancethefmeter. If you question this, confirm
with Design Engineer.

Completed Insulation Test form shall be submitdStreet Lighting records.

14.System Testing
All System Testing forms must be completed and stibchfor Street Lighting records.

15. Operational Testing
Prior to acceptance, the entire system shall opaiisfactorily for fourteen consecutive

days.

16. Workmanship and Warranties
Proper storage and care of material on site
Prevention of damage to equipment and property
Proper safety practices
Proper bonds shall be in effect for two years aiiestallation to cover any damage
observed in the field after final inspection, whitlay affect safety, durability, function,
or any disputes with the maintenance contractor

17.Cable Retainers
Proper size and installation of cable retainedstelsize of the retainer shall match the

size of the base plate.

18. Restoration
» All restoration including concrete, asphalt, groutashdscape replacement and clean-up
work shall be done by the Contractor in a timelynmer and shall be incidental to the
Contract. The Contractor shall perform restoratdrstreets and other public ways in
accordance with applicable provisions of the Cityfdinances, rules, and regulations.
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B. POLE ATTACHMENT INSPECTION STANDARDS

Inspection Requirements Checklist

The following inspections are required on the emépt type, size and installation of the
streetlight pole attachment systems. Referencé alsal be made to APWA section 2800. All
installation shall meet the National Electrical @dNEC), the National Electrical Safety Codes
(NESC). All equipment and installation shall b@stucted in accordance with the plans.

1. Pole Metal- APWA reference # -2802
» Pole type (anodized, steel, aluminum) must matcsuatounding poles.
» Location, spacing, clearances, setback
» Size (diameter, length and gauge of metal ) and typ
» Condition (damages such as dents, kinks, painti@mhup)
* Hand hole covers in place, weathertight with sgoem, size, orientation (not on house
or street side) and bolted properly
* Plumb (less than 2.5 degrees)
* Proper installation of bolt covers
* Pole cap installed (tight)
* Pole does not have equipment attached that iswtbeiplan or pole analysis
* Pole attachments on original pole are accountedriaeplacement pole
* Pole height matches plans
* Pole is labeled with correct ID

2. Pole Wood- APWA reference # -2802
Location, spacing, clearances, setback
Size (diameter and length, pole class) and type
Condition (damages such as split or rot)
Plumb (less than 2.5 degrees)
Proper backfill and tamping
Proper depth (10% of pole height + 2 ft)
Pole does not have equipment attached that ismtitd plan or pole analysis (signs,
banners, etc.)
Pole attachments on original pole are accountedriageplacement pole

3. Pole Bases- APWA reference # -2803
* Proper elevation
* Pole base is according to plans
» Correct size and type (helix required)
» Level with finished grade
» Proper backfill, tamping and leveling
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* Proper auguring for pole leveling, Shims by applavdy
* Breakaway bases per AASHTO standards (when required
* Proper installation in rock (according to STL-AB-3)

. Bracket Arms- APWA reference # -2802

* Size and type

» Connection to pole tight using proper bolts andnemtions.

* Alignment perpendicular to street

* No damage or bent

* Maintain clearances from primary, secondary anerotwerhead utilities
» Offset arm when required

* Rubber grommet in pole at arm

* Arm matches surrounding poles aesthetically

. Luminaires- APWA reference # -2802/2807

Type, size and condition

Labeling (ANSI identification standards)

Proper mounting height

Head level and aligned with street

Head not loose

Head not cracked at mounting

Reflector, lamp, lens clean

Correct lamp wattage

If replacement pole, lamp wattage needs to matcit wias previously there
Maintain clearance from primary, secondary androtiverhead utilities
Shorting caps installed and not photocells in ail@r fed applications

. Photocells- APWA reference # -2802

* Type

* Aimed north if possible

* Locked into socket

* Maintain clearance from primary, secondary andobiverhead utilities

. Wiring for Service Entrances- APWA reference # -280
* In accordance with the latest utility service staold

* Within utility easements or street right-of-way

* Length of service Max 200’

. Underground Wiring- APWA reference # -2804/2808
» Correct size and type of conduit and cables (cotmtes and insulation type per NEC).
Any variation in cable size or routing requires nenltage drop analysis by the engineer.
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» Burial Depth (per NEC table 300.50)

» Conduit and cable installation (in street R-O-Wublity easements only)

* Wire routing per map. Any changes shall be apprdmethe Review Engineer

* Proper installation of conduit bends per plan

* Proper Fuse and fuse holder type, size and installa

* No excessive wire or loops

* Wiring insulation not damaged

» Properly taped and correct splice kits. Splicesvadld only in pull boxes or pole base (no
direct buried splices)

* Wire connections tight using correct connectors

* Proper equipment and system grounding (per NE@ t200.66 and table 250.122)

» Correct size of grounding rod, only on concreteebas

» Proper grounding in rock installation; if rock imountered or other conditions exist
which prevents the driving of the ground rod, ityntee replaced, when authorized by the
Engineer, with not less than 100 feet of #6 AWG BS&pper wire fastened to the
grounding conductor, run through a conduit benebtatied out in the trench and buried
alongside the distribution duct or conduit.

* Wire size matches plans and is the same size irefilacement pole as it was in previous
pole being used

» There is 18" of slack in street light wiring, inetihand hole.

* Pole attachment wiring has been labeled on a pltesgito state what circuit it is on

* Pole maintains breakaway qualities

9. Overhead Wiring- APWA reference # -2805
« Correct type and size
= Properly taped and tight splices
= Proper sag, no excessive wire or loops
= Eyenut on back or sides of pole
= Wire not damaged entering arm
= Maintain clearance from primary, secondary andotiverhead utilities

10. Pull Boxes- APWA reference # - 2802
» Correct size and type (per 2005 NEC 314.30, FPN ISSTE 77-2002)
* Proper installation with bolts
» Set in gravel for drainage clean %" or %" rock
» Label on box states “KCMO Streetlights” or “Stregdtting”, not “Electric”.

11.Operational Testing- APWA reference # -2809
Prior to acceptance, the light fixture shall opersdtisfactorily.
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12.Workmanship and Warranties
Proper storage and care of material on site
Prevention of damage to equipment and property
Proper safety practices
Proper bonds shall be in effect for two years aftstallation to cover any damage
observed in the field after final inspection, whitly affect safety, durability, function,
or any disputes with the maintenance contractor

13. APWA restoration codes- APWA reference # -2200/2400
Contractor has followed all APWA restoration codes
Sidewalks
Street cuts
Landscape

14.Cable Retainers- APWA reference (PELCO and/or CHAEC
Proper size and installation of cable retainedstelsize of the retainer shall match the
size of the base plate.

15. Metered Electrical Box- Follow any NEC guidelined approved plans
Built per approved plan
Properly addressed
Electrical box properly locked (no lock on the disnect).
Wiring and equipment inside per plan (any variationtypes of equipment shall be
approved by engineer)
Proper disconnect size
Proper insulation from electrical box to pole
No excessive wire or loops
Proper grounding per NEC article 250 and in acaaoedawvith approved plan.
Proper material and installation of concrete/fouimtapad (if applicable)
Workspace clearance requirements per NEC

16. Pole Attachment Equipment
Equipment height is according to plan
Permanent label is attached to handhole cover liket owner emergency contact
information.
Permanent label is attached to pedestal/controti&rthat lists owner emergency contact
information.
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C. REQUEST FOR POWER

Once the “Pre-Power Up” joint inspection (Streditignspector & Construction Inspector) is
completed, the form shall be completed by the Gansbn Inspector and forwarded to the
Streetlight Section for approval. See Figure IQéguest form.

1. Private Development Projects
Once Streetlight staff approves the for@gnstruction Inspectoshall forward it to the
appropriate KCP&L location.

2. City Projects
Once Streetlight staff approves the for@treetlight Inspectorshall forward it to the

appropriate KCP&L location.

D. SYSTEM TESTING

The Contractor shall perform the following testsiahhshall be observed by the City’s inspector
and submit certified test results to the City fppeoval. All charts for reporting test results Iwil
be provided by the City. See Figures 11 and 1Z2larts.

1. Cable Insulation Tests
Prior to the final connection to the pole wirinigetContractor shall test all distribution cables
for unscheduled grounds. Each conductor shall ftedeto ground with a meg-ohmmeter at
500 volts and readings in each case shall apprio#aity.

2. Voltage and Current Tests
Voltage and current reading shall be recorded fmhecircuit at every controller. The
operational voltage drop readings at the last laménat each circuit shall also be measured
and submitted for City review and approval.

3. Operational Tests
Prior to acceptance, the entire system shall opesatisfactorily for fourteen consecutive
days. Satisfactory operation is: turn on at dadklights operate continuously until dawn,
turn off at dawn, all lights remain off until tuheon again at dusk. Any malfunction
observed or recorded shall stop the test peridtieatime of the malfunction, and the test
period shall start over when all components ansfsatorily operating.

E. AS-BUILT PLANS

Prior to the final completion and payment, the Cactor shall submit final as-builts plans for
City approval. As-builts plans shall be submittadooth electronic and hard copy and shall
include any changes made during construction.

F. TRANSFER OF ASSETS

Upon satisfactory test results and as-built plaéims,streetlight assets and any spare equipment
shall be transferred to the Public Works for ongamperations and maintenance.
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STREETLIGHT AND TRAFFIC SIGNAL
REPAIR & MAINTENANCE SERVICES
PART A - STREETLIGHT

A. Project Understanding
1. The Street Lighting System consists of approxinya®,000 luminaires, individually or
group controlled installations, owned by the Citfy Kansas City and under the
jurisdiction of the Department of Public Works.

2. This lighting system includes various types of Ioaires, lamps, lenses, reflectors,
ballasts, photo controls, shields, poles, mast ardexals, foundations (steel and
concrete), lighting cabinets, electrical contr@sytective equipment, cable splice boxes,
conduit and/or cable duct under pavement and eaettial cable, and fixtures mounted
on bridges or abutment walls, monuments, theft gmm@on devices, and other lighting
appurtenances including service entrance equipnment maintained by the utility
company under the latest utility’s service standard

3. About 85% of the lights operate on 120 volt seryi&% on 240 volt service and 1% of
the lights operate on 208, 277 or 480 volt serviée estimated 55% of the total lights
are metal poles with underground wiring and 45% wao®d poles with aerial wiring.
About 40 % of the wood poles supporting streetbglre owned by other utilities and the
replacement or maintenance of such joint-use pelesitside the scope of this Contract.
It is also estimated that less than 5% are multiglgs on one pole. The older cobrahead
and shoebox lights in the downtown district are tiygsowered from KCPL downtown
grid.

4. All replacement of equipment required for this Qant shall be furnished by the
Contractor.

B. Definitions
Wherever used in this Attachment 1, the followiagns have the meanings indicated which
are applicable to both the singular and pluralgbg&r

1. Asset Management System A computerized record system and database usdideb
City to: record, track and store all inventory, diilon assessment, maintenance and cost
information about public infrastructure. City isroently using the Cartegraph asset
management system.

2. Day- Day means a calendar day unless otherwise sgabjifnoted.

3. Emergency “Make Safe” Action— Services performed by the Contractor’s repaisqe
responding to a streetlight Work Order in order eliminate immediate hazard of
energized electrical circuits, failed or damagedhponents, and to protect the public
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from injury or unnecessary inconvenience until suche as permanent repair or
restoration of normal streetlight operation carcbmpleted.

4. Excusable Delay— A delay caused by actions or events beyond ar@dot’s direct
control and without fault or negligence of the Gantor in performance of duties
required by the terms of this Contract.

5. Hazardous Waste- Shall have the meaning provided in Section 180dhe Solid Waste
Disposal Act (42 USC Section 6903) as amended tnoma to time.

6. Incident Response Time- The amount of time elapsing between the Cordract
receiving a Work Order notification and the timeepair person physically arrives at the
site.

7. Inclement Weather Day- Any extreme condition of weather or nature, urithg but not
limited to, continuous or intermittent falling pipitation, or air temperatures or wind
chill factors less than zero (0) degrees Fahrerfbeia duration in excess of four (4)
hours during a daytime work shift, which adversatffect safety of crews working with
energized electrical equipment.

8. Inexcusable Delay- A delay caused by failure to perform or to previtie services or
information required by the terms of this Contract.

9. Luminaire/Pole/Cabinet Number — A unique identification for components in the
lighting system. A decal with this ID number is umbed on the component for
convenient viewing and reporting components needeyggpir. The terms luminaire
number and pole number are generally interchangeatilept when a pole supports two
luminaires, in which case two numbers will appeartioe same pole. ID numbers are
also used on cabinets which control groups of §ghtsmall area. Luminaire/pole/cabinet
numbers consist of three letters and four numeeaBsmple SAB1036.

10. Major Storm
a. Any weather induced incident that causes damadg)tstreetlight structures or (2)
circuitry totaling:
1. Streetlight structures with damages exceeding $2000; or
2. Overhead cable with damages exceeding $20,000.00.

b. The Contractor shall formally notify the City with24 hours after the Major Storm
event.

c. When authorized by the City, Contractor shall fallap with a damage assessment
according to the Contract prices.

d. In the event of a Major Storm event, the Contrastuall be responsible for damage
repairs up to $20,000.00.
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11.Major Vandalism — Any non weather induced incident due to vandalissulting in
damages to five (5) streetlights and circuitry wigpair costs exceeding $5,000 in an
area equivalent to a single Quarter Section mage (wadf mile by one half mile) or
located along one (1) linear mile of roadway atirgle time. In the event of a Major
Vandalism event, the Contractor shall be respoedii damage repairs up to $5,000.00.
The Contractor shall be responsible for all assessntosts to provide the repair
estimates.

12.Minor Storm - Any weather induced incident that causes dan@agéeetlight structures
or circuitry to an extent less than a Major Stosrdafined in this Attachment.

13.Minor Vandalism - Any non weather induced incident due to vandaligrart extent less
than Major Vandalism as defined in this Attachment.

14.Night Patrol — The monthly patrolling and reporting of lamp outagé each streetlight
unit during the nighttime hours. Outages discoddyg Night Patrol activities shall be
entered into Cartegraph.

15.PeopleSoft Application and Cartegraph Software- PeopleSoft application, an Oracle
enterprise tool produced by Oracle and licensediserby the City and the Contractor to
interface with Cartegraph, the City’'s Asset ManagetmSystem. The PeopleSoft
application will be used by the Contractor to recand report Service Requests which
will simultaneously create a work order in the @Gtyasset management system.
Contractor will use work orders to create work ordetivities which will be addressed
and repaired according to the performance meaguoassions set forth in the streetlight
maintenance contract.

16.Permanent Repair Time — The amount of time elapsing between the Comdract
receiving a Work Order notification and the timey aemporary service restoration work
is removed and permanent repairs completed rewita malfunctioning or damaged
lighting to its normal operating condition.

17.Routine Maintenance- Work performed by the Contractor to satisfy regments and
specific tasks described in Section 2 of this Attaent and billable monthly at a fixed
annual rate per light and prorated for each lighdarvice during the month.

18. Service Request Information related to streetlight deficienciesnfrany source (City
staff, metropolitan emergency communication ce(@é&d), City Action Center (311), or
the general public) received at the Contractor'd Canter, entered into the PeopleSoft
to generate the service request number.

19.Service Restoration Time- The amount of time elapsing between the Cordract
receiving a Work Order notification and the timedamaged lights or portions of the
effected circuit are made temporarily operational.
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20. Special Maintenance— Work performed by the Contractor based uponctlirequest of
the City and described in this Attachment as oetsitdthe scope of Routine Maintenance
services and billable at unit costs contained émSpecial Maintenance Unit Prices.

21.Special Maintenance Work Request Written instructions and plans authorizing the
Contractor to make temporary or permanent modibaatto the lighting system at prices
contained in the Special Maintenance Unit Prices.

22. Streetlight Inspection, Luminaire Cleaning, and Graip Re-lamping — The periodic
inspection of each pole/luminaire unit, cleaninduhinaire refractors and reflectors and
systematic group replacement of each lamp and phalbton a four year cycle for high
pressure sodium and a two year cycle for metaldaalamps. Contractor’'s field
discoveries and repair and replacement activitiadl e entered into Cartegraph.

23.Work Order - Generated in Cartegraph from PeopleSoft SeRieguests or from the
Contractor’s self-identified activities. Contracwill use the work order to generate the
related work order activities. A work order maybaamultiple work order activities
associated with it. The necessary repairs foreth@srk order activities are to be
addressed by the Contractor according to the peebce measures provisions in this
Attachment.

24.Work Order Activity Report - Information entered into the Asset Managementesyst
(Cartegraph) by the Contractor reporting thatelairs are complete and normal lighting
service is restored for a certain Work Order. Worker activity report contain the
location and identification number of light(s) seed, the repair tasks performed, date
and time of completion and listing of materials dise restore service. The necessary
repairs performed for the work order activitiesaagesult of this work order are to be
addressed by the Contractor according to the peebce measures provisions in this
Attachment.

C. Scope of Services

SECTION 1: GENERAL REQUIREMENTS AND SPECIFICATIONS

1.00 Overview - Scope of Work

This work shall consist of providing Routine andeSipl Maintenance services for the City of
Kansas City Street Lighting System. All maintenanservices shall include all labor,
supervision, equipment, materials, computer andneomcation equipment necessary to provide
the contracted services described herein. Maintenaervices are defined and paid in two
categories:

Routine Maintenance of lighting facilities including:

1. Call Center services to receive and record outages
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Emergency response and “make safe” action

Repair of any streetlight outage

Repair of minor storm or minor vandalism outages
Streetlight inspection, luminaire cleaning, andugroe-lamping
Night patrol for reporting of luminaire outages

Pole straightening, cleaning, and painting

Dispatch, data entry and service reporting

N OTRAWN

Special Maintenance of lighting facilities includirg:
Temporary removal and replacement

Permanent relocation, addition or adjustment

Pole painting

Specialty equipment

Aesthetic lighting on Broadway and Heart of AmerBradges and Foyer lights
Bartle Hall Tunnel Lighting

Detailed damage assessment of major storms
Repair of major storm damage

Repair of major vandalism damage

10 Potential LED and smart control systems change-out
11. As-built/system map correction (on-going amstorical)

©CoNo~wWNE

1.01 Kansas City Street Lighting System

The Street Lighting System consists of approxinya®3,000 luminaires, individually or group
controlled installations, owned by the City of KaasCity and under the jurisdiction of the
Department of Public Works. This lighting systensludes various types of luminaires, lamps,
lenses, reflectors, ballasts, photo controls, dijgboles, mast arms, decals, foundations (steel
and concrete), receptacle outlets on decorativeespolighting and receptacle controllers
(cabinets, electrical controls, protective equiptnegic), cable splice boxes, lighting and
receptacle circuits, conduit and/or cable duct unplevement and earth, aerial cable, and
luminaires mounted on bridges or abutment wallsnunmeents, theft prevention devices, and
other lighting appurtenances including service amte equipment not maintained by the utility
company under the latest utility’s service standardrhis includes all the decorative lights
shown in the Decorative Lights table below.

About 85% of the lights operate on 120 volt seryité% on 240 volt service and 1% of the
lights operate on 208, 277 or 480 volt servicesoAlan estimated 55% of the total lights are
metal poles with underground wiring and 45% are avpoles with aerial wiring. About 40 % of
the wood poles supporting streetlights are ownedother utilities and the replacement or
maintenance of such joint-use poles is outsidestiope of this Contract. It is also estimated that
less than 5% are multiple lights on one pole. ®ler cobrahead and shoebox lights in the
downtown district are mostly powered from KCPL ddowan grid.

271



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

All replacement of equipment required for this Gaat shall be furnished by the Contractor.

1. Circuitry: Contractor is responsible for maintaipirthe dedicated circuits serving the
streetlight system. A dedicated circuit servetier ancillary loads such as traffic signals
or end use customers. For purposes of this Cantatl Net devices or other comparable
automated meter reading (AMR) devices installedsteetlights DO NOT constitute an
ancillary load; therefore, Contractor is resporesibbr maintaining dedicated street light
circuits which also contain these devices. Thenteaance requirements for dedicated
circuits are generally consistent throughout théy Qvith the exception of an area of
downtown, referred to as the Downtown Network. Th@vntown Network includes the
area of the City south of Interstate 70, east tdritate 35, west of Interstate 29, and north of
Interstate 670.

The electric power for the Downtown Network is gelied through a series of underground
primary and secondary distribution lines owned n&as City Power & Light Company
(KCPL). The Downtown Network contains a seriesafilts which house transformers and
switchgear to distribute power to electric custanerApproximately 1,000 remaining
streetlights which have not yet been convertedh¢ostreetscape type lights in the downtown
area are fed directly from these underground vaulike confined space inside the vaults
places workers in close proximity to primary andaelary voltage cables, which represents
a significant safety risk. Consequently, the Gitstreetlight Contractor is precluded from
entering the vaults to repair power feeds for theetlight system.

To ensure all streetlights in the City receive siaene high quality service as other areas of
the City, KCPL and the City have reached a mutuadeustanding of their respective
obligations for repairing streetlight circuits imetDowntown Network.

The point of demarcation for the Contractor's mamance responsibilities on dedicated
streetlight circuits is as follows:

Outside the Downtown Network:

Metered Streetlight Circuits: A metered circuit tauins an active meter used for billing
energy usage on the streetlight circuit. The Ganér is responsible for repairing/replacing
all faulted or damaged cables on the service sfdineo meter. KCPL is responsible for
repairing all faulted or damaged cables on thecoside of the meter.

Unmetered Streetlight Circuits: An unmetered ciralibes not contain an active meter.
Circuits where a meter has been removed, but theaiter remains is still deemed to be an
unmetered streetlight circuit. The Contractoreisponsible for repairing/replacing all faulted
or damaged cables on the service side of overhedduaderground primary distribution
transformers and secondary service pedestals gettvinunmetered streetlight circuit. The
Contractor's maintenance obligation includes cotioes with primary distribution
transformers and repair of risers on distributiasiep, so Contractor must be deemed a
qualified provider by KCPL prior to execution of vikaunder this Contract.

Downtown Network:
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Metered Streetlight Circuits: A metered circuit tauins an active meter used for billing
energy usage on the streetlight circuit. The Ganér is responsible for repairing/replacing
all faulted or damaged cables on the service sfdineo meter. KCPL is responsible for
repairing/replacing all faulted or damaged cableshe source side of the meter.

Unmetered Streetlight Circuits: An unmetered ciralibes not contain an active meter.
Circuits where a meter has been removed, but theaiter remains is still deemed to be an
unmetered streetlight circuit. For safety reasd0SPL will maintain the portion of a
streetlight circuit that runs from the undergrowadilt to the base of the first streetlight on
the circuit. For clarity, this represents the fngpan of cable on the circuit, which feeds the
streetlight closest to the vault. Contractor ispansible for all subsequent spans of cable
feeding the remaining streetlights on the circunt.the Downtown Network, the Contractor
is responsible for repairing/replacing all faul@®ddamaged cables, other than the first span
exiting KCPL vaults and entering a pole or a cdfgrpregardless of whether traffic signals
are powered by the circuit. In the event a traffignal is found to be connected to an
unmetered streetlight circuit, the Contractor simthediately notify KCPL and the City, and
then expeditiously complete repairs. The Contraitanot responsible for maintaining the
traffic signal assembly unless directed in writmgCity.

The obligation to repair/replace faulted or damagewlerground cable, whether by
Contractor or KCPL, includes all labor, equipmemd anaterial necessary to restore service.

Equipment: The following list provides the size daypples of equipment in the City streetlight
system at the present time with an estimated dyafitne actual quantity will vary over the
Contract term as lighting is removed, added, ofacga by new construction. City will

provide the Contractor timely notice of changeghe number and location of streetlights
that are to be repaired or maintained under thigti@ot.

Wattage Lamp Type Quantity
70W High Pressure Sodium Vapor 160
100W High Pressure Sodium Vapor 52,168
150W High Pressure Sodium Vapor 15,168
250W High Pressure Sodium Vapor 10,861
400W High Pressure Sodium Vapor 12,647
750W High Pressure Sodium Vapor 90
70W Metal Halide 274
100w Metal Halide 78
175w Metal Halide 379
250w Metal Halide 222
400W Metal Halide 391
750W Metal Halide 20

1000W Metal halide 18
175W Mercury Vapor 38
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45W LED Solar 3
12w LED 48
Total 92,565

Included in the total above are several types abdsive streetlights in Government and Entertaimnigistricts,
Jazz District, Library District, Freight House Dist, Broadway and Heart of America Bridges, Naatid and
Urban Foyers, etc. The approximate numbers andestypf these lights are in the following table.

274



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

Decorative Lights

Location Manufacturer Description Wattage I:rayrgg QTY
Northampton 20" and Hancock 1¢
Union Station Sprlng City decorative stgel poles, Elizabeth post 400W HPS 22
Electrical bracket and twin cross arms, Jefferson and
William & Mary luminaires
h Beacon Product Catenary Lighting System 175 Watt MH 26
14" Street . e
Pierwalk Luminaire 70 Watt MH 26
. o . . 100Watt MH 4
Library District Sternberg Baltimore Streetlight
175Watt MH 116
Broadway Bridge Egﬂgﬁg Utility SFL large Acura Aesthetic Flood Light 750Wat] HPS 0 9
. 400Watt MH 10
gﬁggeOf America KIM Lighting Aesthetic Bridge Flood Lights 750Watts MH 20
1000Watt MH 18
oo 100Watt MH 54
é?;tﬁc:;me (AzZZ BEGA Decorative Pole and Decorative Luminaire 175Watt MH 78
250 Watt MH 10
Freight House District Louis Poulsen Martini 70W MH 50
Heritage Trail Sternberg Park Ridge Series 175 MH 1 7
St. Louis Viaduct USArch DSCR 70W MH 20
12" St : Troost to Pase Sternber 1913 Libertyville series on 30’ pole 400 W MH 1
Blvd. g 1527 Omega series on 14’ pole 70 W MH 15
12" Street Viaduct Holophane Prismasphere Series 70W HPS 36
250W MH 212
Downtown District Holophane/King Street & Pedesirlaghts 400W MH 370
70w MH 163
Aesthetic monument lighting system
o (Northland and Urban) - 2’ LED strips, |- 12w LED 48
. Color Kinetics,
Foyer Lights Player power supply, Cat 5 cable;
I-color Fresco . . .
Lightning protection system, surde 100w MH 20
protector, etc
Solar LED Solar One Solar LEDs 45W LED 3
400W HPSV 380
Bartle Hall tunnel lights| General Electric Versadd 11- Wall Lighter 150w HPSV 88
175W MH 88
TOTAL | 2049
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The Contractor shall also anticipate an annuak@ee of less than 10% (50 to 100 new lights) in
the number of decorative lights above, primarilythie Downtown, Library, Heritage Trail and
Freight House Districts. The cost for repairs armimenance of all of the decorative lighting
systems listed above (excluding the aesthetic iighattached to Broadway and Heart of
America Bridges, Northland and Urban Foyer liglaisgd Bartle Hall Tunnel lighting) and the
expected increase in the number of these lighti$ Is@ncluded in the Routine Maintenance unit
pricing for the estimated 92,000 streetlights. Twntractor shall actively pursue the acquisition
of this equipment to maintain adequate inventorele Delay for procurement of decorative
equipment is considered an inexcusable delay fopgaes of evaluating compliance with
Permanent Repair Time requirements as definedsrAtitachment.

The aesthetic lighting attached to Broadway andriH#aAmerica Bridges, Northland and Urban
Foyer lights and Bartle Hall tunnel lighting wilelmaintained under the Special maintenance
provision in Section 4.06.

Periodically, the City may assume ownership andnteaance of other types of decorative
lighting systems, LEDs, and smart control systeorslifjhting management, etc not included
above. These lights and special electrical equipprmell be maintained under the specialty
equipment provision in Section 1.08.

The Contractor will have sixty (60) days from thetide to Proceed date to assess, document,
and notify the City of any pre-existing conditionslated to decorative lights listed above
(missing downtown clam shell bases, damaged aéstigttts on Bridges and monuments, etc)
and provide cost estimates for the repairs. That tmw correct these deficiencies will be the
responsibility of the City. The City will issue aige order to the Contractor to correct these
deficiencies based on funding availability. The @actor will be expected to continue
maintaining the entire street lighting system adeuy to the Contract provisions.

All routine and special maintenance work ordersmpio May 1, 2012 will be the responsibility
of the previous Contractor and completion of woik ke verified by the City.

1.02 Lighting System Plans

Available drawings and quarter section maps of lieting system will be provided to the
successful Contractor in electronic form. The Ggynot responsible for the accuracy of the
information provided and the Contractor shall werif necessary. The Contractor must supply
hardware and software to view this graphical datdl records, drawings or inventory data
provided to the Contractor remain the propertylhef City and shall be returned upon written
request or at the completion of this Contract. sTimaterial shall be kept confidential by the
Contractor and shall be used only in the perforraasfcservices prescribed in this Contract and
may not be used for any other purpose except upcim terms as may agree upon by the City in
writing.
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1.03 On-Line Information Exchange

The City will provide the Contractor access to Githsset Management System (Cartegraph)
application and the Cartegraph Work Order Dashbdardthe streetlight facilities that are
maintained under this contract through Citrix Senlecated in the City’s Information
Technology Department. The Contractor will be gitbree login names and three passwords
and a link to access the Citrix Server. The Cattramay have to download a small application
from the web. Once logged on, the Contractor ugk the Cartegraph Client icon to login into
the Cartegraph application. The Dashboard icoh valused to access a web page that will
show all the current Work Order, time Work Ordeeated, etc in a color coded format. This
server will also be used by the Contractor to repgpair and maintenance activities performed
on the streetlight system. The Contractor shadpguand maintain their own computer systems
and a connection to the Internet. The City willane primary responsibility for updating and
maintaining the basic inventory data in this resmystem and provide training to the Contractor
for viewing and reporting data back into the Citsset Management System.

1.04 Service Requests

Information related to streetlight deficiencies nfroany source (City staff, metropolitan
emergency communication center (911), City Actioantér (311), or the general public)
received at the Contractor’s Call Center, enterdd the PeopleSoft to generate the service
request number.

1.05 Work Order

Work orders are generated in Cartegraph from P8gfieService Requests or from the
Contractor’s self-identified activities. Contractwill use the work order to generate the related
work order activities. The necessary repairs feséh(work order activities) are to be addressed
by the Contractor according to the performance nreasprovisions in this Attachment.

The Contractor shall be responsible to dispatchestigate, schedule, issue work instructions,
perform repairs, track materials and equipment @isagd supervise their work force with
methods or systems of their choosing.

1.06 Service and Performance Reporting

All repair and maintenance actions related to wor#ter activities, time of completion, and
alterations to the lighting system hardware shellréported and entered into Cartegraph. The
Contractor shall enter data concerning status akwaoder repair and maintenance activities in
accordance with reporting requirements shown irb 2a8d 2.06 to keep repair status and
inventory records current, and to satisfy the pemnce requirements shown in 2.04 and
payment justification criteria described in thiggthment.
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1.07 Requirements for Streetlight Maintenance Seige Coverage.

Service Activity Minimum Time of Coverage
1. Emergency Response to Investigate and Make-Safe 24 Hrs, 7 days per week

2. Make repairs in response to Work Orders 12 Fam-7pm weekdays
3. Other routine services 8 hours, weekdays

4. Special Maintenance or Construction 8 hours kdags

City offices observe nine (9) legal holidays pearye
1. New Year’'s Day

Martin Luther King’s birthday

Presidents’ Day

Memorial Day

Independence Day

Labor Day

Veterans’ Day

Thanksgiving Day (2 days)

9. Christmas Day

© NOoO Ok WN

The only type of maintenance service required aseoked holidays or weekends is the 24 hour
coverage for "Emergency Response to Investigatevaaie Safe.”

1.08 Specialty Equipment

Periodically, the City may assume ownership andnteaance of other types of decorative
lighting systems, LED lights, and smart controts,ret included in this contract. In such cases,
unless City and Contractor agree that these lightselectrical equipment should be maintained
based on the Routine Maintenance unit pricing appto the other streetlights, the City will
compensate the Contractor for cost of those lun@eampoles and other special equipment
required to match these installations.

Specialty equipment shall be procured by the Cotdraand shall be billed to the City at actual
cost without mark-up or additional installation ts

1.09 Contractor Furnished Materials

Contractor is required to procure and furnish @&feo materials including but not limited to:
luminaires, lamps, lenses, reflectors, ballastetgltontrols, shields, poles, mast arms, decals,
foundations (steel and concrete), receptacle sutietdecorative poles, lighting and receptacle
controllers (cabinets, electrical controls, pratectequipment, etc), cable splice boxes, lighting
and receptacle circuits, conduit and/or cable duncter pavement and earth, aerial cable, and
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luminaires mounted on bridges or abutment wallsnuneents, theft prevention devices, and
other lighting appurtenances including service ante equipment not maintained by the utility
company under the latest utility’s service standard

Cost of Contractor furnished materials shall besabgred incidental and included in the unit
prices for Routine Maintenance or Special Mainteeaservices as defined in this Attachment.

1.10 Ownership and Warranty of Materials

All materials furnished by the Contractor becomies property of the City at the time of
installation and activation as determined by thet@wtor's Work Order activities identifying
the materials utilized for a permanent repair oimte®ance task. Material used to temporarily
restore lighting service and later removed whempa@ent repairs are completed remains the
property of the Contractor. All equipment supplee installed under this Contract must carry
a minimum one year warranty beginning on the regabrhstallation date. During this period,
the Contractor shall provide all necessary coroasti repairs or adjustments to the furnished
equipment at no charge to the City. The City atites the Contractor the right to claim and
collect any warranty offered by the manufacturergeemature failure of Contractor furnished
material.

1.11 Material Specifications

The City will make available its standard matesjpécifications and material preferences for the
Contractor’s use (Refer to Section 5 of this Attaeint). In the event the Contractor wishes to
supply alternate materials they shall submit sjpeatibns and manufacturers certifications or test
reports of the proposed material for City reviewd aapproval. City will evaluate the
documentation and respond in a timely manner smaisto delay purchase of Contractor
furnished material.

In the event that the City requests the changeobwxisting luminaires to LEDs and smart
control systems, the City will provide the Contaatvith the specifications and Contractor shall
provide the City with the necessary shop drawirmgsapproval. Prices will be negotiated with
the Contractor at that time.

1.12 Integrity of Design, Equipment and Installation Standards

No design criteria, equipment standard, equipmebstiution, or revision to an installation
method of any kind shall be made without prior appt by the City. Any equipment or
installation procedure deemed unsatisfactory byGhge, based on incompatibility, low quality
or failure to comply with approved specificatiorisalf not be used in repairing or maintaining
the street light system. In the event such unagat@r unsatisfactory equipment or installation
is discovered in the field by a City representatitree Contractor shall remove and replace it
within 5 days of receiving written notification frothe City.

1.13 Public Inquiry Requirements
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The Contractor shall provide a dedicated telephamaber for citizen inquiry or complaints
related to the quality of repair work in-progressacotions of its work force on or adjacent to a
citizen’s property. The Contractor's personnel kli@low a pre-approved written procedure
when answering public inquiries. All calls shall ta&en in a courteous manner, investigated by
Contractor’s supervisory staff and resolved with8hours of receipt. Written report showing
pertinent information about the caller, locatiordarature of the requests and actions taken to
resolve them shall be submitted to the City eachtmadrhe dedicated telephone number shall be
an area code (816) Kansas City, Missouri numbewared by Contractor's office personnel
during normal weekday business hours. At otheesinthe Contractor may redirect such calls to
employee(s) on 24 hour standby status. The offdhanswering service shall provide the same
level of attention and care to citizen inquiriesbasiness hours service. Voice mail recorded
messaging is not acceptable as a substitute fdruiran attended service.

1.14 Qualified Work Force

The nature of the repairs required involves workimgh energized electrical systems and
connections to public utility service lines as wal the excavation in public right-of-way
containing other utility systems. The Contractoalskmploy sufficient numbers of trained and
qualified personnel to safely direct and perforra ghiescribed repairs and operate the types of
equipment required by this work. All work in elecal hazard areas must be performed in
accordance with ANSI Z-133.1 Standards and theodNati Electrical Safety Code which by
reference are hereby made part of this Contract.

Personnel certified by the Contractor to have resgkitraining in accordance with rules of the
Occupational Safety and Health Administration (OJHAd found in 29 C.F.R. 1910.269(a)(2)

shall be considered qualified to work on or aroenérgized power lines of a public utility and

perform streetlight repair and maintenance on postiof the City streetlight system connected to
utility owned facilities. Upon request of the Gi@ontractor shall furnish proof that personnel
performing streetlight repair and maintenance urdisr Contract have completed the required
training.

Work near or above water (bridge work) and othexcgg work shall meet all OSHA safety
requirements. Work zone safety requirements sadha#fic control shall also be in place at all
times.

1.15 Supervision

The Contractor shall have and identify a compelRenject Manager to coordinate and supervise
all aspects of the work performed by Contracto€sspnnel or sub-contractors and to interface
with the City representatives for the term of then€act. In addition, adequate number of field
supervisors shall be provided to direct and monibe number of field crews performing the

streetlight repair activities.

1.16 Operations Facility Requirement
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An Operations Facility shall be located within gy and shall be of sufficient size and staffing

to perform all work required in this Contract. Tiegility shall be open during normal weekday

business hours to authorized City personnel.

A Project Manager responsible for all contract adstiation and performance shall be at the
Operations Facility on a full-time basis and ava#aduring normal weekday business hours.

A Shift Supervisor responsible for all field opeoats shall be present at the Operations Facility
at all times the Contractor’'s work crews are infie&l. This supervisor shall be responsible for
dispatching and recording the repair or maintenactieities of the repair crews.

1.17 Voice Communications

Two-way voice communication (radio or wireless pélene) shall be maintained at all times
between the Operations Facility and all serviceialeb. Each service vehicle shall have a fully
operational communication unit during the entirekshift.

Additionally, wireless communication between Cityrestlight personnel and Contractor’s

dispatcher and supervisory staff shall be provided maintained by the Contractor. The
wireless equipment shall be three phones with sataices and six phones with voice services.
This equipment will remain the Contractor’s progeahd will be returned at the completion of

the Contract term.

1.18 Vehicle Requirements

Service trucks shall be fully equipped to repaipi¢gl streetlight outages and to handle all
Emergency Service Response and Make-Safe Activitishicles of the proper size and type
shall be provided to service lights mounted fromtd ®0 feet. Each truck shall be cleaned and
kept in good physical condition at all times. Then@actor's name, telephone number and a
vehicle identification number shall be clearly peieh on each side of each truck. In addition to
standard DOT running lights and revolving ambercbea, service vehicles shall display a retro-
reflective message STREETLIGHT MAINTENANCE on easile using minimum of 6" tall
black letters on silver background.

Other Contractor vehicles used for system patngipéctions or supervisors shall also be clearly
identified with Contractor's name, telephone numband retro-reflective message
STREETLIGHT MAINTENANCE on each side in a legiblees matched to the vehicle type.

1.19 Maintenance and Protection of Traffic

All maintenance operations conducted on or neartréneeled way of a public street shall be
identified and protected by appropriate traffic tohand safety warning devices suitable for
urban work zones. Signs, barriers or other protealevices used shall conform to the latest
edition of the FHWA Manual of Uniform Traffic Comlr Devices and companion publication

“Short Term Work Zone Traffic Control Guide”. Theontractor shall perform the repair or

maintenance work with minimum disruption to vehawutraffic. The closure or detouring of

traffic other than temporarily by use of flag persas not anticipated. Contractor shall provide
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and utilize standard traffic warning and protectilevices at each work site and in conformance
with the current edition of the FHWA Manual of Umim Traffic Control Devices. When
temporary elimination of on-street parking is neeeg to perform streetlight repairs, the
Contractor may, subject to approval of the Stresatd Traffic Division of Public Works
Department, post “Emergency No Parking” signs. #&wbe notice of the need for parking
restriction must be given the City minimum of 24ur® before signs are posted so that
appropriate legal regulations and notices can fges. Emergency No Parking signs shall be
posted a minimum of 18 hours before the Contraptans to begin repair work. No separate
payment will be made for Traffic Control and cokals be included in unit prices for Routine
and Special Maintenance items.

1.20 Utility Locates

Before performing any excavation required for dtiglet repair the Contractor shall give
minimum of 48 hours advance notice to all ownersimderground utility facilities for purpose
of having the facilities located and marked. Sundtice can be made, at no cost to the
Contractor, through the Missouri One Call Syste800-344-7483. Requirements pertaining to
excavator’'s responsibilities and obligations concey utility locates are found in Chapter 319
Revised Statutes of Missouri.

1.21 Property Damage Repairs

The Contractor shall be responsible for work-reladecidents and damages to public or private
property caused by its employees, agents or sutzaots performing repair or maintenance
activities under this Contract. In the event afndge, the Contractor shall repair, to the
satisfaction of the City, any damage to public ovaie property, including, but not limited to:
pavement, curbs, sidewalks, utilities, privateitytitonnections, driveways, irrigation systems,
and landscaping on public or private property, Itesyfrom work associated with this Contract.
All property damage will be reported to the Cityépresentatives. Claims of damage to private
property made directly to the City will be forwadd® the Contractor for resolution. Repair of
damage to private property shall be completed padCity acceptance of completed work items
in this Contract. An amount equal to claim for @@® sustained to public or private property
may be withheld from payment to Contractor unté @ity determines that the claim has been
satisfactorily resolved.

1.22 Inspection Criteria

City representatives will inspect streetlight repand maintenance work in progress, including
but not limited to excavation or pavement restoratiasks, and perform a final inspection on
lighting repairs identified as “complete” by the r@@ctor under process described in Section
2.06 of this Attachment. Any authorized Citpresentative shall have the right, not the duty,
to halt the Contractor’s work in progress if thairwis creating any type of public safety hazard,
or is causing damage to public or private propertyork at the site shall not resume until
corrective action is taken to eliminate the pubkfety hazard or damages. Time lost as result of
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halting unsafe work practices shall be considereshexcusable delay for purposes of evaluating
compliance with Permanent Repair Time requiremastdefined in this Attachment.

Inspection may include checking the materials, mesmsents, tolerances, installation procedures
or workmanship required in this Attachment and ritferenced Standard Specifications for the
Contract. A nighttime check may be made to confinmper operation of streetlights. The City
representative will use measurement methods cusyomdhin the construction industry or
proven effective on prior streetlight constructigark.

1.23 Recovery of Damages by Third Parties

The Contractor shall be subrogated to the Citysr@st and rights of recovery in all streetlights
which the Contractor repairs and maintains under @ontract, as a result of any actions by a
third party such as knock downs, cable cuts, efthe City agrees to provide necessary
information for enforcement of Contractor subrogatrights to the extent that such information
is uniquely available to the Contractor only frome ICity. The Contractor shall submit quarterly
reports on the amount of damage recovered. Aaugrth historical data submitted by the

current Contractor, the recovery rate of third padmages has averaged between 30% to 50%.

1.24 Permits, Fees and Deposits

The Contractor shall be responsible for obtainihgezjuired licenses and permits required by
the City Code of Ordinances. The Contractor sblathin permits for Excavations in the public
right-of-way or streets and meet requirements @eh fin City Code of Ordinances Section 64-
111 through 64-131. Subject to confirmation andrapal of the City Council, the Department
of Public Works will waive the collection of the Eavation Permit Application fee for
excavations made for purposes of repairing thetigat system; however, applicable pavement
degradation fees and restoration deposits wilbeotvaived.

SECTION 2: ROUTINE MAINTENANCE SERVICES

2.00 Routine Maintenance Responsibilities

All component items of the lighting system shallrbpaired and maintained under the category
of Routine Maintenance, unless stated otherwiseimerThis work shall consist of emergency
and permanent repairs to malfunctioning or damagpdpment and general maintenance of the
entire street lighting system including all defroiges reported by the City or a third party.
Contractor is responsible for all labor, equipmanti materials, as described herein, needed to
repair and restore the system to satisfactory dipgraondition as specified in this Contract.

Routine Maintenance shall include the Call Centerviges, Night Patrol and Streetlight
Inspection, Luminaire Cleaning, and Group Re-Largpai lighting units, damages by traffic
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accidents, third parties and weather, pole straight, cleaning, and painting, dispatch, data
entry and service reporting.

The category Routine Maintenance excludes repaireplacement of any pole or electrical
service wiring not used exclusively for purposesstieet lighting except in situations where
streetlights attached to traffic signals are manae by the Street Lighting Section of Public
Works.

2.01 Call Center Services

This work shall consist of providing personnel atiipment necessary to operate a 7 day per
week, 24 hour per day, and 365 days per year teteplall Center to accept and record service
requests from the public regarding malfunctioninglamaged streetlights in the City of Kansas
City, Missouri. The Contractor’s services shaltlude all labor, supervision, computer and
communication equipment necessary to provide thecss described herein.

A. Records System

The City will provide and administer controlled ass to the Contractor's computer to connect
to the City’s Network via VPN. Contractor will kable to sign into PeopleSoft application to
provide the new service request cases which walhtauto populate the Cartegraph through an
interface. The Contractor must supply and maintaeir own dedicated computer equipment
and communication link to the Internet in orderutilize the City software. The dedicated
computer is required because while it is connetetthe City’s network, it cannot be used for
any other purpose unless the VPN login is discom@aecThe City will provide license to use the
PeopleSoft application as well as training to thent@actor’'s supervisory staff for entering
required Service Request data directly into thepRSoft.

All software applications shall remain the propeofythe city and software shall be returned
upon written request or at the completion of thantfact. Inventory and other records made
assessable to the Contractor shall be kept conialdry the Contractor and shall be used only in
the performance of services prescribed in this @ghtand may not be used for any other
purpose except upon such terms as may agree upie &ty in writing.

B. Computer Requirements

Computer systems utilized by the Contractor’'s pamsbto record Service Request information
shall have the necessary RAM memory and hard giakesto install the PeopleSoft application
and associated communication and security appicagoftware required to communicate with
the Cartegraph, City’s Asset Management System.

C. Service Requests

Contractor will be required to provide and operatd4 hour Customer Service Call Center to
answer and record Service Requests made by theafjgniblic and routed to the Contractor’s
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facility via a special telephone number. The Cactor will make necessary arrangements and
assume all charges for the special telephone servihie Contractor’s personnel shall follow a

pre-approved procedure while speaking with theipublcollect accurate information needed to

locate and to repair the malfunctioning streetligfdgice mail recorded messaging during certain

time periods is not acceptable as a substitutthe®human attended service.

Information obtained from the citizen caller shbkk entered directly into the PeopleSoft
application as it is received to create the SeriRequests which in turn will auto populate the
Cartegraph system and will create work orders toatldressed according to the streetlight
maintenance contract performance requirements.

D. Street Lighting System Description

The Street Lighting System consists of approxinya@?,000 lighting units, individually or
group controlled installations, owned by the Citykansas City and under the jurisdiction of the
Department of Public Works. These installationdude various types of luminaires, poles, mast
arms, lighting control cabinets, above and undenggocable, and luminaires mounted on
bridges on public streets within corporate boundzriKansas City, Missouri. Streetlights on
highways maintained by the Missouri Highway and nBgortation Department or Missouri
suburbs bordering Kansas City, Missouri are nduched in the City lighting system.

E. Expected Volume of Service Requests

The expected number of telephone service requedtsliatribution of such requests over the 24
hour period is difficult to estimate. Informatiaiurrently available indicates the range of
telephone Service Requests taken by the presetractor is estimated at 400 to 500 per month,
resulting in the same number of Work Orders. Tdaes not account for duplicate calls
regarding the same outage. The number of actuak \Waders issued to address lighting repairs
by the current maintenance contractor varies betwl&®0 to 1500 per month which includes
Work Orders originating from night inspections regpd by the maintenance contractor.
Available data also shows that 82% of Work Ordeesvaitten in the 12 hour period 7:00 AM to
7 PM; 15% between 7 PM and midnight; and 3% betwi2AM and 7 AM. This distribution
may not accurately reflect actual time service estgiare received from the public.

F. Qualified work force

The nature of the services required involve takimigrmation in a courteous and thorough
manner, general knowledge of street addressingalhiical boundaries within the metropolitan
area of Kansas City; asking questions to obtaimirate location and description of the problem
being reported and properly recording each calli@fermation into the PeopleSoft application.
The Contractor shall employ sufficient numbers rairted and qualified personnel to perform
these services on a 24 hour per day, 7 day per,\8@é&kdays per year basis.

G. Supervision
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The Contractor shall have and identify a compet®apervisor Manager to coordinate and
supervise all aspects of the work performed by @atdr's personnel and to interface with the
City representatives for the term of the Contradhis supervisor shall be responsible for
monitoring calls taken and quality of customer gar\contact.

2.02 Basis of Payment for Routine Maintenance

Routine Maintenance is paid on the basis of anpeélunit price for each light in service taking
into account lighting units permanently removed amded to the system each month.
Computation of each monthly payment for Routine mtmance will consider the prorated
number of units in the lighting system that monthltiplied by the unit monthly rate and

adjusted by the deduction of specified liquidateaimdges, if any, for failure to meet
performance requirements prescribed in this Contra@mount of deduction for liquidated

damages based upon performance criteria will bercheted by the City utilizing data entered
into the City’s Asset Management System (Cartegrégyhthe Contractor and verified by City

inspections.

2.03 Response to Work Orders

The Contractor shall investigate each Work Ordehiwithe incident response time shown in
Section 2.04. Any location where electrical contdte or damaged street lighting equipment
present a hazard to public safety shall be addiessel “made safe” immediately by the
Contractor’s personnel before leaving the site. n&klusive actions such as de-energizing
circuits, securing exposed or downed cable, rengpdiamaged components from the traveled
way or sidewalks, placing warning signs or othéetyamarkings are required.

In the event other unsafe conditions, not exclugivelated to street lighting system, are
discovered at a particular site and these conditprevent servicing the streetlight problem to a
“made safe” condition, the Contractor shall infotine appropriate agency (Police, Fire, Utility
Company, Traffic Signal Repair, etc.) and remditha site until it is possible to eliminate the
hazard posed by the streetlight condition.

2.04 Response and Repair Time Requirements

The following chart describes the maximum incidezgponse, temporary service restoration,
and permanent repair time the Contractor is alloteegerform corrective actions on specific
streetlight problems. Failure to meet incidentpoese time or permanent repair time
requirements will result in assessment of liquidaamages prescribed in Sections 2.08 and
2.09 of this Attachment.

Incident Response Time The amount of time from the initial notificatido the Contractor
until a repair person physically arrives at the.sit

Temporary Service Restoration Time The amount of time from the initial notificatida the
Contractor until undamaged lights or portions oé tbffected circuit are made temporarily
operational.
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Permanent Repair Time The amount of time from the initial notificatido the Contractor
until the time temporary service restoration warkemoved and/or permanent repairs completed
returning the malfunctioning or damaged lightingtsonormal operating condition.

Response and Repair Time Requirements

. Temporary
Reported Problem Incident Service Perman_ent
Response . Repair
Restoration
Motorist caused damage or any downed or leaning,ddl] 1 hour to begl_n 4 hours 5 days
degrees or more make-safe action
Aerial cable down or sagged within 12 ft of norhelar 1 hour to bedin
ground or 18 ft of roadway or driveway; g 4 hours 1 day
g make safe action
or any electrified (hot) pole
Hanging mast arm or luminaire 1 hour to begl_n n/a 2 days
make-safe action
Outage of 5 or more successive lights 2 hours hdds 5 days
Control Cabinet Out 2 hours 4 hours 5 days
Buried cable failure or 3rd party cable cut; 2 hours 24 hours 14 days
(temporary cable needed)
Single luminaire/lamp outage; day-burn or cycliagp 48 hours n/a 2 days
All other Routine Maintenance items not listed adov n/a n/a 14 davs
(reported by City or third party) Y
Report outages (lamp and photocell) found during|th
Streetlight Inspection, Luminaire Cleaning, and @rdre- n/a n/a 2 days
Lamping Program
All other deficiencies (misaligned luminaires, leomast
arms, etc.) found during the Streetlight Inspattio
Luminaire Cleaning, and Group Re-Lamping Progfam na na 14 days
(pole painting completion time will vary with wesgtr)
Pole straightening, cleaning of defaced pole, axidting n/a n/a 14 days
Repair of luminaire outages found during the Nightrol n/a n/a 2 days

287



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

Service Restoration and/or Permanent Repair tirhes/s above shall each be increased by 24
hours on an Inclement Weather Day. Each succeskyemeeting the Inclement Weather
criteria adds 24 hours to the Service RestoratroResmanent Repair Time. Inclement weather
is considered an excusable delay for purposesaltiatiing compliance with Service Restoration
or Permanent Repair Time requirements as defingasrAttachment.

2.05 Trouble Reports

Notwithstanding requirement of Section 2.03 to pptgn respond and perform emergency
“make safe” actions upon arrival at the site of arkVOrder, any light outage not capable of
being field serviced by the first responding regaew shall be recorded with a Trouble Report.
Trouble Reports are intended for internal use leyGlontractor’'s repair crews to document any
pending repair needs and to generate follow-up Wartter Activities. Each Trouble Report
shall be identified and linked to the unique numbtthe Work Order for records and billing
verification purposes. A Trouble Report shall @mtarrival time, location and ID of lights out
of service, a description of temporary work perfedntime of completing temporary work,
materials used and description of pending repakstanecessary to restore normal lighting
service. Work Order Activities shall be entereitite City records system (Cartegraph) system
within four hours of Contractor's completion of tiratial investigation and emergency repair
actions at a particular Work Order site. The pegdiepairs shown on Trouble Reports are
subject to in-progress inspections and independgaiftcation by City inspectors.

2.06 Work Order Activities

Any light repair that is completed by the first peading repair crew or follow-up work,
originating from a Trouble Report, that resultgéstoration of normal lighting service, shall be
recorded on each Work Order Activity related toWerk Order. Work Order Activities are
intended to document that all repairs are complietea particular Work Order. Each Work
Order Activity shall be identified and linked toetlhinique number of the Work Order for records
and billing verification purposes. A Work Orderaitcontain location and ID number of light(s)
serviced, time of arrival, and a description ofaiepvork performed, time of completion and
materials used to restore service. Completed Wadef3 Activities shall be entered into the
City’s record system (Cartegraph) by the Contraatithin eight hours of completion or no later
than 9:00 AM the following workday. Closed Work ders are subject to independent
verification by City inspection.

2.07 Repair and Maintenance Performance Requiremeat

Section 2.04 contains the response and repairrgongrements for specific streetlight problems.
Failure to meet these response times or to comgletenanent repairs and the absence of
excusable delays shall result in the applicationligfiidated damages. Imposition of the
liguidated damage fees will be based upon datardedan the Asset Management (Cartegraph)
system, by the contractor, on Work Orders as resieand verified independently by the City.
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Such liquidated damage amounts shall be deduobed tihe monthly maintenance fee invoiced
by the Contractor to the City.

2.08 Incident Response Performance

Liquidated damages will be assessed for failingnieet the Incident Response Time(s)
prescribed for the type of repair initially transted to the Contractor through the City’s Asset
Management System (Cartegraph). In the eventtacpiar Work Order includes notification of
multiple items for repair, each with differing ldeint Response requirements, the Contractor
shall be liable only for meeting the response gatéor the most serious item. The fact that the
Contractor’s actual investigation at the Work Ordie discloses less serious or more serious
items for repair does not alter the Incident Respaiequirement imposed by the City’s original
notification.

The amount of liquidated damages assessed fondaib meet the Incident Response Times
prescribed for Work Orders and severity rankingrfioighest to lowest is as follows:

1. Pole knockdown or critical lean: $25.00 for eachuthbeyond the one hour response time
set forth in Section 2.04 that the Contractor fealsespond and begin “make safe” actions
to secure pole knockdown or dangerous leaning pole.

2. Aerial cable down or low: $25.00 Dollars for edadur beyond the one hour time set forth
in Section 2.04 that the Contractor fails to respamd begin “make safe” action for a
downed or critically low aerial cable or electrdiéhot) pole.

3. Hanging arm or luminaire: $10.00 Dollars for e&chur beyond the one hour time set forth
in Section 2.04 that the Contractor fails to respand begin “make safe” action.

4. Outage of 5 or more adjacent lights: $10.00 Dslifar each hour beyond the two hour
time set forth in Section 2.04 that the Contradtols to respond and begin temporary
repairs to restore lights or portions of the citccapable of operating until permanent
repairs can be made.

5. Control cabinet out: $10.00 Dollars for each hbayond the one hour time set forth in
Section 2.04 that the Contractor fails to respond begin temporary repairs to restore
circuits in the cabinet capable of operating usgitmanent repairs can be made.

6. Buried cable failure or cut: $5.00 Dollars for bdwur beyond the two hour time set forth
in Section 2.04 that the Contractor fails to regpand begin temporary repairs to restore
lights or portions of the circuit capable of opergtuntil permanent repairs can be made.

7. Single luminaire/lamp outages: $25.00 for each blayond the two day response/repair
time set forth in Section 2.04 that the Contradtils to repair outages caused by faulty
lamps, luminaires and photocells.

2.09 Permanent Repair Performance

Liguidated damages will be assessed for failingeet the Permanent Repair time requirements
for the most serious item discovered by the Cotdracinvestigation of a particular Work Order

289



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

and identified on a Trouble Report. Such repagdse whether reported on the original Work
Order or discovered by the Contractor at the tifi@ital response, shall be addressed promptly
and continuously until fully resolved. The Perm@anRepair criteria set forth in Section 2.04

and associated with the required repair task sipgly.

The amount of liquidated damages assessed fondailh meet the Permanent Repair times
prescribed for any Work Order other than a indigiduminaire outage or malfunction is twenty
five dollars ($25.00) for each day or part ther¢oé permanent repairs remains incomplete.

No penalties will be assessed for completion tireferth in Section 2.04 for malfunctions
reported by the Contractor during Night Patrol aheé Streetlight Inspection, Luminaire
Cleaning, and Group Re-lamping Program. Howeverfopmance will be monitored by the
City and will be used to evaluate the Contractorerall annual performance.

2.10 Monthly Performance Assessment

The analysis of the Contractor's compliance witltident response and permanent repair
requirements under this Contract and the assessafeijuidated damages, if any, will be
performed automatically by the City’'s Asset ManagainSystem (Cartegraph). Utilizing data
reported electronically on each Work Order by theni€actor, the Contractor shall initiate a
qguery of Work Orders on the last day of each monthis query report will identify all Work
Orders where the required performance criteria vsetemet. This report and a calculation of
any liquidated damages amount due shall be shovenasdit to the City on the Contractor’s
invoice for the current month maintenance and regavices.

SECTION 3: TECHNICAL REQUIREMENTS FOR ROUTINE MAINT ENANCE

3.00 Requirements for Routine Repairs and Maintenare

The requirements, standards and criteria for pevifog typical streetlight repair and
maintenance tasks that are covered under the cgtefgdoutine Maintenance are outlined in
this section.

3.01 Typical Service Procedure
The Contractor shall:

. Provide Call Center Services

. Assess and perform any emergency “make safe” anBeded at the repair site
. Visually inspect luminaire and pole

. Visually inspect reflector, lamp and lens

. Inspect for loose wires and connectors

. Test utility service connection for proper voltage

. Repair or replace defective components

. Record maintenance performed, materials used aredf completion
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. Prepare Trouble Report if other permanent repagsequired

. Communicate Trouble Report information to Shift Sygsor

. Create Work Order Activities in Cartegraph basednuprouble Report information
. Report Work Order information to the City via Capteph

. Select standard solutions in Cartegraph to close&@eRequests

3.02 Luminaire/Photocell Installation and Alignment

Luminaires shall be wired, attached to bracket aang leveled with the four mounting bolts
torque to 10 foot-pounds, according to the manufacts instructions (see Figures 1 and 2).
Luminaires shall be adjusted to be level withindeyrees in the direction perpendicular to the
street. They shall be adjusted to be parallel withsurface of the street within +2 degrees (see
Figure 3). Lamps of the correct wattage shall Istailled “finger-tight”, torque not to exceed 35
inch-pounds. Photocells shall be aligned by tunihe photocell socket on the luminaire
housing to the proper orientation and tightening slocket locking screw. Photocell window
shall be oriented to compass north within £15 degre Luminaires controlled from remote
control cabinets shall have a shunt plug instaltethe photocell socket. 120V luminaires shall
have single tap ballasts and 240V luminaires dielke dual tap 120/240V ballasts. Luminaires
operating at 208V and 277V shall have multi-tapd(208/240/277V) ballasts. (Refer to Section
5.05 for detailed luminaire specifications)

3.03 Cable

The Contractor shall repair or replace all aeriaunderground cable that becomes damaged,
displaced, defective or missing from any cause sdgeter. Temporary overhead cable may be
used to meet Service Restoration criteria on undargl systems. Such cable shall be installed
so that the lowest point is above 12 ft of non-galar ground or 18 ft of roadway or driveway.

When cable deficiencies are suspected or discoveredesponse to a Work Order, the
responding repair crew shall take immediate actoomake temporary repairs and if possible
restore partial service to other portions of theuwt that are not defective. In the event typd an
scope of repairs needed requires equipment or ralaterot available to the responding crew,
information for a Trouble Report shall be commutedaimmediately to the Shift Supervisor so
that additional follow-up Work Order Activities cdre assigned. Permanent repairs to defective
cable shall begin no later than time specified eotisn 2.04 and continue uninterrupted until
complete.

3.04 Salvage/Replacement of Circuit Cable

Downed and stretched aerial spans shall be refigkdre is no apparent damage to the cross-
section or insulation. If any damage is apparentthe conductor is not long enough for the
entire span, it shall be replaced with new cablearhe type and size as existing. Replacement
cable or repaired spans shall be installed andaeed so as to meet all requirements and
clearances prescribed by the National Electricét$aCode.
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If an underground conductor span is damaged, il §ieareplaced between approved splice
points. Mid-span or direct buried splices are mtlbwed on underground cable. All
underground circuit splices shall be made onlyafeases or in approved pull boxes and all
circuit connections shall be made according to NNEE3C Standards. (See Figure 6 for wiring
of 240 volt circuits)

3.05 Splicing of Circuit Cable

For aerial conductors, one splice will be alloweédeach pole (see Figure 1). If an overhead
conductor span is damaged beyond reuse, it sha#fdlaced pole-to-pole. Mid-span splices of
aerial cables are not allowed. For undergroundlgotors, splices shall be made only in pole
bases or in approved pull boxes (see Figures 4d& wiring of 120 volt circuits).

3.06 Underground Cable Installation

The Contractor shall use boring/jacking or microrteling for installation of replacement
underground conductor. Other installation methiadkiding vibratory plows or open trenching
shall not used without prior approval by the Cigxcavations for starting bores or field locating
utilities shall be protected at all times and sha&llrestored upon completion. All underground
cable conduit shall be installed in accordance ¢cti8n 300.5 of the latest revision of the
National Electrical Code. New conductor may belguuithrough existing duct systems with
prior approval by the City. Abandoned undergrogatile shall be labeled, de-energized and
both ends cut back 18 inches below grade.

Service cable conduits shall be installed accorthrie latest utility service standards.

3.07 Cable Theft

When cable theft is discovered, the Contractorl sissless the damages and provide the City
with the repair estimates. If the repair costsvathin the allowable deductible for Major
Vandalism, the Contractor shall immediately makpanes based upon the provisions of this
Contract.

The Contractor shall install City-approved cablefthprevention devices on all cable theft
replacement.

3.08 Identification Label (Luminaire and Cabinet Number)

The Contractor shall maintain or replace all ergptiCity assigned identification decals

(luminaire and cabinet number) identified in theyGilatabase. Specifications for ID decals
materials are contained in Section 5.18 of thigé&tment. The existing identification label on a
damaged wood pole shall be salvaged and installedhe replacement pole if possible.

Replacement steel poles or other poles with misgsamgaged labels shall receive a new label
with pole number to match the previously assignaahlber as shown on the streetlight drawing
or as directed by the City representative. Ste&gehall be labeled by affixing self-adhesive
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decal directly on the pole. Wood poles shall beled with metal or plastic placards securely

attached to the pole, upon which the reflectiveatliecaffixed. The label shall be positioned on

the vertical axis of the pole facing the street 8D feet above the pavement surface. Labels
on cabinets shall be positioned near the top ofltitee adjacent to the door hinge.

The City may request that the Contractor instalV reentification decals based upon the Special
Maintenance unit prices.

3.09 Light Poles, Bracket Arms and Luminaires Istallation

Pole, bracket arm and luminaire shall be instahed maintained plumb and level with the
luminaire horizontal axes parallel to the road acet As appropriate the Contractor shall, repair,
straighten, level, or replace all rotted, bent andgéfective poles/mast arms and replace missing
hand-hole covers. Poles which lean by more thard@grees shall be plumbed to that tolerance
and so that adjacent poles are generally parallehe another, (e.g. a given pole should not lean
to the left of vertical while the next pole leanghe right of vertical.) The Contractor shall bav
no duty under this Contract to straighten or pluanlg wood utility pole which is not exclusively
used for a City streetlight; however the alignmeniteria for luminaires contained in Section
3.02 shall be met to the extent practical on legujomt-use poles.

Where required by deterioration or damage, lighegoluminaires, and mast arms shall be
replaced with the same type, length, diameter dages as the original installation or as directed
by the City. Streetlight equipment of differenanufacturer than the original may be used as
replacements with City approval.

Replacement wood poles shall be placed in an adgbhote at the original location and
mechanically tamped in 6-inch lifts. The manufaetis brand shall be placed 6 feet maximum
above grade. Bracket arms shall be installedmaced according to the diagram (see Figure 1).
Repair of leaning poles shall be accomplished gaeating around the pole, straightening as
needed, and mechanically tamping backfill. Exisfpade keys shall be reinstalled or replaced as
required and installed a minimum of 6 inches bejpade.

All wood poles, new or straightened, shall be pluwithin +2.5 degrees in all directions and
positioned such that the bracket arm and luminaiperpendicular to the street centerline within
+7 degrees.

Replacement metal poles shall utilize the existinghor base if possible. If the base is damaged
or out-of-plumb, it must be replaced or straightenblew anchor bases shall be installed at the
same location, after removing the damaged baspaiRef leaning metal poles shall be
accomplished by excavating around the base, steaigiy as needed, and mechanically tamping
backfill. The top of the anchor base shall bsuatounding grade level, £2 inches. Metal poles,
shall be plumb within £2.5 degrees in all direci@nd positioned such that the bracket arm and
luminaire is perpendicular to the street centenimi®in +7 degrees. Shims between pole and
anchor base are not allowed for alignment.
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The Contractor shall install City-approved cablefthprevention devices on all knockdown
metal pole replacements.

Contractor may utilize flow-able fill or similar pducts to straighten poles up to the last six inch
lift. The top layer shall be clean soil.

3.10 Foundations and Bases

The Contractor shall have responsibility for knadge and safety requirements for light pole
foundation construction and determining if reusergplacement of a particular foundation,
anchor bolts, and anchor bolt extension is poss$tulthe type and height of pole being replaced.

3.11 Lighting Control Cabinet

The Contractor shall make all repairs to equipniecitiding relayscontactors, circuit breakers,
fuses, photocells, doors, hinges and general cakingcture to keep the cabinet functioning
effectively.

3.12 Guying Component Repairs

Span guy cables, down guy cables, and undergroMpending metal blade-type pole keys
shown on lighting plans shall be maintained andcaired as required to preserve or restore
alignment and integrity of aerial wired lightingstégms. Broken or slack guy cables shall be
salvaged and re-tensioned or replaced as requisea. Figure 7 for typical details) Pole keys
shall be inspected, reset or replaced as necesgany the straightening or replacement of a
wood pole. New hardware is required only to replagisting guying components damaged or
missing.

3.13 Incidental Tree Limb Removal

The pruning, removal or disposal of tree limbsussale the scope of this Streetlight Repair and
Maintenance Contract and will be handled by othefsor purposes of this Contract, the
Contractor may trim only limbs which are in contadth components of the lighting system and
that must be trimmed in order to complete the refaaks prescribed in this Attachment. Only
limbs on or above the public right-of-way or withitility easements may be trimmed. Any such
limbs are to be cut back to the nearest crotchcidémtal limb debris must be removed and
disposed of by the Contractor. No separate paymvéhbe made for incidental limb trimming
required for repair and maintenance purposes aadadlt shall be included in unit prices for
Routine and Special Maintenanitems.

Tree trimming needed to clear obstructed luminastesll be reported to a City representative
who will make arrangements with the City Forestetriim the interfering limbs.

3.14 Tree Limb Removal on Private Property
Any trimming needed on private property shall bporéed to a City representative who will
make arrangements with the City Forester to rentloeénterfering limbs.
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3.15 Tree Guards/Cable Guards

Some aerial conductors were originally installed¢amtact with major tree limbs because it was
impractical to remove the trees. Upon replacing ainthese conductors, a tubular poly guard
shall be placed on the cable and taped in plagegdeent chafing of the conductor. Existing
cable guards shall be reused, or replaced as egfjuiMaterials and installation of tree guards
shall be considered incidental to the aerial cotmuepair.

3.16  Street/Curb Cuts

Each cut of street pavement or curbing must beaepr by the City in advance of proceeding.
No excavation in street pavement shall be left oped unattended at any time. Restoration
shall be inspected in-process by the City. Atjuieements of KCMO Public Works Standard
SR-1 shall be followed.

3.17 Sidewalk Cuts

Each removal of sidewalk or other paved surfactherpublic right-of-way must be approved by

the City in advance of proceeding. No excavatiomsidewalks or shoulder areas shall be left
open and unattended at any time. Restoration blealhspected in-process by the City. All

requirements of APWA Standard 2300 and the KCMOpBament to Standard 2300 shall be

followed.

3.18 Non-Paved Surface Restoration

Any form of non-paved surface disturbance by thet@wtor's activities shall be restored to
original or better condition. Permanent damag€ity or private property resulting from the
Contractor's activities shall not be allowed. Naaation shall be left open and unattended at
any time. All excavations shall be refilled witkigting earth and tamped in 6 inch lifts. Any
landscaping, decorative ground cover, or hardssbpk be restored according to normal nursery
practice. For grassed areas, the following stépd be followed in lieu of the City standard:
refill and tamp as above; bring level to surrougdgnade with a minimum 3 inches of crumbled
topsoil; apply grass seed mixture (turf-type fesqexennial rye, Kentucky bluegrass) and rake
lightly into surface; cover lightly with straw ortleer appropriate mulch, substituting erosion
netting for straw on steep slopes. No rocks, sijasatrash shall be allowed on the surface.

3.19 Debris Removal and Disposal

The Contractor shall be responsible for the remolvam work sites, all damaged streetlight
equipment, materials and other debris resultinghftbe repair activities. As prescribed in this
Attachment, certain streetlight component mater@a be salvaged and may be reused to
complete the repairs. Any other material, exclgdiuminaires and lamps, not suitable for reuse
shall become the property of the Contractor and bwgalvaged, recycled or discarded at the
Contractor's discretion. No separate paymentlvalinade for debris removal and cost shall be
included in Routine and Special Maintenance undgs:.
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3.20 Hazardous Waste Disposal

Certain luminaires, lamps, and other equipmenth@ s$treetlight system may contain trace
amounts of compounds regulated as to method oagaler disposal. This equipment may be
generated from the Contractor's maintenance wotikiies or from other City projects.

The Contractor shall store the removed equipmertheit facilities and the disposal shall be
coordinated with the City. No separate paymerilt va made for storing lamps and disposal
coordination and cost shall be included in Routamel Special Maintenance unit prices. The
City shall be responsible for the actual disposats

3.21 Traffic Control Signs

Many streetlight poles contain official traffic dool, parking regulation, and street name signs
When replacement or repair of streetlight poleggired, the Contractor shall carefully remove
and reinstall all official City signs to the origihposition and orientation. In the event damage
to the supporting pole results in loss or sericamalge to official City signs, the Contractor shall
observe the following procedure to notify City bétneed for sign repairs:

Critical signs including STOP, YIELD, ONE WAY, DO OI' ENTER, PEDESTRIAN
CROSSING, SCHOOL CROSSING signs - Phone 513-93@&Kdays) or 513-2109 (nights or
weekends)

Other official signs & street name signs — Contvachall provide description (legend) of the
damaged sign(s) to the City sign shop at 5310 Mpaiand return damaged signs for repair,
salvage or disposal.

3.22 Traffic Signal Attachments

Streetlight poles at or near major intersectiors® alerve as supports for traffic and pedestrian
control signals. Repairs to such poles shall edinated with Public Works Street & Traffic
Division.

Traffic signal poles at or near major intersectiaalso serve as supports for streetlights.
Although most intersections have been upgraded detticated streetlight circuitry, there are a
few older intersections where the power for theetidighting system is provided by traffic
signal controllers. The Contractor shall coordenthieir repair activities for these lights with the
Public Works Street & Traffic Division.

Weekday and night/weekend phone numbers for congatffic signal maintenance personnel
are given in Section 3.21.

3.23 Foreign Attachments

Aerial cables belonging to electrical utility andarichised communication companies are
frequently attached to streetlight poles ownedHheyQity. It is the Contractor's responsibility to
honor reciprocal and joint-use agreements in theseoof repairing or replacing City streetlight

296



CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

poles and to coordinate such repairs with ownerthede cables. Foreign attachments to City
poles may also include devices such as KCPL Cell déwices and wireless communication
receivers owned by the City. Contractor shall fgo€ity representatives before altering or
removing any such devices.

3.24 Streetlight Inspection, Luminaire Cleaning, ad Group Re-lamping

Routine Maintenance of streetlights includes theopé inspection of each pole/luminaire unit,
cleaning of luminaire refractors and reflectors aydtematic group replacement of each lamp
and photocell on a four year cycle for high presgsodium and a two year cycle for metal halide
lamps excluding the Broadway and Heart of Americald®es, the Foyer lights, and the Bartle
Hall tunnel lighting. A plan and schedule for iespons, cleaning and group re-lamping shall
be jointly developed by the City and Contractorhivit60 days of the Notice to Proceed. Upon
City approval of the plan including description tbe procedures and reporting format of the
inspection, cleaning, and group re-lamping task &l locations identified on the schedule,
these tasks and schedule shall become a requireshémns Contract and shall remain in effect
for the term of the Contract. Contractor’s fieidabveries and repair and replacement activities
shall be entered into Cartegraph.

3.25 Streetlight Inspection, Luminaire Cleaning, ad Group Re-lamping Schedule

The inspection, cleaning, and group re-lampingldbalscheduled so an approximately equal
number of lights are serviced each month. The @otdr shall provide a schedule with dates
and locations of where crews are performing inspegcicleaning, and group re-lamping work.
This work is subject to independent verification@yy inspection.

3.26 Luminaire Cleaning

At the time of the inspection, both sides of thigaetor (Ilens) shall be washed with solution of
mild detergent and warm water and wiped dry wito#t clean cloth. The surface of the lamp
and reflector shall be wiped clean using a dampaitwasive clean clotiAny broken or missing
lens found at the time of cleaning shall be immistyareplaced.

3.27 Group Re-lamping

The Contractor shall replace each lamp and phdtooed four year cycle for high pressure
sodium and on a two year cycle for metal halidegamThe group re-lamping schedule shall be
coordinated with the luminaire cleaning schedule.

3.28 Streetlight Inspection, Luminaire Cleaning, ad Group Re-lamping Reports

The inspection, cleaning, and group re-lampinglgbalrecorded on City approved forms and
results reported to the City at end of each monthmps and photocells replaced shall also be
recorded on these forms. Deficiencies identifigdthee inspection are leaning poles, rot, rust,
poles requiring graffiti removal and repainting,saligned luminaires, loose mast arms, missing
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appurtenances such as ID numbers, bolt covers, In@adccovers, sagging cable and overhanging
tree limbs on cables or luminaires, etc.

The printed and an electronic report shall be ftedtiand signed by the Contractor's General
Manager and sent to the City’s Street Lighting ®ectalong with the regular monthly invoice
for routine repair and maintenance services.

Contractor shall also be required to create Workle@r electronically on all deficiencies
observed during the inspection and lamp and phbtoeglacements. Work Orders shall be
entered into the City’s asset management systeme@aph) by the end of each shift. Trouble
Reports and Work Orders shall follow the same megoents set forth in Section 2.

3.29 Night Patrol for Reporting of Luminaire Outages

The Contractor shall provide a detailed Night FgRr@gram and schedule within 15 days of the
Notice to Proceed to be approved by the City. Thatractor shall conduct a night patrol on

each luminaire on a monthly basis according to approved schedule and shall report each
outage observed during the night patrol to creaféoak Order by the end of each Night Patrol

shift. All permanent repairs on associated Worklé€ds shall meet the criteria set forth in

Section 2.04. There shall be no exceptions oratievis in the Night Patrol schedule unless
authorized by the City. The patrolling shall bendovisually by a vehicle based patrol person
with GPS recording capabilities for City’s veriftcan. The Contractor shall submit certification

of completion and all electronic GPS records focheanonth. Electronic GPS records shall

include times and locations stamp of the routeseaosh map. The Contractor shall be
responsible to provide the necessary recordingpegemt and GPS records/maps to verify the
night patrol activity.

3.30 Pole Cleaning, Painting and Straightening

Routine Maintenance of streetlights includes thegyoimg removal of graffiti on metal poles and

repainting of steel poles showing rust at the lmasagithin the vehicle splash zone defined as the
bottom eight (8) foot of the pole. Graffiti remdwshall be required if a pole surface is defaced
by any means including but not limited to spraynpamarkers, decals, bumper stickers or
abrasion of the original paint coatings. In radtgn that weather conditions may not be

suitable for painting operations during winter ntantpoles identified as in need of repainting
between October®land February®imay be scheduled for cleaning or repainting dftarch T

Repair of leaning metal poles shall be accomplidhedxcavating around the base, straightening
as needed, and mechanically tamping backfill.  Ttee of the anchor base shall be at
surrounding grade level, £2 inches. Metal pold®lisbe plumb within £2.5 degrees in all

directions and positioned such that the bracket amoh luminaire is perpendicular to the street
centerline within £7 degrees. Shims between paoid anchor base are not allowed for
alignment.
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3.31 Repair of minor storm or minor vandalism aitages
All minor storm and minor vandalism deficiencieslslbe repaired according to the criteria set
forth in Section 2.04.

3.32 Storage and Disposal of Streetlight Equipment

It is the City’s practice to have construction gantor dispose of non-hazardous streetlight
equipment. In the event that the equipment is @éekeim satisfactory condition by the City, the
City may require the contractor to store this emept for non-maintenance related projects. The
Contractor shall be responsible for the storagethi equipment and providing quarterly
inventory reports to the City. In case the equiptms not used, Contractor may dispose of it
with the City’s approval. No separate paymerit m@ made for storage and/or disposal and all
costs shall be included in Routine and Special kaiance unit prices.

SECTION 4: SPECIAL MAINTENANCE

4.00 Special Maintenance Work

Without limiting services prescribed for Routine iMk@nance set forth in Section 2 of this
Attachment, Special Maintenance shall include wopekformed by the Contractor upon receipt
of a written Special Work Request authorizationnfréhe City. Authorization of Special
Maintenance shall be at the sole discretion ofGhg. Such work will be based upon the same
technical and material specifications containethia Attachment and Contract or approved by
the City; however the terms for scheduling andfqrering the work, excluding unit prices, shall
be negotiable and mutually agreed upon by bothgsdbefore authorization to proceed is given.

4.01 Basis of Payment for Special Maintenance

Special Maintenance is paid on the basis of a sgbeaf unit prices for various work tasks.

Payment for each Special Maintenance Work Requiisbevmade only after the entire Special

Maintenance Work Request is completed. Work netemsd under special maintenance pay
items will be paid for on a time and material badiss 15% or at a negotiated unit price.

4.02 Inspection of Special Maintenance

City representatives will inspect Special Maintesework in progress and perform a final
inspection on installations identified as completednspection may include checking the
materials, measurements, tolerances or workmansdgpired in this Attachment and the
referenced Standard Specifications for the Contract City approved specifications. A
nighttime check may be made to confirm proper dpmraof streetlights. The City
representative will use measurement methods preffective on prior streetlight construction
work. Contractor shall provide the equipment, perel and measurement devices to
accomplish these tasks.A representative of the Contractor may accompany @ity
representative on any final inspections. The @itly provide a written list of deficiencies
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observed during final inspection that must be acde@ before acceptance is given or payment is
made.

4.03 Temporary Removal and Replacement

From time to time the City may require the tempgprdisconnection of aerial or underground
cable and/or removal of poles to accommodate pulility repairs or tree removals on street
right-of-way or other construction activities oe¢rremoval on adjacent private property. When
such temporary accommodation is requested and dtuenrto normal lighting condition is
expected to occur in 15 days or less, the City nssye a Special Work Request to the
Contractor. Special Work Requests for temporamoeal, replacement and any necessary
storage will be paid using unit prices for Speiaintenance.

4.04 Permanent Relocation, Additions or Adjustment

From time to time the City may request Contractsgsvices to make permanent changes to the
lighting system. Such work will be described i®pecial Work Request accompanied by plans
and written instructions. Special Work Requests permanent relocation, additions, or
adjustment, and any necessary storage will beysidy unit prices for Special Maintenance.

4.05 Specialty Equipment

At the request of the City, specialty equipmentlidhe procured by the Contractor and shall be
billed to the City at actual cost without mark-up axditional installation costs. Delay for
procurement of specialty equipment is considereexausable delay for purposes of evaluating
compliance with Permanent Repair Time requiremastsdefined in this Attachment. The
Contractor shall actively pursue the acquisitiosgdcial equipment.

Specialty equipment furnished by City projects khalstored at the Contractor’s facilities at no
additional cost. The Contractor shall be respdadir providing quarterly inventory reports to
the City.

4.06 Missouri River Bridge lights, Foyer Lights,and Bartle Hall Tunnel lights

The aesthetic lighting attached to Broadway andriH#aAmerica Bridges, Northland and Urban
Foyer lighting, and Bartle Hall tunnel lighting $ms require special lights and electrical
equipment, special maintenance schedule and siedalepair equipment, boats in the river,
and traffic control. Repair and maintenance ofséhéghts shall be addressed under special
maintenance unit pricing. The unit price for thégats shall include all the necessary lighting
equipment, zone safety (traffic control) and OSH#esy requirements, etc to keep the lights
operational. All repair and maintenance activisdall be performed according to the schedules
listed below.

The Broadway and Heart of America Bridges, and IBatiall tunnel lights shall be inspected
every six months and repairs shall be completelimihe timeframe approved by the City. The
cleaning and group re-lamping of the Broadway aearHof America Bridges and Bartle Hall
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tunnel lights shall be performed on a two year eycl

Foyer lights shall be inspected every six monthge $ystem components such as LEDs, power
supplies, surge protection system and i-Player raragiing, etc for the Foyer lights shall be
repaired as needed within the timeframe approveth&\City. Contractor shall also provide the
necessary grass and weed clearance to ensure @g@tion and functionality of the lighting
systems for these structures. The cleaning andpgreplacement of the Foyer lights shall be
performed according to the manufacturer’s recomragod with the approval of the City.

The Contractor shall provide a separate inspect@aning, and group re-lamping schedule for
the Broadway and Heart of America Bridges, the Fdigats, and Bartle Hall tunnel lighting for
City’s approval after the change order to proceét the work is received.

The onetime cost to troubleshoot and make the sacggepairs to the Bartle Hall tunnel
lighting is excluded from the on-going maintenanoé price. Repairs to make the Bartle Hall
lighting operational will be performed by the Citynder a separate contract prior to the
Contractor taking over the maintenance.

4.07 Pole Painting

From time to time the City may request Contract@é&vices to repaint poles for special
occasions. Such work will be described in a Spatiark Request accompanied by listing of
pole(s). Special Work Requests for repaintingaég will be paid using unit prices for Special
Maintenance.

4.08 Detailed Damage Assessment of Major Storms

For the purpose of this contract, a detailed damagsessment of the streetlight system
necessitated by a Major Storm, as defined heraall bb provided by the Contractor within 45
days from occurrence of the Major Storm. The partecognize that preparation of a Damage
Assessment Plan in advance of a Major Storm witkaase the efficiency of completing a
damage assessment and reduce the overall costyto The parties further acknowledge that a
joint presentation of a Plan to representativeshef Federal Emergency Management Agency
(FEMA), for review and comment prior to a Major 8tp may reduce City’'s exposure to
unrecovered costs following a Major Storm. TherefcCity, in its sole discretion, may request
the Contractor to prepare said Plan complete vathes of the electronic data collection forms,
crew routing procedures, personnel qualificati@ninistrative activities, and a sample format
of the cost estimate. The cost of all servicesigexr under this Section 4.06 shall be paid by
City to the Contractor in the unit prices for Sp¢daintenance.

4.09 Major Storm Repairs

For purposes of this Contract, repairs to the digk¢ system necessitated by a Major Storm, as
defined herein, shall be at the discretion of thiy.CIn the event such repairs are desired, a
Contract Change Order will be issued and the costich repairs shall be paid using unit prices
for Special Maintenance.
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4.10 Major Vandalism Repairs

For purposes of this Contract repairs to the dighgtsystem necessitated by Major Vandalism,
as defined herein, shall be at the discretion ef@lity. In the event such repairs are desired, a
Contract Change Order will be issued and the costich repairs shall be paid using unit prices
for Special Maintenance.

In case of cable theft, Contract Change Order Wl issued using unit prices in Special
Maintenance for cable replacement if existing cdindsi usable, and cable and conduit
replacement if conduit is damaged. The Contrastmll install City-approved cable theft
prevention devices on all cable theft replacement.

4.11  Potential LED and Smart Control System Céinge-Out

At the City’'s request, the Contractor may be resplito change out existing streetlights to City
approved LEDs with smart control systen@ity will provide the Contractor with the technical

material specification and Contractor shall sulbshibp drawings to the City for approval. Unit
prices shall be negotiable and mutually agreed umpprboth parties before authorization to
proceed is given.

4.12 As-Builts/System Maps (on-going and historat)

At the City’'s request, the Contractor shall provittee City with services to update as-

builts/system maps electronically on an ongoingsha3ngoing changes to the system shall be
updated within the same contract year/term. Cotudrashall coordinate software and drafting

standards with the City. In new developments, @umtractor may be required to purchase
GIS/base maps from the City to make the updatese cbst of purchasing the maps will be

billed to the City without markup.

The estimated number of lights to be updated carenual basis is approximately 1,000. 80% of
these lights are in new developments/roadway imgm@nts. The City will provide
documentations for these corrections.

new developments

new roadway improvement lighting systems

changes to existing lighting system (i.e., relcoad)
Additionally, the City does not have accurate astland system map drawings for the lighting
system in the former Aquila territory. The Citysaldoes not have circuitry information for the

older City-owned system (approximately 15,000 skigges) or for past changes (relocations,
etc) made to the system since 2002.

At the City’s request, the Contractor shall provide City with resources to update historical as-
builts/system maps. This work may include fiettification (pole locations, circuit locates or
tracing, etc), correcting the existing as-builtcm@ating new as-builts/system maps for areas that
do not have them.
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downtown KCP&L circuitry (may require coordinatieffort with KCP&L)
existing lights without circuitry information

pole ownership

developments not shown on existing as-builts

system relocations not shown on existing as-builts

former Aquila territory

Contractor shall coordinate software and draftitepmdards with the City. The Contractor may
be required to purchase GIS/base maps from the tGitynake the updates. The cost of
purchasing the maps will be billed to the City veitth markup.

4.13 Identification Label (Luminaire and Cabing Number)
The City may request that the Contractor instalv mentification decals based upon the Special
Maintenance unit prices.

SECTION 5: MATERIAL SPECIFICATIONS

5.00 Requirements for Material Specifications

Contractor shall submit shop drawings and matepekifications for City approval prior to the
purchase of any materials. Any changes to theimaligsubmittals will also require City
approval.

5.01 Wood Poles

Replacement wood poles shall bew, matching the length, size, and type of existioeg.
Poles shall be Class 5 wood lighting poles andl ffeaDouglas Fir or Southern Pine, pressure
treated according to the specifications of the AWP8pecifications and dimensions shall be
according to ANSI 05.1. The minimum top circumfeze of all poles shall be 18 inches. The
manufacturer’s brand shall include length, classavspecies, preservative, and year produced.

5.02 Metal Poles

All round or square steel (painted or unpaintedjmahum, anodized aluminum (in any color),
and octo-fluted poles (painted or unpainted) betw&ft and 50 ft are standard metal poles.
Steel poles shall be straight or tapered, roundarsor octo-fluted galvanized or painted and
conform to ASTM A595 Grade A. Poles shall inclualel x 6 ¥2 inch access hand hole with
tamper-resistant cover secured with a 3/8"-16 pezad bolt or Torx screws, a safety grounding
terminal inside the hand hole, a pole top cap s&hscrews, and anchor bolt covers secured with
hex head screws. Steel pole, hand hole covertagndap shall be hot dip galvanized inside and
out after fabrication. All screws shall be stasslesteel. Poles for single bracket arms shall
utilize one-bolt simplex fitting located 15 inchbslow the top of the pole. Poles for truss
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bracket arms shall have one set of two-bolt simfitérgs 27 9/16 inches apart located 8 inches
below the top of the pole. All new painted steales shall be powder coated.

Aluminum poles shall meet requirements of APWA 2882A. Anodized aluminum poles shall
be finished with matching Integral Color, Aluminuhssociation Class | Anodizing (Duranodic
or Kalcolor).

Replacement metal poles shall m&w, of the same length, size, mounting, and typexagieg
poles.

Ornamental decorative poles listed on the decardights table shall be replaced to match the
existing.

5.03 Anchor Bases

Replacement anchor bases shall be new auger-tybehelix, galvanized steel, of the same
length, size and type replaced. They shall bedatad of 6 inch schedule-40 steel pipe welded
to a top plate % x 12 x 12 inches. Break-a-wayanbases are standard items.

5.04 Transformer Bases
Transformer bases shall match existing and arelatdrntems.

5.05 Bracket Arms

Replacement bracket arms shall be of the sametgze, rise and length, and mounting as those
replaced. Bracket arms for steel poles shall bedated from 2 3/8 inch, 0.154 inch wall, steel
tubing, and hot dip galvanized after fabricatidBingle arms shall have the characteristic 36 or
58 degree “crook” as used on Kansas City streg#ljgdnd truss arms shall be of conventional
design with 2 inch vertical struts, so that all namms are visually compatible with existing
installations. Mounting plates for wood poles sHa# functionally equivalent to Valmont
BB11673. Mounting brackets for steel poles shalcbmpatible with simplex fittings.

Bracket arms on aluminum, anodized aluminum, ahdedorative poles shall match material,
type and color.

5.06 Luminaires

All replacement luminaires including the decoratiweinaires required for this Contract shall be
furnished by the Contractor. The Contractor skalimit photometrics and specifications on all
luminaires for City’s approval.

120V and 480V luminaires shall have single tapdsafl and 240V luminaires shall have dual tap
(120/240V) and/or multi-tap (120/208/240/277V) katk. Luminaires operating at 208V and
277V shall have multi-tap (120/208/240/277V) baBasAll metal halide ballasts shall be
replaced in kind.

Replacement luminaires shall be new, of the tymelght distribution, wattage and photometric
performance as existing. In order to use lumisaotner than the existing, the Contractor shall
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submit photometrics and specifications for Cityjgpeoval. Proposed luminaires shall be of
similar appearance to the existing. The existingcomy vapor luminaires shall be replaced with
City approved high pressure sodium vapor equivalent

Ovate (cobra head) luminaires shall meet the fallgvspecification covering the requirements
of the City of Kansas City, Missouri (KCMO) for 10@50, 250, and 400 watt high pressure
sodium vapor luminaires for roadway lighting. Qawtor shall submit shop drawings,
photometrics, and material specifications for Catgproval prior to the purchase of other
standard luminaires and lamp wattages.

The following abbreviations are applicable to thegecifications:
ANSI-American National Standards Institute
ASTM-American Society for Testing and Materials
IESNA-Illluminating Engineering Society of North America
NEMA- National Electric Manufacturers Association

All luminaires purchased under this specificatiohals meet the requirements of this
specification and the latest revision of the folliogy documents. If this specification conflicts
with any of the listed documents, the requirementis specification shall apply.

ANSI| C136.11-1995 ANSI| C136.17-1985 ANSI| C82.4-1992 ANSI C136.10-1996
ANSI| C136.2-1996 ANSI| C82.5-1990 ANSI/IES RP-8-1983 ANSI C136.14-1988
ANSI| C82.6-1995 ANSI C136.9-1990 ANSI C136.15-1986  ANSI C82.9-1990
ASTM D714 ANSI| C136.31-1987 ASTM B117-1985 ASTM@B-1987

Requirements

a) High pressure sodium luminaires shall be of theomed type with horizontal burning lamp
and slip fitter for horizontal mounting on a 2” rhasm.

b) Each luminaire shall consist of die cast aluminousing, a reflector, a terminal strip, a
bottom refractor or lens, a lamp socket, integedlast, an integral starting aid, a gasket, a photo
control socket, a shorting cap, identifying labalsd a ground wire from the neutral to the
luminaire case.

c) All parts of the luminaire shall be fabricated fraarrosion resistant materials. Each housing
shall be fabricated from die-cast aluminum; housingust be painted and shall withstand a
1000-hour salt spray as specified in ASTM DesigmgtB 117, D714. Paint base coat to be
gray.

d) The luminaire shall meet the physical and photometquirements specified herein. It shall
be optically sealed, mechanically strong and easydintain.
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e) The luminaire shall be designed as to its sizepst@d weight so that it does not aggravate
the vibration characteristics of its respectiveepahd it shall be compatible with the pole and
mast arm. The luminaire shall be capable of withditeg a vibration test of ANSI C 136.31 with
a test acceleration of 2.50G. The effective pr@@area of the luminaire shall not exceed 1.6
square feet and weigh not more than 50 pounds.

f) The luminaire shall slip-fit on two-inch pipe aland shall have a barrier to limit the amount
of insertion. It shall not be necessary to do mitv@n open the bottom cover to mount the
luminaire.

g) The luminaire shall be provided with a levelingrfage and shall have a 4-bolt
anchoring/attachment means so as to be capableirgd blted evenly up to a 5 degree tilt. The
luminaire shall be able to be rotated to any degi#ie respect to the supporting arm.

h) The lamp holder and ballast components shall neptetely wired, with connections made
to a heavy duty terminal board with plug-in (pres$uconnectors. The reactor and capacitor
leads shall not be smaller than #16 AWG conducibinese shall be coded by tagging, printing,
and/or color coding for proper identification. Amaplete wiring diagram coordinated with the
wire identifications shall be displayed at a congahlocation on the interior of the luminaire.

i) The luminaire shall have the ballast mounted m#krto the luminaire housing. All
connections within the ballast shall be made vdividual color-coded or printed NEMA tab
connectors.

j) Luminaires with overhead wiring shall incorporéise holders with 10 amp fuses for the
incoming line.

k) The terminal strip shall have protective barrieesween each terminal. The terminal screws
shall be captive or tunnel type lugs and equippgld wire grips for wire up to No. 6 AWG. All
components shall be pre-wired to a single stripu@sg that field connections are made to
clearly identified line terminals.

[) The lamp socket shall be mogul type; porcelaincssd with one piece screw shell, and is
provided with grips, or other suitable means taditbke lamp against vibration. The rating of the
socket shall exceed the lamp starting voltage tartirsg pulse voltage rating.

m) ANSI and IES Identification Decals. Decals, commpdywith the ANSI standard and IES
type distribution shall be factory attached pernmiiyeto the luminaire. The information
contained on the decals shall enable the viewem fthe ground level, to identify the lamp
wattage and type and the IES type luminaire distidm (black on white)

n) Optical Assembly. The optical assembly shall cetngf an aluminum reflector, horizontally
adjustable porcelain mogul base lamp socket, ayli@aar glass prismatic refractor or flat glass
lens. The optical assembly shall have a high teatper resistant gasketing system.

o) Reflector. The reflector shall be made of hydsarfed aluminum sheet of such grade and
guality that; (a) the reflecting surface shall haepecular finish; (b) the minimum reflectance
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factor of the reflecting surface shall not be ldsst 78%; and (c) the reflector surface shall be
protected with an anodized finish of not less tB&0006 inch thickness. A glass reflector finish
may be substituted in place of the above oxideimgaflhe glass finish shall be chemically

bonded to the reflector and shall be flexible, istpasistant and heat resistant.

p) Refractor/Lens. The refractor or lens for lumieaiusing up to 150 watt lamps shall be made
of an acrylic material or borosilicate glass andlishe heat and impact resistant. The lens for
luminaires of 250 watts and above shall be a flesgmade of fully tempered glass conforming
to ASTM Designation: C 1048-87, Standard Speciiicet for Heat Treated Flat Glass Kind FT.

q) Filter Systems. The luminaire shall be equippethva system for allowing filtered air to
enter and leave the optical compartment of therame. The purpose of the filtering system is
to remove particulate from the in flowing air pratiag their deposit on or discoloration of the
optical surfaces. This can be accomplished byparaée filter or using a filter type gasketing
system.

Ballast: The ballast shall be integral to the luminaireONt2uminaires shall have single tap
ballasts and 240V luminaires shall have dual tap20f240V) and/or multi-tap
(120/208/240/277V) ballasts. Luminaires operataig208V and 277V shall have multi-tap
(120/208/240/277V) ballasts. Ballast tap is tddiory connected per customer’s request.

a) The ballast components shall be mounted and fasdteuhin the luminaire housing in a
manner such that the components will remain seancecapable of withstanding the pole
vibrations. Each component shall be readily remtevdbr replacement. Clearance for
removable parts shall allow for easily and safeljmoving them with an electricians gloved
hand.

b) Heat-generating components shall be mounted $o ase the portion of the luminaire upon
which they are mounted as a heat sink. Capacitai Ise located as far as practical from the
heat-generating components or shall be thermaliddd to limit the case temperature to
their rated values.

c) Transformers and inductors shall be resin-impregghdor protection against moisture.
Capacitors, except those in the starting aid, $feaiealed.

d) Noise generated by the ballast or in combinatioth ihie starting aid shall be minimized.
Noise levels of the entire luminaire shall not eedd0 db “A” weight. “A” weight can be
measured with a dBA meter. Measuring distance acatibns shall be as shown Figure 9.

e) The ballast shall be designed to operate contisiyand to provide protection to itself in an
open or short circuit condition for a minimum pefriof 6 months over the rated electrical
and temperature range without loss of ballast amxdiary starting circuit life.

f) The lamp current crest factor for the reactorasali shall not exceed 1.6 for the 100 and 150
watt with +7%, -3% line voltage variation nominalrp voltage. The lamp current crest
factor for the CWA ballast shall not exceed 1.66tfe 250 and 400 watt. All ballasts shall
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be designed to provide the electrical charactesstecommended by ANSI and as specified
herein for proper starting and burning of the deaigd lamp.

All 100 watt (ANSI code S54) and 150 watt (ANSI eo855) ballasts shall be of the high
power factor reactor type. The 250 watt (ANSI c&#)) and 400 watt (ANSI code S51)
ballasts shall be of the CWA type. The ballasiuaninaire shall be plainly marked as to the
operating electrical ratings and rating of the ldimpwhich it is designed.

All ballasts shall provide reliable starting andnttouous operation down to minus (-) 40
degrees C. All ballasts shall operate at a poaetof of 89% or higher.

120V single-tap and 120/240V dual-tap ballastslisha high pressure sodium ballast
designed to meet ANSI Standards and rated for Gperan a 120 volt or 240 volt line. The

ballast shall provide positive lamp ignition at inwoltage of 100 volts for a 120 volt line or
200 volts for a 240 volt line. The ballast shalbyide lamp operation within the lamp

specifications over rated lamp life at the inpultage range of —3% through +7% for each
voltage tap (120, 240 V) of the 100W and 150W lumre.  Operating characteristics shall
conform to those depicted in the figure below wegulation not to exceed 23% for the 100
watt, 24% for the 150 watt, 17% for the 250 wattl 6% for the 400 watt.

Multi-tap ballasts shall be high pressure sodiutabg quad voltage with 120 volt, 208 volt,
240 volt and 277 volt taps. Ballast tap is to betdey connected per customer’s request. The
ballast shall be high pressure sodium ballast desigo meet ANSI Standards and rated for
operation on a 120 volt, 208 volt, 240 volt or Z/0ft line. The ballast shall provide positive
lamp ignition at input voltage of 100 volts for @QLvolt line, 173 volts for a 208 volt line,
200 volts for a 240 volt line and 231 volts for @72volt line. The ballast shall provide lamp
operation within the lamp specifications over rakaahp life at the input voltage range of —
3% through +7% for each voltage tap (120, 208, 24d, 277 V). Operating characteristics
shall conform to those depicted below with regolatnot to exceed 23% for the 100 watt,
24% for the 150 watt, 17% for the 250 watt, and 1fé¥the 400 watt.

Ballast Characteristic Curve
+7% Line Voltage

Ballast Characteristic Curve
For Nominal Line Voltage

A

Ballast Characteristic Curve
-3% Line Voltage

LAMP WATTS

LAMP VOLTS
Typical Ballast Characteristics Graph (ANSI Stauljar 308
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When A - Bis at its maximum, at nominal lamp voltage, perceagulation is equal to the
following:

Percent Regulation= e —-f X 100

g

Line A - B shall be drawn parallel to line a - Regulation; as defined above; shall not exceed
the values listed in section i of these specifarai

K)

The ballast windings shall be adequately impreghatad treated for protection against the
entrance of moisture, insulated with Class H insuha able to withstand the NEMA
standard dielectric test.

Starter Aid: The ballast shall include an eledostarting assembly. Starting aids for
ballast of a given lamp wattage shall be inter-geable between ballasts of the same
wattage and manufacturer without adjustments. Tiaetes aid shall be a plug-in type
mounted internally on the ballast access door miiraire housing. The starter aid shall be
designed to provide the electrical characteristteeommended by ANSI and this
specification for proper starting. The starter sill be designed to provide protection to
itself in an open or short circuit condition fomanimum period of 6 months without loss of
starter aid circuit life. The starter assemblylisha comprised of solid state devices whose
temperature limitations, performance and life mggirwill not be compromised when the
Luminaire is operating at its rated ambient. Thartset shall provide timed pulsing with
sufficient follow through current to completely iae and start all lamps. Minimum
amplitude of the pulse shall be 2,500 volts, witlvidth of one (1) microsecond at 2,250
volts, and shall be applied within 20 electricafyaes of the peak of the open circuit voltage
wave with the repetition rate as recommended byldhg manufacturer for the 60 hertz
wave. The lamp peak pulse current shall be a mimmti0.2 amperes. Proper ignition shall
be provided over a range of input voltage from ¥0lds to 130 volts for a 120 volt line, 200
to 260 volts for a 240 volt line and 230 to 300tgadlor a 277 volt line. The starter
component shall be fully enclosed or encapsulatiety replaceable and be completely
interchangeable with no adjustment necessary fopgar operation. The starter component
shall have push-on electrical terminations to pfevgood electrical and mechanical integrity
and ease of replacement. Terminal configuratioti phaclude improper insertion of plug-in
components.

Ballast Losses: losses on 120 volt ballasts barsexblnl bench tests shall not exceed sixteen
percent (16%) for a 100 watt ballast, sixteen par¢@6%) on a 150 watt ballast, twenty
percent (20%) on a 250 watt ballast and seventessept (17%) on a 400 watt ballast.

Ballast losses on dual (120/240V) and quad (12022@8277V) ballasts based on cold
bench tests shall not exceed thirty-four percedB for a 100 watt ballast, thirty-one
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percent (31%) on a 150 watt ballast, twenty perq@0) on a 250 watt ballast and
seventeen percent (17%) on a 400 watt ballast.

Ballast losses shall be calculated based on inpiiisvat nominal voltage and lamp watts at
nominal input voltage indicated in the followinguadjon:

Percent Losses = (WW, / W,) X 100
Where: W = Input Watts at 120V or 240V and,W Actual Lamp Wattage

Contractor shall include manufacturer’s literatared data to confirm compliance with all
requirements ANSI Standard Ballast Characteristiap@ (Trapezoidal Diagram, with all
items clearly identified.) with all other shop diag submittals.

Identifying Label. The information contained on thabel shall include the electrical ratings
and IES luminaire type.

Performance

The luminaire wattage and light distribution tygleall be as specified in this document. The
luminaire light classification for each luminairbadl be in accordance with the American
National Standard Practice for Roadway Lighting GINES RP-8, 1983, Appendix E).

The beam of maximum candlepower for luminairedl df@within the range between 67 to
73 degrees vertical.

The luminaire photometric performance shall prodeseilts equal to or better those listed in
the applicable luminaire performance table or tabteluded in these specifications (see
following charts). Information shall include computcalculations based on the controlling
given conditions, which demonstrate achievemenalblisted performance requirements.
The computer calculations shall be done in accaelamth IES recommendations and the
submittal calculations shall include point-by poifiuminance, luminance and veiling
luminance as well as a listing of all indicated rages and ratios. The lighting programs used
to perform the calculations shall be AGI-32, Mi@ie-Lite (1983 Revision 2.2), Aladin, or
any other lighting program approved by the City.

Calculation requirements along with minimum quandhd maximum ratios are shown on
following charts of this specification. In addihido computer printouts of photometric
performance, shop drawirsgibmittal informational shall include:

1. Descriptive literature

2. Isofootcandle chart of horizontal foot-candles
3. Utilization curve and isocandela diagram

4. Luminaire classification per IESNA designation
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5. Candlepower values at every 2.5 degrees intervais 60 degrees to 80 degrees and 5
degrees elsewhere

6. Candlepower tables are to be provided on a CD ctenpliskette in the IES format

e) All luminaire performance data described in sawib, cand d above shall be submitted for
review along with the shop drawing submittals.

CALCULATION REQUIREMENTS - GENERAL NOTES
1. Unless otherwise indicated, luminaire tilt shallzezo degrees.
2. Calculations shall be performed in conformance W&tk recommended procedures.

3. Calculation area for sidewalks shall be made on(@héoot increments in the transverse
(x-axis) direction and at the same points (y-akisjween luminaire cycles as above.
Calculations shall include both edges of the sidewa

PARAMETERS MEASUREMENTS

1. Observer eye height 1.45 meters above grade

. . Downward one degree below horizontal; paralleldgesof each lane
2. Line of sight of observer (2 lines per lane)
3. Lighting systems to be measured Smooth and level, at least 10 mounting heights long

4. Number of points per line At least 10, not more than 5 meters (16.4 ft.) gpar

All points between two luminaires on one side @das shown above

5. Area covered by calculations and meeting ANSI/IESNA RP-8-00

6. Calculation point location to At least one luminaire behind and at least thresadlof calculation
contributing luminaires point (P)
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Luminaire Quality Assurance Plan, Certification and Testing

The Contractor shall submit, at the time of shagding submittals, a detailed quality assurance
plan of the selected luminaire manufacturer thatuishes: manufacturer's written practices,
procedures, and instructions, or ISO-9000 Certifica

The Contractor shall also submit a Luminaire Ciediion (as defined below) from the
manufacturer indicating that the luminaires have alethe requirements of this specification
prior to manufacturing of the luminaires. Lumirggrshall not be manufactured or shipped prior
to City approval of the Certification. The Cityshthe right to randomly inspect manufactured
luminaires prior to shipment and conduct laboratests on selected luminaires.

Luminaire Certification Requirements
a) Photometrics Certification: luminaires shall be tested in accordance with IES
recommendations and, as a minimum, shall yield:

* An isofootcandle chart

* Anisocandela diagram

e Maximum plane and maximum cone plots of candela

« A candlepower table (house and street side)

« A coefficient of utilization chart

* A luminous flux distribution table including uppleemisphere
b) Electrical Certification: luminaires shall be tasten conformance to NEMA and ANSI

standards and, as a minimum, shall yield:

* A complete check of wiring connections

* A ballast dialectic test

» Total ballast losses in watts and percent of input
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* A lamp volt-watt trace

* Regulation data

* A starter test

» Lamp current crest factor

» Power factor (minimum over the design range of trymltage at nominal lamp voltage)

» A table of ballast characteristics showing inputpanes, watts and power factor, output
volts, amperes, watts and lamp crest factor as aglballast losses over the range of
values required to produce the lamp volt-watt trace

Mechanical and Sound Test Certification: submitsaoand vibration test results to yield
results shown graphically for noise

Reflectance Certification: measurement of six @)ecting surfaces of a reflector to obtain
individual surface and average reflectance

Calculations:Submit all computer calculations for luminaire peniance tables based on
specified requirements and test results.

Laboratory Testing

Laboratory testing of luminaires may be conductaddomly on selected luminaires prior to
shipment. The luminaire selected by the Cityt i sent to an independent testing laboratory
or for witnessed testing at manufacturer’s facitityd the results will be submitted to the City for
approval. The Contractor shall notify the City sigreks prior to the shipment of the luminaires
and coordinate any testing that may be required.

Testing Costs

The Contractor shall submit testing costs to thty €@ir approval. The City will be responsible
for all testing costs associated with the randostirtg of the selected luminaires. In the event
the test results in a failure in any of the speatibn requirements, then the Contractor shall
reimburse the City for all testing costs.

Test Failure

Should any of the tested luminaries fail to sati$fy specifications and perform in accordance
with approved submittal information and certificatj all luminaires shall be considered
unacceptable and shall be either:

1.

Replaced by alternate equipment with certificatitrat luminaires have met all the
requirements of this specification for City approvidne City has the right to inspect the new
luminaires and conduct additional testing if regdiror

Corrected to achieve required performance. Thetr@ctor shall advise the City of the
corrections and provide certification that lumiesirhave met all the requirements of this
specification. The City has the right to inspelé tcorrected luminaires and conduct
additional testing if required.
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Any additional testing cost (due to failure) shadl paid by the Contractor.

Document Requirements

The following documents shall be required with elchinaire shipment:
a) Manufacturer's name

b) Type and quantities of luminaires

c) A dimensioned drawing of the luminaire (one pertygb luminaire)
d) A copy of shipping ticket

e) Luminaire Certification (as described above)

Preparation for Delivery
a) The manufacturer shall inspect each luminairergdgacking for shipment.

b) Luminaires will be packaged and shipped in acaoecdawith standard industry practice
cushioned to prevent breakage or damage in trandimay be shipped in multiple containers or
individual boxes.

c) Each luminaire package shall contain installatr@tructions which shall include at least the
following instruction items:

1. General warnings as to type of usage and elecsafaty, lamp type, etc.
Removal of access door
Insertion of mast arm
Wiring
Photoelectric control installation
Final assembly and installation instructions inaigdamp in-socket tightness
Distribution type of adjustment
Method of adjusting and leveling
List of distributions for different lamp types asdcket positions
Maintenance - replacement of parts
Cleaning instructions

© ©® N MDD

B e
= o

d) Each shipping container shall be clearly markethtticate contents, manufacturer, model,
lamp and ballast types, electrical ratings andrakit identification number.
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KANSAS CITY MISSOURI PUBLIC WORKS

LUMINAIRE PERFORMANCE TABLE 100 WATT HPS

GIVEN CONDITIONS

Pavement Width 27 ft.
ROADWAY DATA: Number of Lanes 2
IES Surface Classification R3
Q-Zero Value .07
SIDEWALK DATA: Street Side Distance from walk to far E. of P. t6f
(5 ft. walk) House Side Distance from walk to near E. of P. t 6f
Mounting Height 27.75 ft
LIGHT POLE DATA: Mast Arm Length 6 ft
Pole Set-back from Edge of Pavement 2 ft
Lamp Type 100W HPS
Lamp Lumens 9,500 L
LUMINAIRE DATA: IES Cut-off Classification COor SC
IES Distribution Pattern (see note) MCOII, MSCIt,S5CII
Total Light Loss Factor 0.68
Spacing 156 ft
LAYOUT DATA: Configuration One side
Luminaire Overhang Over-Edge 4
NOTE: Variations from the above specified IES distribatfmattern may be requested and acceptance ofivagatill

be subject to review by KCMO based on how well pleeformance requirements are met. IES type nonfclutminaires

will not be accepted.

PERFORMANCE REQUIREMENTS

luminaire, based on the given conditions listedvabo

ROADWAY ILLUMINANCE:

ROADWAY LUMINANCE:

STREET OR HOUSE

NOTE: These performance requirements shall be the miniseoaptable standards of photometric performancthéo
Average Horizontal lllumination 4.4 lux
Uniformity Ratio:(avg/min) 6:1
Average Luminance (k) 0.35 cd/m
Uniformity Ratio (Lavg Lwmin) 3.15:1
(LMax/ I-Min) 65:1
Maximum Veiling Lumiance Rati@lymal Lavg) 0.33:1
Average Horizontal lllumination 1.8 lux
Uniformity Ratio:(avg./min) 7:1

SIDEWALK ILLUMINANCE:
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KANSAS CITY MISSOURI PUBLIC WORKS
LUMINAIRE PERFORMANCE TABLE 150 WATT HPS

GIVEN CONDITIONS

Pavement Width 36 ft.
Number of Lanes 3
ROADWAY DATA: e
IES Surface Classification R3
Q-Zero Value .07
SIDEWALK DATA: Street Side Distance from walk to far E. of P. tef
(5 ft. walk) House Side Distance from walk to near E. of P. t 6f
Mounting Height 29.75 ft
LIGHT POLE DATA: Mast Arm Length 6 ft
Pole Set-back from Edge of Pavement 4 ft
Lamp Type 150W HPS
Lamp Lumens 16,000 L
LUMINAIRE DATA: IES Cut-off Classification COorSC
IES Distribution Pattern (see note) MCO II, MSAll/br SSCII
Total Light Loss Factor 0.68
Spacing 165 ft
LAYOUT DATA: Configuration One side
Luminaire Overhang Over-Edge 2
NOTE: Variations from the above specified IES distribatfmattern may be requested and acceptance ofivagatill

be subject to review by KCMO based on how well pleeformance requirements are met. IES type nonfclutminaires
will not be accepted.
PERFORMANCE REQUIREMENTS

NOTE: These performance requirements shall be the miniseoaptable standards of photometric performancthéo
luminaire, based on the given conditions listedvabo

i inati 6.3 lux
ROADWAY ILLUMINANCE: AV(.arage_ Hor|29ntal IIIumllnatlon
Uniformity Ratio:(avg./min) 6:1
Average Luminance (ly) 0.4 cd/nf
i i i i 33:1
ROADWAY LUMINANCE: Uniformity Ratio (Lav/ Luin) _
(Lvax! Lwin) 72:1
Maximum Veiling Lumiance Rati@Lymay/ Lavo) 0.35:1
STREET OR HOUSE Average Horizontal lllumination 2.0 lux
SIDEWALK' ILLUMINANCE: Uniformity Ratio: (avg./min) 53:1
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KANSAS CITY MISSOURI PUBLIC WORKS
LUMINAIRE PERFORMANCE TABLE 250 WATT HPS

GIVEN CONDITIONS

Pavement Width 48 ft.
4

ROADWAY DATA: Number of Lanes

IES Surface Classification R3

Q-Zero Value .07
SIDEWALK DATA: Street Side Distance from walk to far E. of P. 10 ft
(5 ft. walk) House Side Distance from walk to near E. of P. 10 ft

Mounting Height 35 ft
LIGHT POLE DATA: Mast Arm Length 6 ft

Pole Set-back from Edge of Pavement 6 ft

Lamp Type 250W HPS

Lamp Lumens 27,500 L
LUMINAIRE DATA: IES Cut-off Classification co

IES Distribution Pattern (see note) MCO Il

Total Light Loss Factor 0.54

Spacing 180 ft
LAYOUT DATA: Configuration Opposite

Luminaire Overhang Over-Edge 3

NOTE: Variations from the above specified IES distribatfmattern may be requested and acceptance ofivagatill

be subject to review by KCMO based on how well pleeformance requirements are met. IES type nonfclutminaires

will not be accepted.

PERFORMANCE REQUIREMENTS

NOTE: These performance requirements shall be the miniseoaptable standards of photometric performancthéo
luminaire, based on the given conditions listedvabo

ROADWAY ILLUMINANCE:

ROADWAY LUMINANCE:

STREET OR HOUSE
SIDEWALK ILLUMINANCE:

Average Horizontal lllumination
Uniformity Ratio:(avg./min)

Average Luminance (lv)
Uniformity Ratio (Lavg/ Lwmin)
(Max/ Min)
Maximum Veiling Lumiance Rati@lymal Lavg)

Average Horizontal lllumination
Uniformity Ratio:(avg./min)

12.0 lux

29:1

0.8 cd/m

32:1

48:1

0.34:1

5.7 lux

27:1
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KANSAS CITY MISSOURI PUBLIC WORKS
LUMINAIRE PERFORMANCE TABLE 400 WATT HPS

GIVEN CONDITIONS

Pavement Width 60 ft.
ROADWAY DATA: Number of Lanes - 6
IES Surface Classification R3
Q-Zero Value .07
SIDEWALK DATA: Street Side Distance from walk to far E. of P. ft10
(5 ft. walk) House Side Distance from walk to near E. of P. ft10
Mounting Height 41.25 ft
LIGHT POLE DATA: Mast Arm Length 6 ft
Pole Set-back from Edge of Pavement 3ft
Lamp Type 400W HPS
Lamp Lumens 50,000 L
LUMINAIRE DATA: IES Cut-off Classification Cco
IES Distribution Pattern (see note) MCO Il
Total Light Loss Factor 0.54
Spacing 180 ft
LAYOUT DATA: Configuration Opposite
Luminaire Overhang Over-Edge 3

NOTE:

will not be accepted.

PERFORMANCE REQUIREMENTS

Variations from the above specified IES distribatfmattern may be requested and acceptance ofivagatill
be subject to review by KCMO based on how well pleeformance requirements are met. IES type nonffclutminaires

NOTE: These performance requirements shall be the miniseoaptable standards of photometric performancthéo
luminaire, based on the given conditions listedvabo

Average Horizontal Illumination 17.0 lux
ROADWAY ILLUMINANCE: . . . .

Uniformity Ratio:(avg./min) 25:1

Average Luminance (k) 1.2 cd/m

Uniformity Ratio (Layd Lwi 21:1
ROADWAY LUMINANCE: y (L Laain)

(Lmad Lnin) 29:1

Maximum Veiling Lumiance Ratiflyma! Lavg) 0.32:1
STREET OR HOUSE Average Horizontal Illumination 9.0 lux
SIDEWALK' ILLUMINANCE: Uniformity Ratio:(avg./min) 3.2:1
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5.07 High Pressure Sodium Vapor Lamps

The lamps must conform to the physical charactesistf the ANSI Standard C78.42-1995
“High Pressure Sodium Lamps” or the latest revisibthis standard. All bases must be of the
screw-shell type made of brass and meeting ANSidatal C81.61. Bases shall be mogul or
medium depending upon the requirements. Bulb naht@ust be lead borosilicate glass and the
bulb finish shall be clear. The arc tube matestall be polycrystalline aluminum oxide. All
lamps shall have the date of manufacture, eithde@¢®r actual, embossed on the lamp base or
other suitable location. The installation datellsha marked on the base of the lamp prior to
installing it in the luminaire.

The lamp must conform to the electrical charadiessof ANSI Standard C78.42-1995 or the
latest revision of this standard. Time from cdlidristo 80% light output shall be three to four
minutes and time to re-strike after brief poweermmiption shall be one minute.

The color temperature of the lamp shall be betwi#50 and 2100 degrees Kelvin. At half the
average lamp life, the mean output lumens musbadéss than 90% of the initial lumen output.
Rated initial lumen output shall be:

70 watt: 5,800 lumens - 250 watt: 27,500 lumens
100 watt: 9,500 lumens - 400 watt: 50,000 lumens

150 watt: 16,000 lumens

Warranties: The Contractor shall provide the Cityhva copy of the lamp warranties. High
Pressure Sodium lamp life (based on 50% failure)l ot be less than 24,000 hours and
burnout at 20,000 hours shall not exceed 20%. Isashjall not fail during the first 500 hours of
operation.

5.08 Metal Halide Lamps

All metal halide lamps shall conform to the latestision of ANSI C136.29 (Guide for Selection
of Metal Halide lamps) and ANSI C78 standards. t@umtor shall submit shop drawings and
material specifications for City approval priorttee purchase of metal halide lamps.

5.09 Photo Cells
Photoelectric controls shall meet or exceed aluiregnents of the latest revision of ANSI
C136.10

5.10 Underground Conductor

Underground conductor spans shall be new polyetieyilesulated copper cables, rated 600 volts,
UL listed type RHH/RHW/USE and color-coded accogdio the NEC. Splicing is allowed only
in pole bases or pull boxes. Replacement cabli Ishaf the same or larger gauge as existing
or as shown on street light drawings. The cabiedl sonform to the latest revision of ICEA-
NEMA Publication S-66-524. The cables shall beased in extruded high-density polyethylene
duct conforming to NEMA Standards Publication TGiid ASTM D3485. Two-conductor
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cables shall include identification for the phasel amneutral conductors, written, stamped, or
coded along the length; or using the colors blauk llack-with-white. Three-conductor cables
shall include identification for phase A, phaseaBd neutral in the same manner, or by color
coding black, black-with-white, and black-with-re@n light circuits operating at 240 volts and
with continuous ground, the grounding conductorlisha uninsulated or color-coded green.
Contractor shall not utilize direct buried condusto

5.11 Overhead Conductor

Overhead conductors shall be new aluminum of tiheestype and size as existing or as shown
on existing streetlight drawings. The cables shafifform to ICEA S-66-524, part 7.3. The

cables shall be neutral-supported, twisted assesjbtionsisting of one or two polyethylene-

insulated aluminum phase conductors, and one batdrah (messenger) serving as the
supporting structure. Triplex assemblies shallehagach phase identified or coded along the
length.

5.12 Pole Conductor

Pole conductors located inside metal poles or latagkms shall be replaced in entirety if
damaged. Replacement conductors shall be newjasthfi10-2 Romex” rated U/F. In systems
with separate ground, the conductor shall includei@e uninsulated ground wire. In systems
operating at 240 volts, the conductor shall be 3M/ground”. Ground wire used for bonding of
neutrals to metal poles shall be solid bare coppegreen insulated, #8 AWG minimum.

5.13 Fuse and Fuse Holder

Fuse holders in metal poles shall be replaced math if damaged. In-line fuse holders shall be
UL listed and designed for attachment to solid wargled wires and provide a watertight

enclosure for the fuse element. The fuse holdeall stilize a breakaway design with set screw
to isolate the load in the event the pole is kndotewn by a traffic crash. Fuses used shall be
UL listed, class CC or Midget fuses, 10 amperd;dating type.

5.14 Electrical Connectors
New connectors shall be used as required. Bedaatkecopper and aluminum conductors may
be found in the street lighting system, only conoescrated for both aluminum and copper
conductors shall be utilized.

For overhead conductors, crimp-type (“Burndy”) cectors shall be used for all taps. The phase
tap shall be taped with Scotch #33 or equivalent.

For connections inside poles or pull boxes, cororecshall be set-screw. Non-watertight
models require a rubber boot, wrapped with Sco®B. #Watertight models, such as Homac
RAB 1/0 series or equal, do not require tapingterdative 5/8 “Burndy” type crimp connectors

may be allowed with the City’'s approval if propetlyped with MY30Y insulating tape and

covered with Scotch #33.
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5.15 Span Guys
Pole-to-pole span guys requiring replacement sl new 1/4 inch stranded steel guy wire.
Existing hardware may be re-used or equivalenttguben may be made.

5.16 Down Guys

Pole-to-ground guys requiring replacement shall ose& ¥4 inch stranded steel guy wire.
Existing hardware and anchors may be re-used, wiv&gnt substitution may be made. New
anchors, if needed, shall be 8000 ft-Ib helix v&it& inch anchor rod.

5.17 Pole Key Guys
Underground expanding metal pole keys (blade tgp@)l be a minimum of 250 square inches
expanded.

5.18 Identification Label (Luminaire/Cabinet Number)

Standard identification labels shall consist ofethrletters and four numerals in vertical
orientation with the letters at the top so as amrdownward. Legend shall be 2 inch series “C”
upper case black characters on silver retro-reflectheeting with pressure sensitive adhesive
backing, as prescribed for use on standard highsigrys in the FHWA Manual of Uniform
Traffic Control Devices. Labels intended for maaogton wood poles shall be applied to a metal
or plastic placard that can be attached directhythi® pole. Supplied labels shall bear the
luminaire/cabinet number shown on the streetlightwihg or as directed by the City
representative.

For decorative poles in special districts, ideaéfion labels shall be approved by the City.

5.19 Pull and Junction Boxes

Pull and junction boxes shall be sized in accordamith the latest edition of NEC and shall be
installed such that they are accessible. Extgndr and junction boxes shall be heavy duty,
precast polymer concrete, and shall meet the lamssion of ANSI/SCTE77 performance
specification requirements. In no assembly canctheer design load exceed the design load of
the box. Minimum size exterior pull box shall be 20x13.5"Wx12.0"D. Covers for exterior
pull boxes shall have text stating 'KCMO STREET HGNG' and show the tier designation of
the box. Minimum load rating shall be equivalemtSCTE Tier 8. In joint use boxes, cables
shall be clearly identified as streetlight cablethvplastic or metal tags. Additional pull boxes
may be installed when approved by the City. Intepioll and junction boxes shall be NEMA-1
rated and match the existing equipment.

5.20 Enclosures/Streetlight Controllers

The streetlight controller shall be in accordandth ity specifications and utility company
requirements. The controller's name plate smalicate the short circuit rating of 10,000 amps
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and have the UL label. The exterior enclosuredl seaNEMA-3R rated. The construction and
installation shall be according to the NEC, NES@] bbcal applicable City and utility standards.
5.21 Cable Theft Prevention Devices

The Contractor shall install City-approved cableftiprevention devices.

5.22 Painting

Rusted or defaced metal poles or controllers dfeBurface prepared and coated with approved
exterior grade metal paint in color closely matghaxisting galvanized steel, natural or anodized
aluminum poles in the streetlight system.

SECTION 6: HISTORICAL MAINTENANCE RECORDS

The following table summarizes the best availab#&ohical system deficiencies maintained in
the City’s record system. This data was derivedhfinformation reported to the City’s record
system. Each Action Code is an individual Work @rdctivity entry and there are no duplicate
guantities. Multiple work order activities may l@ssociated with one work order. The
approximate annual knockdown rate is estimatedsatdd0.7 percent.

QUANTITIES

DESCRIPTION Agg:DOEN 2003 2004 2005 2006 2007 : 2008 2009 2010
REPLACE BASE SLAA 94 108 99 128 120 109 97 91
RESET BASE SLAB 138 160 160 124 161 147 89 94
REPLACE POLE SLAC 472 524 500 491 516 469 353 349
RESET POLE SLAD 86 70 40 44 47 36 65 66
REPAIR CABLE SLAE 20 25 13 7 5 14 2 10
REPAIR CABLE CONNECTION SLAF 89 43 37 67 92 74 24 70
INSTALL TEMP O/H OR U/G FEED SLAG 6
REPLACE SPAN CONDUCTOR SLBA 120 232 179 165 223 164 130 141
RESAG SPAN CONDUCTOR SLBB 52 73 115 59 74 141 94 29
SERVICE CONNECTION REPAIR SLBC 39 62 86 113 71 44 60 87
SPAN GUY READJUSTED SLBD 15 21 18 9 14 9 5 7
DOWN GUY REPAIR OR READJUST SLBE 18 19 7 11 18 10 6
REMOUNT LIGHT HEAD SLCA 83 139 135 114 109 57 61 62
REPLACE LIGHT HEAD SLCB 658 628 595 613 646 550 368 580
REPLACE BRANCH CIRCUIT SLCC 4 0 3 8 4 19 5 1
REATTACH BRACKET ARM SLCD 310 443 437 386 375 277 227 192
REPLACE BRACKET ARM SLCE 125 176 148 177 232 277 169 157
REPLACE SPAN CONDUCTOR >5 SLDA 15 12 10 13 12 20 13 24
MULT OUTAGE PULL O/H-U/G WIRE SLDB 76 14 8 22 22 92 131 39
MULTI OUTAGE MINOR VANDALISM SLDC 21 2 2 14 16 49 51 37
CONTROL CABINET REPLACED SLEA 1 6 8 11 15 1 7 7
CONT CABINET FUSE/BREAKER OUT SLEB 117 199 201 228 231 261 200 226
CONT CABINET PHOTOCELL REPLACE SLEC 189 30 51 66 411 24 57 42
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REPLACE CONT CABINET ID TAG SLED 7 15 15 1
REPLACE CONT CABINET LOCK SLEE 3 1 1 0
REPLACE CONTROL CABINET SLEF 3 4
PULL NEW U/G CABLE SLFA 146 210 202 294 308 173 168 74
OLD CABLE FAILURE U/G SLFB 3
OLD SPLICE FAILURE U/G SLFC 1
REPLACE LAMP SLGA 2676 3925 5949 13987 | 20641 :21384: 15875 @ 17228
REPLACE PHOTOCELL SLGB 925 1198 2467 8496 : 13828 ;15614 11366 : 11998
REPLACE BRANCH WIRE(ROMEX) SLGC 41 29 42 39 52 73 57 139
REPLACE FUSE SLGD 298 461 475 718 776 946 1042 1015
REPLACE LENS OR LENS DOOR SLGE 138 172 232 268 387 529 313 269
REPLACE HEAD SLGF 335 462 519 1410 2035 | 1616 1349 1028
REPLACE OR PULL NEW WIRE SLGG 20 21 1 26 35 57 53 55
MINOR VANDALISM-SINGLE OUTAGE SLGH 57 40 33 30 68 115 76 56
RESET BASE SLHA 6 0 0 0 0 0 0 0
QUANTITIES
DESCRIPTION Agg:DOEN 2003 2004 2005 2006 2007 : 2008 2009 2010
REPAIR OR REPLACE POLE KEY SLHC 1 0 0 0 0 0 0 1
ADD DOWN GUY SLHD 1 0 1 0 1 1 0 0
ADJUST OR LEVEL HEAD SLHE 5 4 42 11 (0] 2 3 0
REPLACE RUSTED OR ROTTED POLE SLIA 1 0 2 1 8 0 4 2
PAINT RUSTED OR ROTTED POLE SLIB 20 0 330 336 5 6 0 2
MINOR TREE TRIM SLJA 13 49 68 37 42 222 243 336
MAJOR TREE TRIM REFER TO CITY SLJB 5 9 0 0 0 1
RESAG CONDUCTOR-TREE CONFLICT SLJC 4 1 1 1 0 1
ALIGN HEAD-TREE CONFLICT SLJD 0 4 0 0 2
INTALL TREE OR CABLE GUARD SLIJE 1 0
REPLACE HANDHOLE COVER SLKA 380 27 111 102 37 35 96 150
REPLACE BOLT COVER SLKB 26 1 150 109 19 14 74 192
REPLACE ID TAG SLLA 20 22 67 311 264 66 51 33
RESOLVED TO CITIZEN'S SATISFAC SLMB 21
UNRESOLVED TO CITIZEN'S SATISFAC SLMC 2
NOT CAUSED BY CONTRACTOR SLMD 4
NO PROBLEM FOUND SLNA 528
NO REPAIR NEEDED-NO PROBLEM SLNB 227
NON CITY LIGHT-NOT OUR PRBLEM SLNC 183
3RD PARTY DAMAGE-PENDING MISCL SLPA 3 0 0 1
POWER OUT (SERVICE DISRUPTION) SLPB 5 0 2
MAJOR STORM DAMAGE SLPC 2 0 38
UTILITY FAULT NEEDS REPAIR SLPD 0 0 0
MAJOR VANDALISM SLPE 15 1 3
PAVEMENT RESTORATION SLPF 7 8 0 0 1
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LANDSCAPE RESTORATION SLPG 3 0 0 2
DEAD IN BASE SLR1 2 35 42 84 268
POLE PAINT SLR2 446 504 176 31 9
LOOSE ARM SLR3 1 0
BOLT COVERS SLR4 440 551 422 29 1
HANDHOLE COVER SLR5 120 163 141 45 7
SAGGING CABLE SLR6 11 12 2 1 0
HEAD/ARM ANGLE SLR7 10 8 6 1 0
REALIGN HEAD SLR8 21 23 12 4 3
LENS CLEANED SLR9 13 7 179 1 1
INST TEMP O/H FEED ON KNOCKDOWN SLTA 2 0 0 0 1
INST TEMP O/H FEED ON SING OUTAGE SLTC 3 2 0 1 2
TEMP WORK MAKE SAFE CONDITIONS SLTD 977 1073 888 662 261
TEMP O/H FEED U/G CABLE FAILURE SLTE 3 1 2 0 0
TEMP O/H FEED SINGLE OUTAGE SLTF 1 0 0 0 4
ROUTINE MAINTENANCE OPERATION SLWB 2
MISCELLANEOUS WORK (CITY USE) SLWC 1
UNINSTALL WOOD POLE SLXA 1
UNINSTALL CONTROLLER SLXK 1
REINSTALL CONTROLLER SLYK 5
INSTALL NEW WOOD POLE SLZA 1
TOTALS | 8035 9740 13842 : 31391 : 44579 45829 : 34004 : 36632

Section 7 - CITY RESPONSIBLITIES

1.

City will reimburse Contractor actual purchase,hwitt mark-up or additional installation
cost for Specialty equipment defined in Sectior81.0

City will provide padlocks for lighting controllerabinets.

City will provide Contractor with its material spications and material preferences for use
in procuring Contractor furnished equipment foraie@nd maintenance activities (Refer to
Section 5 of this Attachment).

City will provide the Contractor the best availaimgentory and electronic drawing files of
all Quarter Section map drawings showing the locatf existing streetlights, luminaire
numbers, routing of lighting circuits and points aifnnection of each circuit to the utility
secondary power service line. In the event no ohrgvis available for older lights or if
information on a drawing is found inaccurate in firedd, City will provide authorized

representative to meet with Contractor and ideméfyair needs.

City will assign luminaire and cabinet numbers &k new lights added to the lighting
system.
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6. City will notify the Contractor and supply specifmcation and inventory data regarding new
lights added to the lighting system and establghite date routine maintenance service on
the new lights is to begin.

7. City will coordinate any required contacts with thélity company regarding electrical
service connections and joint-use facilities inlighting system.

8. City shall be responsible for the actual disposaits of hazardous material removed by the
Contractor.

9. City will provide duly authorized representatives rhonitor and inspect the Contractor's
progress within the scope of the assigned tasks \emmily successful completion and
acceptance of work units for purposes of compemsati

10. The City will provide and administer controlled ass to the Contractor's computer for
PeopleSoft and Cartegraph. Technical questionceromg the electronic information
exchange can be answered by E-mail to the City'svbié& Administrator, Nisar Sheriff
(nisar.sheriff@kcmo.ong  or Cartegraph Administrator, Matthew Stivers
(matthew.stivers@kcmo.org)

City representatives assigned to this Contract are:

Mahmoud Hadjian, Manager of Lighting Services (816-513-9852)
Carolyn Adkins, Streetlight Maintenance Engineer (816-513-9874)
Victor Pecina, Streetlight Design Engineer (816-513-9868)

Tram Fenimore, Streetlight Design Engineer (816-513-9866)

Kirt Silvers, Principal Engineering Technician (816-513-9851)
Matthew Stivers, matthew.stivers@kcmo.o@16-513-9309)
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FIGURE 1
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FIGURE 2
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FIGURE 3
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FIGURE 4
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FIGURE 5
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FIGURE 6
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FIGURE 7
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FIGURE 8
LUMINAIRE SOUND TEST
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Lab Number: Test Date:

Tested By (Print): Witness/Approval:

Tested By (Sign):

Item Tested: Catalog Number:

Description: Perform 25 point hemispherical sound level testAdnweight scale.

FIGURE 9
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FIGURE 10
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Date of Reading:
Project Name:
Controller Address:
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KCMO STREETLIGHTING SERVICES
INSULATION RESISTANCE READINGS

Map Number:

Project Number:
ID Number:

Prior to final inspection, the contractor shallttel$ cables for unscheduled grounds. Each cowdwsttall be tested
to ground with a megohmeter at 500 volts. Readingsach case shall be infinity.

KCMO STREETLIGHT

Circuit #1 Circuit #2
Span Resistance Span Resistance
Number Between Poles Reading Number Between Poles Reading
Circuit #1 Circuit #2
Span Resistance Span Resistance
Number Between Poles Reading Number Between Poles Reading
Test Performed By:
FIGURE 11
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Date of Reading:
Project Name:

Controller Address:

CAPITAL PROJECTS DIVISION
Public Works Department
City of Kansas City, Missouri

VOLTAGE READINGS
(All voltage readings shall be taken with the pow#y

Contractor:

Project Number:

ID Number:

Circuit #1 Circuit #2 Circuit #3

Circuit #4

Span #1

Span #2

Span #3

Span #4

Span #5

Span #6

Span #7

Span #8

Span #9

Span #10

Span #11

Span #12

Test Performed By:

name
FIGURE 12

signature
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PART B - TRAFFIC SIGNAL

SCOPE OF SERVICES
Section 1: General Requirements

1.1.The Contractor shall be responsible for the masrers service and continuous
operation of the following 21 traffic signals.

1.1.1. HICKMAN MILLS & 85TH

1.1.2. JC NICHOLS PKWY & 47TH

1.1.3. SOUTHWEST TRFWY & 31ST & KARNES
1.1.4. SOUTHWEST TRFWY & WADDELL/SUMMIT & 39TH
1.1.5. SOUTHWEST TRFWY & VALENTINE

1.1.6. N OAK & NE 50TH TER

1.1.7. NE BARRY & N OAK

1.1.8. NW BARRY & N WYANDOTTE

1.1.9. HOLMES & 75TH

1.1.10.HOLMES & 99TH

1.1.11.MEYER & PROSPECT

1.1.12.BRUSH CREEK/47TH & PASEO
1.1.13.PASEOQO & 55TH

1.1.14 BLUE PKWY & EASTWOOD TRFWY
1.1.15.STATE LINE RD & SHAWNEE MISSION PKWY
1.1.16. WARD PKWY & SHAWNEE MISSION PKWY
1.1.17.BROADWAY & 20TH

1.1.18.GREGORY & OAK

1.1.19.GREGORY & TROOST
1.1.20.JACKSON/SPRUCE & 12TH

1.1.21.BLUE RIDGE CUTOFF & RAYTOWN

1.2. City shall reserve the optic require the contractor to provide for speciaintenance
servicesat any of the City’s signalized intersections witlin agreed time fram&Vhen
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special maintenance services are requidgidchment 2 — Cost Proposal, Part B - Special
Traffic Signal Maintenance will be utilized to matepairs and modifications.

1.3. The Contractor shall maintain and operate theitrafgnals listed above in a manner that
will ensure safe and efficient movement of trafind that complies with maintenance
practices prescribed by the International Municigignal Association (IMSA) and
operational guidelines in the latest version of Manon Uniform Traffic Control Devises
(MUTCD), as amended.

1.3.1. The Contractor’s responsibilities shall includet Imot be limited to, preventative
maintenance (periodic inspection, service, andimeuepairs), emergency maintenance
(troubleshooting in the event of equipment malfiorct failure, or damage) and all
traffic signal related complaints for the traffigisals shown above.

1.3.2. The Contractor’'s responsibilities shall also inéuchaintenance of all city owned
Advanced Traffic Management System (ATMS) equipmditte ATMS equipment
may include, but are not limited to fiber opticdrface panel/ITS cables, fiber optic
splice enclosures, fiber optic/copper intercon&nd between the intersections, PTZ
camera systems, Ethernet switches, wireless rad@&wers and transmitters.

1.3.3. Traffic signal equipment owned and maintained by RO\ and other
organization/agencies could be in operation oradid installed at any of the above
listed traffic signals. This equipment may incluolét will not be limited to wireless
radio equipment and interface to the red light aansystem. The contractor shall not
disconnect, remove or alter the equipment withbet grior approval of both the city
and the owning organization/agency.

1.3.4. The Contractor shall record all traffic signal aities in a traffic signal maintenance
log in the traffic signal cabinet and as well as @arteGraph System.

1.4. The Contractor shall complete all maintenance sesvas indicated in the following Traffic
Signal Maintenance Priority Schedule. All maintecerservices shall include all labor,
supervision, equipment, materials, computer andnsomication equipment necessary to
provide the contracted services described herin.

1.4.1. Class | - Urgent response required; no delay ipad@hing to investigate and resolve
the problem, expected arrival by contractor shalMbthin one-hour of report to call
center.

1.4.1.1. Allout

1.4.1.2. Stuck (confirmed call) or loss of side-street attua(detector "not picking")
or locked in

1.4.1.3. Flashing during peak traffic hours

1.4.1.4. Multiple indications at same time

1.4.1.5. Knock down controller, pole or head

1.4.1.6. Signal head turned in conflict or beyond visibiliy traffic (45 Degree or
more)

1.4.1.7. Red light out, red door open, red lens missingaongletely obscured
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1.4.1.8. Green lens door open (causes conflict)
1.4.1.9. Veryrapid cycling
1.4.1.10. Blanking out - short loss of indications duringental change
1.4.1.11. Controller door open or controller damaged
1.4.1.12. Cable cut, damaged or uncovered by constructioeygemcy locate for cable
requested by utility or contractor
1.4.2. Class. Il - Prompt response required; no undueydeldispatching to investigate and
resolve the problem, expected arrival by contrastall be withintwo hours of report
to call center.
1.4.2.1. DONT WALK" out
1.4.2.2. Yellow out, yellow door open, yellow lens missing
1.4.2.3. Green out
1.4.2.4. Left turn or protected right turn green or yellomwoav out
1.4.2.5. "WALK" out
1.4.2.6. On flash at other than peak traffic hours
1.4.2.7. Slow cycling or "maxing out" if activated intersext
1.4.2.8. Pedestrian push button not working
1.4.2.9. Head turned or leaning away from traffic; indicasopartly visible (20
degrees — 40 degrees)
1.4.2.10. Signals flickering or dimming noticeably
1.4.2.11. Replace or 'reinstall missing, broken or loose pob cover (barricade if

left open)
1.4.2.12. Check and troubleshoot communication issues
1.4.3. Class. Ill - reasonable response required withmesday of report to call center; may

be held-over if approved by city staff, but, forloager thartwo working days.
1.4.3.1. Out-of-step (not synchronized) or operating on wrdral for time of day
1.4.3.2. Signal head turned slightly or partly obscuredd&@rees — 15 degrees)
1.4.3.3. Not flashing at nights, weekends or holidays agduled
1.4.3.4. Vehicle detector not working
1.4.3.5. Secure loose pole, guy wire, external conduit, etc.
1.4.3.6. Locate cable for utilities or contractors
1.4.3.7. Cycling — Pedestrian signals
1.4.4. Class IV - Scheduled work
1.4.4.1. Revise timing or programs
1.4.4.2. Remove, relocate, reinstall or replace signal ageim due to construction
1.4.4.3. Modify signal indications such as replacing, addorgremoving heads or
sections
1.4.4.4. Installing new or replacement cable, conduit, palkes, etc.
1.4.4.5. Repair vehicle detection loops
1.4.4.6. Install new or replacement controllers or backpsinel
1.4.4.7. Visor loose or missing
1.4.4.8. Reset/reinstall/replace clocks
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1.4.4.9. Replace missing handhole cover

1.4.4.10. Repair ATMS equipment

1.4.4.11. Periodic inspection of traffic signal for deficiees
1.4.5. Class V - Continuous, year-round projects

1.4.5.1. Preventative maintenance inspections

1.4.5.2. Systematic re-lamping, camera/signal lens cleaning

1.45.3. Pole painting

1.4.5.4. Field inventory

1.4.5.5. As-built map correction (on-going aistorical)

1.5. The Contractor may remove any component of thaliest equipment for repair; however,
any permanent modifications and/or equipment reprents shall utilize new equipment
that is capable of performing at minimum the saorefions as the original equipment and
that meets or exceeds Kansas City, MO Traffic Si@peecifications TSS-500B, Technical
Special Provisions for Kansas City, Missouri TrafSignals ( Attachment 2D) and the
operational guidelines in the latest version of ML, as amended

1.6. All existing equipment with inventory control tagball need to be replaced with equipment
with new inventory control tags. These changeshtodquipment shall need to be logged
into the Cartegraph system, as required by the @iansas City, MO.

1.7.All equipment that is removed from the intersecti@hall need to be delivered in good
condition to the City’s Traffic Operations Cent€i5810 Municipal Ave.

1.8.City staff shall not make any equipment modificaioand/or equipment replacements
without prior written notice to the Contractor, ept for the annual conflict monitor
replacements.

1.9. The Contractor shall update the traffic signal tignand phasing in accordance with City’s
policies during traffic signal maintenance and rees approved by City staff.

1.10. The Contractor shall note in the maintenance log taffic signal timing and
phasing changes and shall keep a copy of the tsrang any approval documentation in the
traffic signal cabinet & Cartegraph System.

1.11. The Contractor shall conduct periodic inspectiomlbtraffic signals for deficiencies
including, but not limited to partial signal indigans, non-functional push buttons, non-
functional detection equipment, non-functional ATM&uipment, dirty camera/signal lens
and signal head out of alignment. Deficiencies kbeshall be conducted once every 3
months for all the signals.
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1.12. Contractor shall be responsible to maintain phot @deo logs of all traffic signal
equipment damage, replacements and repair. Coottrsicall also be responsible to deliver
the photo, video logs and summary of equipmentacgphents/repair at each of the
intersections in electronic format once every thremths.

1.13. City shall reserve the option to supply the traffignal equipment needed for repairs
or opt to use the approved equipment supplied eyQbntractor. If City chooses to supply
the traffic signal equipment, the contractor shallrequired to credit the supply cost of the
equipment provided in the Attachment 2 — Cost PsapoPart B - Special Traffic Signal
Maintenance.

1.14. Traffic Signal Plans

Available drawings of the traffic signals will begvided to the successful Contractor in
electronic form. The City is not responsible fioe accuracy of the information provided
and the Contractor shall verify if necessary. Thant@actor must supply hardware and
software to view this graphical data. All recordeawings or inventory data provided to
the Contractor remain the property of the City ahdll be returned upon written request
or at the completion of this Contract. This mateshall be kept confidential by the

Contractor and shall be used only in the perforraaot services prescribed in this

Contract and may not be used for any other purgasept upon such terms as may
agreed upon by the City in writing.

1.15. On-Line Information Exchange
The City will provide the Contractor access to Gitartegraph application and the
Cartegraph Work Order Dashboard for the trafficnalgfacilities that are maintained
under this contract through Citrix Server locatedhe City’s Information Technology
Department. The Contractor will be given threedagames and three passwords and a
link to access the Citrix Server. The Contractoaymhave to download a small
application from the web. Once logged on, the @ator will use the Cartegraph Client
icon to login into the Cartegraph application. Teshboard icon will be used to access
a web page that will show all the current Work @rdiene Work Order created, etc in a
color coded format. This server will also be ubgdhe Contractor to report repair and
maintenance activities performed on the trafficnalgsystem. The Contractor shall
supply and maintain their own computer systemsadnnection to the Internet. The
City will retain primary responsibility for updatinand maintaining the basic inventory
data in this records system and provide trainingh® Contractor for viewing and
reporting data back into the City’s Asset Managen@istem.

1.16. Service Requests

Information related to traffic signal deficiencigem any source (traffic signal dispatch,
City staff, metropolitan emergency communicatiomtee (911), City Action Center
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(311), or the general public) received at the Gantor's Call Center, entered into the
PeopleSoft to generate the service request number.
1.17. Work Order

Work orders are generated in Cartegraph from P8opfieService Requests or from the
Contractor’s self-identified activities. Contracwill use the work order to generate the
related work order activities. The necessary repfair these (work order activities) are to
be addressed by the Contractor according to tHerpggnce measures provisions in this
Attachment.

The Contractor shall be responsible to dispatchestigate, schedule, issue work
instructions, perform repairs, track materials agdiipment usage and supervise their
work force with methods or systems of their chogsin

1.18. Service and Performance Reporting
All repair and maintenance actions related to wandker activities, time of completion,
and alterations to the traffic signals shall beoregd and entered into Cartegraph system.
The Contractor shall enter data concerning statwgook order repair and maintenance
activities in accordance with reporting requirensetat keep repair status and inventory
records current, and to satisfy the performanceuirements described in this
Attachment.

1.19. Requirements for Traffic Signal Maintenance SerGowerage.
Service Activity Minimum Time of Coverage
1.19.1. Emergency Response to Investigate and 24 Hrs, 7 days per week

Resolve (Class | & Class Il) Issues
1.19.2. Make Repairs in Response to Class Il Issues 1X%4mrs, - 6pm weekdays

1.19.3. Class IV & Class V Issues 8 Hrs, weekdays

1.19.4. Special Maintenance 8 Hrs, weekdays

City offices observe nine (9) legal holidays peary

New Year's Day

Martin Luther King’s birthday
Presidents’ Day

Memorial Day
Independence Day

Labor Day

Veterans’ Day

Thanksgiving Day (2 days)
Christmas Day
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The only type of maintenance service required loseoved holidays or weekends is the
24 hour coverage for "Emergency Response to ligastand Resolve (Class | & Class
) Issues”

1.20. Contractor Furnished Materials
Contractor is required to procure and furnish #glleo materials including but not limited
to: controllers, cabinets, signal heads, lensgkeators, ballasts, photo controls, shields,
poles, mast arms, inventory tags, foundations,ptacée outlets, lighting and receptacle
controllers (cabinets, electrical controls, prateciequipment, etc), conduit and/or cable
under pavement and earth, temporary aerial cahbkk,canduit mounted on bridges or
abutment walls, monuments, ATMS equipment, andrdthfic signal equipment.

Cost of Contractor furnished materials shall bestdered incidental and included in the
unit price for Routine Maintenance services asnaefiin this Attachment.

1.21. Ownership and Warranty of Materials

All materials furnished by the Contractor becontes groperty of the City at the time of
installation and activation as determined by thent@wtor's Work Order activities
identifying the materials utilized for a permaneapair or maintenance task. Material
used to temporarily restore traffic signal operatand later removed when permanent
repairs are completed remains the property of tbheti@ctor. All equipment supplied
and installed under this Contract must carry a mum two year warranty beginning on
the reported installation date. During this peridkde Contractor shall provide all
necessary corrections, repairs or adjustmentsetdutmished equipment at no charge to
the City. The City authorizes the Contractor tightrto claim and collect any warranty
offered by the manufacturer for premature failur€ontractor furnished material.

1.22. Material Specifications
All equipment furnished shall meet or exceed Karziag MO Traffic Signal Specifications
TSS-500B, latest version of Kansas City, MO Traflignal Standard Drawings, Technical
Special Provisions (Section 3) and the operatianstelines in the latest version of
MUTCD, as amended.

1.23. Integrity of Design, Equipment and Installationrg&tards
No design criteria, equipment standard, equipmaristgution, or revision to an
installation method of any kind shall be made withprior approval by the City. Any
equipment or installation procedure deemed unsatisfy by the City, based on
incompatibility, low quality or failure to complyitih approved specifications shall not be
used in repairing or maintaining the traffic signalln the event such unapproved or
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unsatisfactory equipment or installation is disgeden the field by a City representative,
City may terminate the Contract and terminate payraethe end of such specified time

1.24. Public Inquiry Requirements

The Contractor shall provide a dedicated telephaneber for citizen inquiry or
complaints related to the quality of repair workpirogress or actions of its work force on
or adjacent to a citizen’s property. The Contrdstgrersonnel shall follow a pre-
approved written procedure when answering publjiines. All calls shall be taken in a
courteous manner, investigated by Contractor’s gy staff and resolved within 48
hours of receipt. Written report showing pertingribrmation about the caller, location
and nature of the requests and actions taken ebveesthem shall be submitted to the City
each month. The dedicated telephone number shahbarea code (816) Kansas City,
Missouri number answered by Contractor's officespanel during normal weekday
business hours. At other times, the Contractor redirect such calls to employee(s) on
24 hour standby status. The off-hours answeringaeshall provide the same level of
attention and care to citizen inquiries as busirtemsrs service. Voice mail recorded
messaging is not acceptable as a substitute fdruitman attended service.

1.25. Qualified Work Force
The nature of the repairs required involves workiith energized electrical systems,
fiber optic interconnects and connections to publitity service lines as well as the
excavation in public right-of-way containing othaility systems. The Contractor shall
employ sufficient numbers of trained and qualifptsonnel to safely direct and perform
the prescribed repairs and operate the types apegumt required by this work. All
work in electrical hazard areas must be perfornme@dcordance with ANSI Z-133.1
Standards and the National Electrical Safety Colielwby reference are hereby made
part of this Contract.
Personnel certified by the Contractor to have kexkitraining in accordance with rules
of the Occupational Safety and Health Administrat{®@SHA) and found in 29 C.F.R.
1910.269(a) (2) shall be considered qualified toknan or around energized power lines
of a public utility and perform traffic signal rapand maintenance connected to utility
owned facilities. Appropriate IMSA certification ah be required by all personnel
involved in traffic signal maintenance and rep&lpon request of the City, Contractor
shall furnish proof that personnel performing ti@fignal repair and maintenance under
this Contract have completed the required training.
Work zone safety requirements such as traffic obrshall also be in place at all times
when the contractor is working with traffic signeduipment and appurtenances, and
shall meet the appropriageidelines in the latest version of MUTCD, as anezhd

1.26. Supervision
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The Contractor shall have and identify a compeRoject Manager to coordinate and
supervise all aspects of the work performed by aatdr's personnel or sub-contractors
and to interface with the City representativestfa term of the Contract. In addition,

adequate number of field supervisors shall be pexvito direct and monitor the number
of field crews performing the traffic signadpair activities.

1.27. Voice Communications
Two-way voice communication (radio or wireless pélene) shall be maintained at all
times between the Operations Facility and all serviehicles. Each service vehicle shall
have a fully operational communication unit durthg entire work shift.

Additionally, wireless communication between Cityaftic signal personnel and

Contractor’s dispatcher and supervisory staff sballprovided and maintained by the
Contractor. The wireless equipment shall be thpleenes with data services and six
phones with voice services. This equipment withagn the Contractor’s property and
will be returned at the completion of the Contriaein.

1.28. Vehicle Requirements

Service trucks shall be fully equipped to repapicgl traffic signal maintenance and to
handle all Class I, Class Il and Class Il issu&&hicles of the proper size and type
shall be provided to service traffic signal equipmeounted from 10 to 50 feet. Each
truck shall be cleaned and kept in good physicatimn at all times. The Contractor’s
name, telephone number and a vehicle identificatimmber shall be clearly printed on
each side of each truck. In addition to standa@I Dunning lights and revolving amber
beacons, service vehicles shall display a retdectve message TRAFFIC SIGNAL
MAINTENANCE on each side using minimum of 6" tallabk letters on silver
background.

Other Contractor vehicles used for system patnshections or supervisors shall also be
clearly identified with Contractor's name, telepbomumber and retro-reflective
message TRAFFIC SIGNAL MAINTENANCE on each sideaitegible size matched to
the vehicle type.

1.29. Maintenance and Protection of Traffic
All maintenance operations conducted on or neatrthweled way of a public street shall
be identified and protected by appropriate traffantrol and safety warning devices
suitable for urban work zones. Signs, barriersoihrer protective devices used shall
conform to the latestersion of MUTCD, as amendexhd companion publication “Short
Term Work Zone Traffic Control Guide”. The Contiacshall perform the repair or
maintenance work with minimum disruption to vehaultraffic. The closure or
detouring of traffic other than temporarily by uset flag persons is not anticipated.
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Contractor shall provide and utilize standard tecafffarning and protective devices at
each work site and in conformance with kst version of MUTCD, as amende@hen
temporary elimination of on-street parking is nesaeg to perform traffic signal repairs,
the Contractor may, subject to approval of the ésreand Traffic Division of Public
Works Department, post “Emergency No Parking” sigAsivance notice of the need for
parking restriction must be given the City minimai24 hours before signs are posted
so that appropriate legal regulations and notieeshe issued. Emergency No Parking
signs shall be posted a minimum of 18 hours befueeContractor plans to begin repair
work. No separate payment will be made for Tra@mntrol and cost shall be included
in unit prices for Routine and Special Maintenaiems.

1.30. Utility Locates
Before performing any excavation required for iaffignal repair the Contractor shall
give minimum of 48 hours advance notice to all omsna underground utility facilities
for purpose of having the facilities located and’ked. Such notice can be made, at no
cost to the Contractor, through the Missouri Onell GGystem 1-800-344-7483.
Requirements pertaining to excavator’s responsasliand obligations concerning utility
locates are found in Chapter 319 Revised Statdt®gssouri.

1.31. Property Damage Repairs
The Contractor shall be responsible for work-relaecidents and damages to public or
private property caused by its employees, agensulocontractors performing repair or
maintenance activities under this Contract. mdkent of damage, the Contractor shall
repair, to the satisfaction of the City, any damdgepublic or private property,
including, but not limited to: pavement, curbs, esidlks, utilities, private utility
connections, driveways, irrigation systems, andd$aaping on public or private
property, resulting from work associated with t@sntract. All property damage will be
reported to the City’s representatives. Claimsdamage to private property made
directly to the City will be forwarded to the Coattor for resolution. Repair of damage
to private property shall be completed prior toyGitceptance of completed work items
in this Contract. An amount equal to claim for @@ sustained to public or private
property may be withheld from payment to Contracioatil the City determines that the
claim has been satisfactorily resolved.

1.32. Inspection Criteria
City representatives will inspect traffic signapa& and maintenance work in progress,
including but not limited to excavation or pavemsggtoration tasks, and perform a final
inspection on traffic signal repairs identified“@asmplete” by the Contractor as per this
Attachment. Any authorized City representativelldiave the right, not the duty, to halt
the Contractor's work in progress if that work ieating any type of public safety
hazard, or is causing damage to public or privacpgrty. Work at the site shall not
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resume until corrective action is taken to elimentte public safety hazard or damages.

Time lost as result of halting unsafe work pradistall be considered an inexcusable

delay for purposes of evaluating compliance withniRaent Repair Time requirements

as defined in this Attachment.

1.32.1.Inspection may include checking the materials, mesasents, tolerances,
installation procedures or workmanship required tlms Attachment and the
referenced Standard Specifications for the Contildw City representative will use
measurement methods customary within the consbructndustry or proven
effective on traffic signal construction work.

1.33. Recovery of Damages by Third Parties
The Contractor shall be subrogated to the Citysré@st and rights of recovery in traffic
signals which the Contractor repairs and maintamder this Contract, as a result of any
actions by a third party such as knock downs, cabis, etc. The City agrees to provide
necessary information for enforcement of Contrastdirogation rights to the extent that
such information is uniquely available to the Cantor only from the City. The
contractor shall also be responsible for trackilhgh& information related to the third party
damageThe Contractor shall submit quarterly repastaining information related to the
third party damagand the amount of damage recovered.

1.34. Permits, Fees and Deposits

The Contractor shall be responsible for obtainitigrequired licenses and permits
required by the City Code of Ordinances. The Gumttr shall obtain permits for
Excavations in the public right-of-way or streetslaneet requirements set forth in City
Code of Ordinances Section 64-111 through 64-13ubject to confirmation and
approval of the City Council, the Department of RuliVorks will waive the collection
of the Excavation Permit Application fee for excthmas made for purposes of repairing
the traffic signals; however, applicable pavemeegrddation fees and restoration
deposits will not be waived.

Section 2: Routine Maintenance Services

2.1 Routine Maintenance Responsibilities

All component items of the traffic signals shall tepaired and maintained under the
category of Routine Maintenance, unless statedwtbe herein. This work shall consist
of emergency and permanent repairs to malfunctgoron damaged equipment and
general maintenance of the traffic signal equipmecitiding all deficiencies reported by
the City or a third party. Contractor is respotesiior all labor, equipment and materials,
as described herein, needed to repair and redteresytstem to satisfactory operating
condition as specified in this Contract.
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Routine Maintenance shall include but not be liohit® the Call Center Services,
damages by traffic accidents, third parties andthe¥apole straightening, cleaning, and
painting, dispatch, removal of graffiti, maintenanaf traffic signal ATMS equipment,
data entry and service reporting.

2.2 Call Center Services
This work shall consist of providing personnel aglipment necessary to operate a 7
day per week, 24 hour per day, and 365 days pengkghone Call Center to accept and
record service requests from the public regardirajfunctioning or damaged traffic
signals in the City of Kansas City, Missouri. T@entractor’s services shall include all
labor, supervision, computer and communication mgent necessary to provide the
services described herein.

2.3 Records System

The City will provide and administer controlled ass to the Contractor's computer to
connect to the City’s Network via VPN. Contractatl be able to sign into PeopleSoft
application to provide the new service request £agaich will then auto populate the
Cartegraph through an interface. The Contractostrsupply and maintain their own
dedicated computer equipment and communicationtbrthe Internet in order to utilize
the City software. The dedicated computer is megubecause while it is connected to
the City’'s network, it cannot be used for any otperpose unless the VPN login is
disconnected. The City will provide license to tise PeopleSoft application as well as
training to the Contractor’s supervisory staff @tering required Service Request data
directly into the PeopleSoft.

All software applications shall remain the propedfythe city and software shall be
returned upon written request or at the completibthis Contract. Inventory and other
records made assessable to the Contractor shikéfteconfidential by the Contractor
and shall be used only in the performance of sesvprescribed in this Contract and may
not be used for any other purpose except upon teucts as may agreed upon by the City
in writing.

2.4 Computer Requirements
Computer systems utilized by the Contractor's pemeb to record Service Request
information shall have the necessary RAM memory hadl disk space to install the
PeopleSoft application and associated communicatiahsecurity application software
required to communicate with the Cartegraph, Cigsset Management System.

2.5 Service Requests
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Contractor will be required to provide and operat4 hour Customer Service Call
Center to answer and record Service Requests matteelgeneral public and routed to
the Contractor’'s facility via a special telephongmiber. The Contractor will make

necessary arrangements and assume all chargdsef@pécial telephone service. The
Contractor’s personnel shall follow a pre-approyedcedure while speaking with the
public to collect accurate information needed tcate and to repair the malfunctioning
traffic signal. Voice mail recorded messaging dgrinertain time periods is not

acceptable as a substitute for the human atteretets.

Information obtained from the citizen caller shad#l entered directly into the PeopleSoft
application as it is received to create the SerRemuests which in turn will auto
populate the Cartegraph system and will create wadlers to be addressed according to
the traffic signal maintenance contract performamecgiirements.

2.6 Response and Repair Time Requirements
The contractor shall respond and resolve traffjoa issues as indicated in the following
table:

Type of Issue Incident Response Time Repair Time

Class | 1 hour 4 hours except for damage to fibbiec
Class Il 2 hours 6 hours

Class lll Same weekday 2 working days

Class IV n/a 10 working days

Class V n/a 20 working days

The incident response time is the amount of timefthe initial notification to the call
center until a repair technician physically arriagshe site. Repair time is the amount of
time from the initial notification to the call cemtuntil a repair is completed at the site, to
restore the full functionality of the traffic signequipment.

2.7 Trouble Reports

Notwithstanding requirement in this attachment tongptly respond and resolve issues
upon arrival at the site of a Work Order, any iragignal issue not capable of being field
serviced by the first responding repair crew shallrecorded with a Trouble Report.
Trouble Reports are intended for internal use by @ontractor's repair crews to
document any pending repair needs and to genevdteviup Work Order Activities.
Each Trouble Report shall be identified and linkedhe unique number of the Work
Order for records and billing verification purpose® Trouble Report shall contain
arrival time, location and, a description of temggrwork performed, time of completing
temporary work, materials used and description efiding repair tasks necessary to
restore full functionality of the traffic signal. 8k Order Activities shall be entered into
the City records system (Cartegraph) system witfoar hours of Contractor’s
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completion of the initial investigation and emerggmepair actions at a particular Work
Order site. The pending repairs shown on Trould@dRs are subject to in-progress
inspections and independent verification by Cigp@ectors.

2.8 Work Order Activities
Any traffic signal repair that is completed by timst responding repair crew or follow-
up work, originating from a Trouble Report, thasults in restoration of normal traffic
signal operation, shall be recorded on each Wortle©Activity related to its Work
Order. Work Order Activities are intended to doemmthat all repairs are complete for a
particular Work Order. Each Work Order Activityashbe identified and linked to the
unique number of the Work Order for records andfication purposes. A Work Order
shall contain arrival time, location, and a dedarip of repair work performed, time of
completion and materials used to restore full fiomatlity of the traffic signal. Completed
Work Orders Activities shall be entered into thetyGi Cartegraph system by the
Contractor within eight hours of completion or rager than 9:00 AM the following
workday. Closed Work Orders are subject to inddpatverification by City inspection.

2.9 Repair and Maintenance Performance Requirements

Section 2.6 contains the incident response andirr¢ipae requirements for specific
traffic signal issues. Failure to meet these respaimes or to complete permanent
repairs shall result in the application of liquielhtdamages. Imposition of the liquidated
damage fees will be based upon data recorded iAsset Management (Cartegraph)
system, by the contractor, on Work Orders as resieand verified independently by the
City. Such liquidated damage amounts shall be ctedurom the monthly maintenance
fee invoiced by the Contractor to the City.

2.10 Incident Response Performance

Liguidated damages will be assessed for failingheet the Response Time(s) prescribed

for the type of issue/repair initially transmitteéd the Contractor through the City’'s

Cartegraph system or to the call center. In thentwa particular Work Order includes

notification of multiple items for repair, each widiffering Response Time requirements,

the Contractor shall be liable only for meeting theponse criteria for the most serious

item. The fact that the Contractor’'s actual irigggion at the Work Order site discloses

less serious or more serious items for repair duoasalter the Incident Response

requirement imposed by the City’s original notifica.

The amount of liquidated damages assessed fondait meet the Incident Response

Times prescribed fdBignal Maintenance Priority Scheduseas follows:

2.10.1.Class | Issues: $75.00 for each hour beyond thehooe response time set forth
in Section 2.6 that the Contractor fails to respand begin actions to resolve the
issue.
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2.10.2.Class Il Issues: $50.00 for each hour beyond tleehmur response time set forth
in Section 2.6 that the Contractor fails to respand begin actions to resolve the
issue.

2.10.3.Class lll Issues: $25.00 for each hour beyond tietwur response time set forth
in Section 2.6 that the Contractor fails to respand begin actions to resolve the
issue.

Performance will be monitored by the City and Wil used to evaluate the Contractor’s
overall annual performance.

2.11 Repair Performance

Liquidated damages will be assessed for failingnaet the Repair time requirements for
the most serious item discovered by the Contraxtovestigation of a particular Work

Order and identified on a Trouble Report. Suchairepeeds, whether reported on the
original Work Order or discovered by the Contracthe time of initial response, shall
be addressed promptly and continuously until fudlyolved. The Repair criteria set forth
in Section 2.6 and associated with the requiredirgpsk shall apply.

The amount of liquidated damages assessed fomdailo meet the Repair times
prescribed for any Work Order is Hundred dollars0@&00) for each day or part thereof
the permanent repairs remains incomplete. Perfoceavill be monitored by the City

and will be used to evaluate the Contractor’s drarmual performance.
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SECTION G. DISPATCH

PART |- PROGRAM DESCRIPTION

The City of Kansas City’s Traffic Operation Displaittg is responsible for dispatching, tracking
and coordinating Traffic Operation’s, Signs, Markiand Signal crews through their daily
operations, along with emergency after hour’s oj@na. They take and forward phone calls for
the facility, public and other department request the City’s 311 service request for the Traffic
Operation Center. They are also the centers firetdontact for visitors.

The purpose of this section of the manual is tolimatprocedures of Traffic Operation

Dispatching for the City of Kansas City, Missouri.

Request for Service
Requests come to the dispatching center from skeaeras.

Citizens

Kansas City’s 311 Center

Police/Fire Departments

ATA

Kansas City Power and Light
Contractor

Field Crews

Street and Traffic Engineering Section
Other Departments and Cities

Incoming Calls

Incoming calls come from our phone system and othepartment/sections that have
changed to our radio frequency. All incoming catighe dispatching center are handled by
the dispatcher or forwarded to the proper sectionindividual. Emergency calls are

dispatched to crews and all other calls are givenrespective sections according to
established guidelines.

Call Distribution

Calls are divided into four groups: Traffic Signagns, Marking and calls concerning other
localities or utilities.

Emergency calls involving Traffic Signals, Signsdailarking are split into two group’s
emergency and maintenance. All other calls are doiled to their appropriate localities or
utility company.
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Traffic Signals emergency calls such as signalkstikinking, flashing, fast cycling, multiple
indications and all outs along with emergency lesare dispatched to technicians without
delay. All other calls are turned over to the appiate supervisor.

Signs emergency calls such as missing or damaged/Aaty, Stop, Yield, Do Not Enter and
any damaged standard that is a hazard to the pal#diaispatched to the crews without
delay. All other calls are noted in a service refjuend turned over to the appropriate
supervisor.

Marking emergency calls such as road closure lzteéaeeded or damaged are dispatched
to the supervisor without delay. All other calle aoted in a service request and turned over
to the appropriate supervisor.

All calls are logged into trouble logs for eachtsmstand updated as necessary.

Coordination of Services

Dispatching Section coordinates request for mdfet@ations, additional crews and
equipment between Signals, Signs and Marking Sextio

The Dispatching Section plays a vital role in caoation of services between Traffic
Operation personnel and other departments, sectongractors, police and fire operations.
Some examples:

Upon notification from Street Preservation, dursgasonal overlay program, dispatchers
coordinate with signal crews on intersections tinaty need to be placed on recall during
overlay operations.

Missouri’s One Call and contractors needing caldeated, marked or remarked.

Police requesting Stop signs for signal outageguest for barricades to close roadways
during high water, for operation 100’s and othereggencies that may place the public in
danger.

Fire for barricades to control traffic during firagd situations that they feel may place the
public in danger.

Permit Section, Police and Public with issuancélotk party equipment and maintaining
said records.

Dispatching Procedures (Normal Operating Hours/Days

Dispatching normal operating hours are 7:30 am:®® %»m, Monday through Friday. The
shift begins with 10-41 on the radio to notifyingews that our dispatching operations have
started for the day.

Radio is monitored and logs are kept of all Traffiperation Crews’ locations, arrival and
departure times. Dispatchers respond to crews’ esiqior assistance, material, location
updates, etc...

Emergency calls are given to assigned/availablere

Trouble logs are updated to reflect crew assignraedtcompletion times.
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Dispatching Procedures (After Hours)

After regular operating hours and on weekends thpatchers handle all operations. They
are required to know what signals and signs belonthe City of Kansas City and what
locality, contractor or utility is responsible feignals and signs within our jurisdiction.

They keep call and dispatch logs and update ootdist for crew assignments.

Monitor radio transmissions for securing more persb, material or equipment for assigned
crews. Contact Police for traffic control and/oilities if it is determined to be a power
outage.

311 Services

Dispatchers monitor 311 system for request for &gyrSigns and Marking Sections. Once a
request is generated they are classified as edheemergency or general request. All

emergencies are given directly to the appropried& @and the general requests are given to
the assigned section. Once the request is completeclosed report is issued by the

dispatcher to the City Manager’'s 311 Center.

Other Duties

The Dispatchers are the first contact for manyteisito our building; they receive vendors,
sales reps and other visitors. They also maintathcaordinate ordering of building supplies
for Traffic operations.
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SECTION H. KCMO TRAFFIC SIGNAL TIMING

PART | - INTRODUCTION

This is intended as an overview of guidelines aratgdures for the process of traffic signal
timing and operation in the City of Kansas City,sBburi. This should be used together with
other documents including the consideration of kf@ual on Uniform Traffic Control
Devices, MUTCD for the planning, design and operatdf the traffic signal. This will be
used as a basis for Engineering judgement, nobstisute for it.

33.22.0 BASIC SIGNAL TIMING PROCEDURE AND CONTROLLE R
PARAMETERS

This chapter documents the principles of basiditrafgnal timing at an intersection. Signal
timing is a collection of parameters and logic desd to allocate the right-of-way at a
signalized intersection. A major focus of this despis to describe basic signal timing
parameters necessary to operate an intersectioguadelines for selecting values for those
parameters. The principles described in this cliagte generally applicable to all signalized
intersections. To maximize the usefulness and feaasility of the information provided, the

chapter uses the terminology defined in currenfficrasignal control standards, such as
National Transportation Communications for ITS Bool (NTCIP) Document 1202 (1) and

National Electrical Manufacturers Association (NEMA&tandards Publication TS 2-2003
(2), with alternative definitions in some cases.

33.22.1 TERMINOLOGY AND KEY DEFINITIONS

This section identifies and describes basic terfogyused within this chapter. Additional
terms can be found in the Glossary section of taadal.

Actuated Signal Control
A type of signal control where time for each phissat least partially controlled by detector
actuations.

Call
An indication within a controller that a vehicle pedestrian is awaiting service from a
particular phase or that a recall has been planddephase.

Extend

A detector parameter that increases the duratiom @étector actuation by a defined fixed
amount.
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Gap Out
A type of actuated operation for a given phase wliee phase terminates due to a lack of
vehicle calls within a specific period of time (page time).

Interval

The duration of time during which the indications ot change their state (active or off).
Typically, one or more timing parameters contra tturation of an interval. The pedestrian
clearance interval is determined by the pedestiliearance time. The green interval duration
is controlled by a number of parameters includingimum time, maximum time, gap time,
etc.

Isolated intersection
An intersection located outside the influence ofl ot coordinated with other signalized
intersections, commonly one mile or more from otfignalized intersections.

Minimum Gap
A volume density parameter that specifies the mimmgreen extension when gap reduction
is used.

Minimum Green
A parameter that defines the shortest allowablatthnr of the green interval.

Minimum Recall
A parameter which results in a phase being caltetitemed for at least its minimum green
time whether or not a vehicle is present.

Movement

Movements reflect the user perspective. Movemeatsalso be broken down into classes
(car, pedestrians, buses, LRT, etc.). Typical mam@m are left, through and right.
Movement is an activity in response to a “go” (gréall, green arrow, walk, white vertical
transit bar) indication.

Max Out
A type of actuated operation for a given phase wliee phase terminates due to reaching the
designated maximum green time for the phase.

Passage Time (Vehicle Interval, Gap, Passage GamiUExtension)

A parameter that specifies the maximum allowabl&tion of time between vehicle calls on
a phase before the phase is terminated.
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Pedestrian Clearance Interval

Also generally known as “Flashing Don’'t Walk” (FDWAnN indication warning pedestrians
that the walk indication has ended and the donlkwadication will begin at the end of the
pedestrian clearance interval. Some agencies canti@ pedestrian clearance interval to
consist of both the FDW time and the yellow chaimgerval.

Phase
A timing unit associated with the control of onemore indications. A phase may be timed
considering complex criteria for determination efjsence and the duration of intervals.

Pre-timed control
A signal control in which the cycle length, phadanp and phase times are predetermined
and fixed.

Queue

A line of vehicles, bicycles, or persons waitingoserved by a phase in which the flow rate
from the front of the queue determines the avesgged within the queue. Slowly moving
vehicles or people joining the rear of the quewewmually considered part of the queue. The
internal queue dynamics can involve starts andsstépfaster-moving line of vehicles is
often referred to as a moving queue or a platoon.

Recall

A call is placed for a specified phase each tingecthntroller is servicing a conflicting phase.
This will ensure that the specified phase willdeeviced again. Types of recall include soft,
minimum, maximum, and pedestrian.

Semi-Actuated Control
A type of signal control where detection is prowder the minor movements only.

Volume-Density

A phase timing technique that uses a series ofmpetexs (variable initial, minimum gap,
time before reduction, time to reduce) to providteraative, variable settings for the
otherwise fixed parameters of minimum green andgges time.

33.22.2 MODES OF TRAFFIC SIGNAL OPERATION AND THEIR USE

Traffic signals operate in either pre-timed or atéd mode or some combination of the two.
Pre-timed control consists of a series of interviadg are fixed in duration. Collectively, the
preset green, yellow, and red intervals result idegerministic sequence and fixed cycle
length for the intersection. In contrast to prendd control, actuated control consists of
intervals that are called and extended in resptmsehicle detectors. Detection is used to
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provide information about traffic demand to the tcolker. The duration of each phase is
determined by detector input and correspondingrotiet parameters. Actuated control can
be characterized as fully-actuated or semi-actyatepending on the number of traffic
movements that are detected. Table 5-1 summatieegédneral attributes of each mode of
operation to aid in the determination of the mqxgirapriate type of traffic signal control for
an intersection. The attributes of the various nsoaé operation are discussed in additional
detail in the following subsections.

Table 33.22-1. Relationship between intersection op  eration and control type

% &
#$
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33.22.2.1 Pre-timed Control

Pre-timed control is ideally suited to closely sgdintersections where traffic volumes and
patterns are consistent on a daily or day-of-wesdidh Such conditions are often found in
downtown areas. They are also better suited tosettions where three or fewer phases are
needed (3). Pre-timed control has several advasit&ge example, it can be used to provide
efficient coordination with adjacent pre-timed sa{g) since both the start and end of green are
predictable. Also, it does not require detectdrastmaking its operation immune to problems
associated with detector failure. Finally, it regsia minimum amount of training to set up and
maintain. On the other hand, pre-timed control camompensate for unplanned fluctuations in
traffic flows, and it tends to be inefficient ablated intersections were traffic arrivals are
random.

Modern traffic signal controllers do not explicisypport signal timing for pre-timed operation,
because they are designed for actuated operatewerieless, pre-timed operations can be
achieved by specifying a maximum green settingithatual to the desired pre-timed green
interval and invoking the maximum vehicle recaltgraeter described below.

33.22.2.2 Semi-Actuated Control

Semi-actuated control uses detection only for theommovements at an intersection. The
phases associated with the major-road through mertrare operated as "non-actuated.” That
is, these phases are not provided detection infioman this type of operation, the controller

is programmed to dwell in the non-actuated phase thereby, sustain a green indication for
the highest flow movements (normally the majoredttarough movement). Minor movement
phases are serviced after a call for their sefgiceceived.

Semi-actuated control is most suitable for appliceat intersections that are part of a
coordinated arterial street system. Coordinatedeadetl operation is discussed in more detail in
Chapter 6. Semi-actuated control may also be daifabisolated intersections with a low-
speed major road and lighter crossroad volume.

Semi-actuated control has several advantagedintsgy advantage is that it can be used
effectively in a coordinated signal system. Alssative to pre-timed control, it reduces the
delay incurred by the major- road through movem@rgs the movements associated with the
non-actuated phases) during periods of light raffinally, it does not require detectors for the
major-road through movement phases and hencegyetstion is not compromised by the
failure of these detectors.

The major disadvantage of semi-actuated operagitimait continuous demand on the phases
associated with one or more minor movements casecaxcessive delay to the major road
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through movements if the maximum green and padsageparameters are not appropriately
set. Another drawback is that detectors must bed aeghe minor approaches, thus requiring
installation and ongoing maintenance. Semi-actuapedation also requires more training than
that needed for pre-timed control.

33.22.2.3 Fully-Actuated Control

Fully-actuated control refers to intersectionsvidrich all phases are actuated and hence, it
requires detection for all traffic movements. Fdlgtuated control is ideally suited to isolated
intersections where the traffic demands and patteany widely during the course of the day.
Most modern controllers in coordinated signal systean be programmed to operate in a
fully-actuated mode during low-volume periods whigre system is operating in a "free" (or
non-coordinated) mode. Fully-actuated control dan anprove performance at intersections
with lower volumes that are located at the bounddug coordinated system and do not impact
progression of the system (). 4Fully-actuated adiitas also been used at the intersection of
two arterials to optimize green time allocatiorainritical intersection control method.

There are several advantages of fully-actuatedrabiiirst, it reduces delay relative to pre-
timed control by being highly responsive to traffiemand and to changes in traffic pattern. In
addition, detection information allows the cycledi to be efficiently allocated on a cycle-by-
cycle basis. Finally, it allows phases to be skipfpe¢here is no call for service, thereby
allowing the controller to reallocate the unusedetito a subsequent phase.

The major disadvantage of fully-actuated contrahat its cost (initial and maintenance) is
higher than that of other control types due toahmwunt of detection required. It may also
result in higher percentage of vehicles stoppingabee green time is not held for upstream
platoons.

33.22.3 PHASE INTERVALS AND BASIC PARAMETERS

An interval is defined in the NTCIP 1202 standasda period of time during which signal
indications do not change.” Various parametersrobttie length of an interval depending on
the interval type. For example, a pedestrian watkrial (the time period during which the
Walking Person signal indication is displayed) enerally controlled by the single user-defined
setting for the walk parameter. The vehicular grieégrval, on the other hand, is generally
controlled by multiple parameters, including minimgreen, maximum green, and passage
time. This section describes guidelines for sethiagic parameters that determine the duration
of each interval associated with a signal phases@&lintervals include:

Vehicular Green Interval

Vehicle Change and Clearance Intervals

Pedestrian Intervals
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Parameters related to these intervals and discus$k® section include minimum green,
maximum green, yellow-change, red clearance, peaesvalk, and pedestrian flashing don’t
walk (FDW). Figure 33.22-1 depicts the relationshgtween these parameters and the user
group associated with each interval that may tioméng a phase. These intervals time
concurrently during a phase. Although shown hegaas preemption and priority are
addressed in Chapter 9. Additional timing paransetelated to actuated control (e.g., passage
time) may also influence the duration of an intéewad are discussed in Section 33.22.4.

Figure 33.22-1 Users and the actuated signal timingarameters that determine phase
length

33.22.3.1 Vehicular Green Interval

The vehicular green interval is the time dedicatedserving vehicular traffic with a green
indication. This interval is defined primarily blgd minimum and maximum green parameters in
the case of an isolated intersection. At an actuattroller, other parameters (e.g., passage
time) also determine the length of this intervaho3$e parameters are discussed in Section
33.22.4. It is also possible that the durationhaf vehicle green interval may be defined by the
length of the associated pedestrian intervals.
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Minimum Green

The minimum green parameter represents the leastr@nof time that a green signal
indication will be displayed for a movement. Minimwgreen is used to allow drivers to
react to the start of the green interval and megedexpectancy. Its duration may also
be based on considerations of queue length or pedegiming in the absence of
pedestrian call buttons and/or indications. A mimimgreen that is too long may result in
wasted time at the intersection; one that is taotsinay violate driver expectation or (in
some cases) pedestrian safety. The minimum grdervah is shown in Figure 33.22-2,
as it relates to other intervals and signal conperlameters. Calls placed on the active
phase during the minimum green have no bearindn@mtiration of the green interval as
the interval will time at least as long as the mmnm green timer.

Lin (5) conducted extensive simulation analysigulify-actuated controlled intersections
to determine the effect of minimum green intenaisdelay. Through these simulations,
he found that delay was minimal when the minimuraegr interval was less than 4
seconds. Delay for the intersection under the saenatudied tended to increase slightly
as the minimum green interval increased from 4 se®nds.

Figure 33.22-2 Settings that define the duration od vehicle phase
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The intent of the minimum green interval is to eedihat each green interval is displayed
for a length of time that will satisfy driver expgaocy. When stop-line detection is not
provided, variable initial, as described in Setti83.22.4, should be used to allow
vehicles queued between the stop line and the stedetector at the start of green to
clear the intersection. In cases where separatespréah signal displays are not provided,
the minimum green interval will also need to beg@mough to accommodate pedestrians
who desire to cross in a direction parallel to ttegfic movement receiving the green
indication. These considerations and the conditianghich each applies are shown in
Table 33.22-2.

Table 33.22-2 Factors considered when setting theimimum green interval

. . | Considered in Establishing Minimum Green? |
Phase Stop I__|ne Pedestrian i - -
Detection? Button? river Pedestrian Crossing Queue
Expectancy Time Clearance

v | Yes I Yes || No I No |
I e | No ™ Yes || Yes I~ No |
rous N | Yes || Yes || No || Yes, if actuated |
° | No I Yes [ Yes || Yes, if actuated |

'Il_'ﬁitn Yes Not applicable Yes Not applicable No

To illustrate the use of Table 33.22-2, consideth@ugh movement with stop-line

detection and a pedestrian push button. As indicatethe table, the minimum green

interval should be based solely on driver expegtaHowever, if a pedestrian call button
is not provided (and pedestrians are expecteddssdahe road at this intersection), the
minimum green interval should be based on drivgreetancy and pedestrian crossing
time.

Minimum Green to Satisfy Driver Expectancy

The duration of minimum green needed to satisfyedriexpectancy varies among
practitioners. Some practitioners rationalize teechfor 15 seconds or more of minimum
green at some intersections; other practitionegsasdlittle as 2 seconds minimum green.
If a minimum green parameter is set too low andat@s driver expectancy, there is a
risk of increased rear-end crashes. The valuedlist Table 33.22-3 are typical for the

specified combination of phase and facility type
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Table 33.22-3 Typical minimum green interval duraton needed to satisfy driver
expectancy

Minimum Green for Pedestrian Crossing Time

The minimum green duration must satisfy pedesttiassing needs for through phases
that are not associated with a pedestrian pustorbditit have a pedestrian demand.
Under these conditions, the minimum green needeshtisfy pedestrian considerations
can be computed using Equation 33.22-1.

Methodology for computing walk and pedestrian ceae interval durations are

provided in Section 33.22.3.3.

Equation 33.22-1

Minimum Green for Queue Clearance

The duration of minimum green can also be influend®y detector location and
controller operation. This subsection addressesstiuation where a phase has one or
more advance detectors and no stop-line detedfitims detection design is present, and
the added initial parameter (as discussed latetisised, then a minimum green interval
is needed to clear the vehicles queued betweesttigeline and the advance detector.
The duration of this interval is specified in TaBlg22-4.
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Table 33.22-4 Typical minimum green interval duraton needed to satisfy queue

clearance
Distance Between Stop Line and Nearest Minimum Green Needezd to Satisfy Queue
Upstream Detector, ft Clearancel: 2(Gq), s
0to 25 5
26 to 50 7
51to 75 9
76 to 100 11
101 to 125 13
126 to 150 15

Notes:

1. Minimum green values listed apply only to phases kiave one or more advance detectors, no
stop line detection, and the added initial paranistaot used.

2. Minimum green needed to satisfy queue clearances &6 2n (in seconds), where n = number of
vehicles between stop line and nearest upstreaeetdein one lane. And, n = Dd / 25, where Dd =
distance between the stop line and the downstrelgm ef the nearest upstream detector (in feetpang
is the average length (in feet), which could vayyabea.

If a phase has one or more advance detectorsppdisé detection, and the added initial
parameter is used, then the minimum initial intestaould equal the minimum green
needed to satisfy driver expectancy. Timing of mmmn greens using the added initial
parameter is discussed in Section 33.22.4.

Maximum Green

The maximum green parameter represents the maxiamaount of time that a green
signal indication can be displayed in the preseoiceonflicting demand. Maximum
green is used to limit the delay to any other mosetinat the intersection and to keep the
cycle length to a maximum amount. It also guardsirey long green times due to
continuous demand or broken detectors. Ideallymbgimum green will not be reached
because the detection system will find a gap totBecgphase, but if there are continuous
calls for service and a call on one or more cotific phases, the maximum green
parameter will eventually terminate the phase. Aimam green that is too long may
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result in wasted time at the intersection. If idue is too short, then the phase capacity
may be inadequate for the traffic demand, and seeghécles will remain unserved at the
end of the green interval.

Most modern controllers provide two or more maximgreen parameters that can be
invoked by a time-of- day plan or external inpué.(i Maximum Green 2). As shown in
Figure 33.22-2, the maximum green extension tinegirs timing upon the presence of a
conflicting call. If there is demand on the phdsat is currently timing and no conflicting
calls, the maximum green timer will be reset uatilopposing call occurs.

It should be noted that the normal failure moda dfetector is to place a continuous call
for service. In this case, a failed detector orhase will cause that phase’s maximum
green to time every cycle.

Many modern controllers also provide a feature #ilamws the maximum green time to

be increased to a defined threshold after maxing soyphase a certain number of
consecutive times (or alternatively to select ambwg or three maximum green values).
The maximum green time may then be automaticaklyedesed back to the original value
after the phase has gapped out a certain numbeémes$. The exact methods and user
settable parameters for this feature vary by mantufar.

The maximum green value should exceed the greatidnmeeded to serve the average
gueue and, thereby, allow the phase to accommanyate-to-cycle peaks in demand.
Frequent phase termination by gap out (as oppasetak out) during low-to-moderate
volumes and by occasional max out during peak @erie commonly used as an
indication of a properly timed maximum green dwmatiExample values are listed in
Table 33.22-5.
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Table 33.22-5 Example values for maximum green duti@n

| Phase || Facility Type || Maximum Green, s |
| Major Arterial (speed limit exceeds 40 mph) || 50to0 70 |
| Major Arterial (speed limit is 40 mph or less) ( 40 to 60 |
Through _ .
| Minor Arterial [ 30 to 50 |
| Collector, Local, Driveway I 20 to 40 |
Left Turn I Any || 1510 30 |
Note:
1. Range is based on the assumption that advance detection is provided for indecision zone
protection. If this type of detection is not provided, then the typical maximum green range is 40 to
60 s.

Two methods are commonly used to establish the maxi green setting. Both estimate
the green duration needed for average volume donditand inflate this value to
accommodate cycle-to-cycle peaks. Both of theséoistassume that advance detection
for indecision zone protection is not provided.allvance detection is provided for
indecision zone protection, the maximum greenrsgibbtained from either method may

need to be increased slightly to allow the congralb find a “safe” time to terminate the
phase by gap out.

One method used by some agencies is to estabksmaiximum green setting based on
an 85th to 95th percentile probability of queuead®ce (6). The procedure requires
knowledge of the cycle length, or an estimate ®Bierage value for actuated operation.

If the cycle length is known, then the maximum greetting for a signal phase can be
obtained from Table 33.22-6.
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Table 33.22-6 Maximum green duration as a functionf cycle length andvolume

Cycle Length, s
$ %& " 50| 60 | 70 | 80 | 90 | 100 | 110 | 120
Maximum Green (G )% S
100 15| 15 15 15 15 15 15 15
200 15| 15 15 15 15 18 19 | 21
300 15|16 | 19 | 21 | 24 | 26 | 29 | 31
400 18| 21 | 24 | 28 | 31 | 34 | 38 | 41
500 22| 26 | 30 | 34 | 39 | 43 | 47 | 51
600 26 | 31 | 36 | 41 | 46 | 51 | 56 | 61
700 30| 36 | 42 | 48 | 54 | 59 | 65 | 71
800 34| 41 | 48 | 54 | 61 | 68 | 74 | 81

The values listed are based on the equation shown in the table footnote. Due to the approximate
nature of this equation, the actual percentage probability of queue clearance varies between the
85th and 95th percentiles for the values listed.

A second method for establishing the maximum green setting is based on the equivalent optimal
pre-timed timing plan (7). This method requires the development of a pre-timed signal timing plan
based on delay minimization. The minimum-delay green interval durations are multiplied by a
factor ranging from 1.25 to

1.50 to obtain an estimate of the maximum green setting (8).

The maximum green time used for a particular phase is calculated differently for low and high
levels of saturation. During periods of low volume, when the green phase times rarely reach their
maximum values, the maximum green time can be set fairly high (up to 1.7 times the calculated
average time for the phase). This accommodates most fluctuations in vehicle arrival rates. During
conditions at or near saturation, it is important to set the maximum green times as if they were
fixed time, equitably allocating the green based on the critical lane volumes.

To this end, application of the maximum green times show significant disparity in the techniques
reported for determination of maximum phase time, which ultimately may result in a wide variation
of cycle lengths at intersections. In many cases, maximum green times are set at one value
throughout the day and don't reflect the needs of the intersection during various times of day. In
some cases, these maximum green time values result in cycle lengths that are too long for
efficient operations.
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33.22.3.2 Vehicular Change and Clearance Intervals

The intent of the vehicle phase change and clearamtervals is to provide a safe transition
between two conflicting phases. It consists of Boye change interval and, optionally, a red
clearance interval. The intent of the yellow changerval is to warn drivers of the impending
change in right-of-way assignment. The red cleaanterval is used when there is some benefit
to providing additional time before conflicting mawments receive a green indication.

Yellow Change

The duration of the yellow change interval is tyhig based upon driver perception-
reaction time, plus the distance needed to safely sr to travel safely through the
intersection.

A state’s Uniform Vehicle Code directly affects lpgé change interval timing, as it
determines whether a permissive or restrictiveoyelaw is in place.

Permissive Yellow Law: A driver can enter the istmtion during the entire yellow
interval and be in the intersection during the iretication as long as the vehicle entered
the intersection during the yellow interval. Undeermissive yellow law, an all-red
clearance interval must exist as a timing parantetensure safe right-of-way transfer at
an intersection.

Restrictive Yellow Law: There are two variations tbfs law (10). In one variation, a
vehicle may not enter an intersection when thecatthn is yellow unless the vehicle can
clear the intersection by the end of yellow. Thiglies that the yellow duration should
be sufficiently long as to allow drivers the timeeded to clear the intersection if they
determine that it is not possible to safely stopthle other variation, a vehicle may not
enter an intersection unless it is impossible @afmto stop. With restrictive yellow law,
the presence of an all-red interval is optional gndd engineering judgment should be
applied.

Due to the varying interpretations of the yellowanfe use, it is encouraged that traffic
engineers refer to the local and regional statieguidance in determining the purpose of
the yellow change time.

Red Clearance

The red clearance interval, referred to in someligations as an all-red interval, is an

interval at the end of the yellow change intervatig which the phase has a red-signal
display before the display of green for the foliogvphase. The purpose of this interval is
to allow time for vehicles that entered the intet®as during the yellow-change interval to

clear the intersection prior to the next phaseeNbat the use of the “all-red” nomenclature
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is generally incorrect, as the red clearance ialeonly applies to a single phase, not to all
phases.

The use of a red clearance interval is optionad, there is no consensus on its application
or duration. Recent research has indicated thati$eeof a red clearance interval showed
some benefit to the reduction of red-light-runninglations. In these studies, there was a
significant reduction in right-angle crashes afi@plementing a red clearance interval.
Other research suggests that this reduction maylmtemporary. A comprehensive study
of long-term effects for the Minnesota DepartmeihT@nsportation ()11, indicated short-
term reductions in crash rates were achieved (appedely one year after the
implementation), but long-term reductions were olmterved, which implies that there may
not be safety benefits associated with increasg@dlearance intervals.

A disadvantage of using the red clearance intaeséthat there is a reduction in available
green time for other phases. At intersections wtibe timing for minor movements is
restricted (e.g., to split times under coordinabperation (see Chapter 6)), the extra time
for a red clearance interval comes from the remagimihases at the intersection. In cases
where major movements are already at or near s$atoyathe reduction in capacity
associated with providing red clearance intervaisshfety reasons should be accounted for
in an operational analysis.

The MUTCD provides guidance on the application dadation of the yellow change and
red clearance intervals. It recommends that thervat durations shall be predetermined
based on individual intersection conditions, suslapproach speed and intersection width.
The MUTCD advises that the yellow change intervabudd last approximately 3 to 6
seconds, with the longer intervals being used ghdrispeed approaches. It also advises
that the red clearance interval should not exceedc®nds. A recent survey conducted by
The Urban Transportation Monitor indicated thatcpiteoners who used a standard red
clearance interval used a range from 0.5 to 2.0rs¥sc

Kell and Fullerton (12) offer the following equatidor computing the phase change period
(yellow change plus red clearance intervals):
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Equation 33.22-2

Equation 33.22-2 is based on driver reaction tiapgroach speed, approach grade, and
intersection width and consists of two terms. Tingt term (yellow change) represents
the time required for a vehicle to travel one ssifiepping distance, including driver
perception-reaction time. This permits a driveretther stop at the intersection if the
distance to the intersection is greater than ofee Stapping distance or safely enter the
intersection (and clear the intersection underdsgrictive yellow law) if the distance to
the intersection is less than one safe stoppingmtie. The second term (red clearance)
represents the time needed for a vehicle to travéne intersection (W + Lv]/v).
Although values will vary by driver population atatal conditions, the values of t = 1.0
s, a = 10 ft/s2, and Lv = 20 ft are often cited @ize in Equation 33.22-3 (,,131415).
These values of perception-reaction time and destéd@ rate are different from those
cited in highway geometric design policy documdmsause they are based on driver
response to the yellow indication, which is an expé condition. They are not based on
the longer reaction time necessary for an unexgdoctesurprise) condition.

When applying Equation 33.22-2 to through movemphéses, the speed used is
generally either the 85th- percentile speed opthsted regulatory speed limit, depending
on agency policy (16). When applying Equation S2dft-turn movement phases, the
speed used should reflect that of the driversititanhd to turn. This speed can equal that
of the adjacent through movement but it can alseltweer as left-turn drivers inherently
slow to a comfortable turning speed. Regardlessthe left-turn phase terminates
concurrently with the adjacent through phase, it héve the same total change and
clearance interval durations as the through phasause the phases are interlocked by
the ring-barrier operation.

The width of the intersection is often defined bgdl policy or state law. For instance, in
Arizona intersection width is defined by state lasvthe distance between prolongations
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of the curb lines. Where intersection width is defined by local policies, engineering
judgment should be used when measuring the widtheointersection, W. One approach
is to measure from the near-side stop line to @nedlge of the last conflicting traffic lane
along the subject movement travel path. If crosksvare present at the intersection,
some agencies have policies to measure from thresidastop line to the far side of the
pedestrian crosswalk on the far side of the intdize (for through-movement phases) or
to the far side of the pedestrian crosswalk adtosseg of the intersection which the left-
turn is entering. This is a jurisdiction-wide isghat must be carefully applied.

Table 33.22-7 Duration of change period intervals

Width of Intersection, ft
Approach ttVizar
Speed, mph (;l(—I(EeanljéV?/) 30 50 70 90 110
“(W+Lv)V" Term, s (ALL-RED)
25 3.0a 14 1.9 2.5 3.0 35
30 3.2 1.1 1.6 2.0 2.5 3.0
35 3.6 1.0 1.4 1.8 2.1 25
40 3.9 0.9 1.2 15 1.9 2.2
45 4.3 0.8 1.1 1.4 1.7 2.0
50 4.7 0.7 1.0 1.2 15 1.8
55 5.0 0.6 0.9 1.1 1.4 1.6
60 5.4 0.6 0.8 1.0 1.2 15
a The 2003 MUTCD recommends a minimum duration of 3 seconds for the yellow change interval

The values for the yellow change interval in TaB®&22-7 are based on negligible
approach grade. They should be increased by O0.tndefor every 1 percent of
downgrade. Similarly, they should be decreased .hysecond for every 1 percent of
upgrade. To illustrate, consider an approach witBOamph approach speed, 70-foot
intersection width, and 4-percent downgrade. Thienased change period is 5.6 seconds
(=3.2+ (0.1 x4 +2.0)).

States that follow the “restrictive yellow” rule snaquate the yellow change interval to
the value obtained from Equation 5-2 (i.e., the safnboth terms). If a red-clearance
interval is needed, its value may be set at

0.5 to 2 seconds, as determined by engineeringnedy
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States that follow the “permissive yellow” rule wtlypically set the yellow change

interval equal to the value obtained from the fiestn of Equation 5-2 (i.e., column 2 of
Table 5-7), but not less than 3.0 seconds. Thiataur will allow drivers that do not have

the necessary distance to stop the time neededath rthe intersection before the red
indication is presented. If a red clearance inteivaeeded, its value is typically based
on the second term of Equation 5-2 (i.e., columnthrdugh 7 of Table 5-7). Some

agencies reduce the value of the second term bysdcdnd in recognition of the

perception-reaction time of drivers in the nextflioting phase to be served (17).

33.22.3.3 Pedestrian Timing Intervals

The pedestrian phase consists of three intervaik; wedestrian clearance, commonly referred
to as flashing don’t walk (FDW); and solid don’t aThe walk interval typically begins at the
start of the green interval and is used to allowegsérians to react to the change to walk at the
start of the phase and move into the crosswalks Titerval corresponds to the WALKING
PERSON indication on the pedestrian signal (18 padestrian clearance interval follows the
walk interval and informs pedestrians the phasenging. During this interval, the UPRAISED
HAND indication flashes on the pedestrian signdie Tsolid don’t walk interval follows the
pedestrian clearance interval and is indicated spladl UPRAISED HAND indication. This
interval is an indication to the pedestrian thagytlshould have cleared the crosswalk and
opposing vehicle movements could begin. The sotid’tdwalk time is not a programmable
parameter in the controller. The duration of thidsdon’t walk interval is simply the length of
the cycle minus the walk and pedestrian clearamegvals.

Although the illustration in Figure 33.22-2 doeg mxlude a pedestrian phase activation, it does
show that the pedestrian timers (walk and FDW) woatilne concurrently with the vehicle
intervals if there was a pedestrian activation.tia case of Figure 33.22-2, the pedestrian
intervals are shown as requiring less time thaowadt by the maximum green timer. In this
case, if there was continuing vehicle demand, #gdeptrian indication would show a solid don't
walk until the vehicle phase terminated due to latkdemand or the maximum green timer
expired. However, if the pedestrian intervals regghiimore time than permitted by the maximum
green timer, the vehicle phase would continue teetuntil the pedestrian flashing don’t walk
interval finished timing.

Walk

The walk interval should provide pedestrians adexjuene to perceive the WALK
indication and depart the curb before the pedesti@arance interval begins. It should be
long enough to allow a pedestrian that has pudimegedestrian push button to enter the
crosswalk. In many cases, the pedestrian phasé&ilet to rest in the walk interval to
maximize the walk display during a vehicle greeom® controllers have a mechanism to
specify that the walk interval begins before, oereafter, the onset of the green interval.
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The walk interval may be extended in some contreltkiring coordination. A pedestrian
recall mode, as discussed in a later section, eamded to eliminate the need for a
pedestrian to push buttons and ensures that thesfreoh phase is presented each cycle.

The length of the walk interval is usually estdiid in local agency policy. The
MUTCD () 19indicates that the minimum walk duratisimould be at least 7 seconds, but
indicates that a duration as low as 4 seconds reaysbd if pedestrian volumes are low
or pedestrian behavior does not justify the need’feeconds. Consideration should be
given to walk durations longer than 7 seconds imost zones and areas with large
numbers of elderly pedestrians. In cases where pib@estrian push button is a
considerable distance from the curb, additional WALme is desirable. Table 33.22-8
summarizes the recommended walk interval durati@s®d on the guidance provided in
the MUTCD and the Traffic Control Devices HandboQRO. At intersections where
older pedestrians are present, the MUTCD recommigraishe WALK time allows for a
pedestrian to reach the middle of the street ad &€&t per second walking speed.

Table 33.22-8 Pedestrian walk interval duration

| Conditions || Walk Interval Duration (PW), s |
High pedestrian volume areas (e.g., school, central business

L9 10to 15
district, sports venues, etc.)
[Typical pedestrian volume and longer cycle length I 7 to 10 |
[Typical pedestrian volume and shorter cycle length I 7 |
[Negligible pedestrian volume I 4 |

Conditions where older pedestrians are present

Distance to center of road divided by 3.0
feet per second

WALK times that allow pedestrians to cross to aevidedian before the FLASHING
DON'T WALK may reduce the potential for pedestriatspping within the median.

Pedestrian Clearance

The pedestrian clearance interval follows the walkerval. When the pedestrian
clearance interval begins, pedestrians should redbenplete their crossing if already in
the intersection or refrain from entering the isgamtion until the next pedestrian walk
interval is displayed. The MUTCD currently stip@atthat the pedestrian clearance
interval must be calculated assuming the distanma the curb to the far side of the
opposing travel way, or to a median of sufficiendtv for pedestrians to wait. Note that
previous editions of the MUTCD only required thearance time to be as long as needed
for the pedestrian to reach the center of the éatttraveled lane.
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Pedestrian clearance time is computed as the ngpsisstance divided by the walking
speed. The speed of pedestrians is a critical g#sumin determining this parameter.
The MUTCD recommends a walking speed value of €€ per second (ft/s). The
Americans with Disabilities Act (ADA) AccessibilityGuidelines for Buildings and
Facilities recommended use of 3.0 ft/s. Recent voorkipleted by LaPlante and Kaeser
has suggested that a speed of 3.5 ft/s be usealdalate the pedestrian clearance (FDW
and Yellow) duration for curb to curb clearance &h@ ft/s be used for the total
pedestrian time (WALK, FDW, and Yellow) durationrféop of ramp to far curb
clearance. The Pedestrian Facilities User Guid¢ t@dommends a maximum walking
speed of 3.5 ft/s. This guide also suggests tisdwaer walking speed should be used in
areas where there is a heavy concentration of lglpersons or children. A survey by
Tarnoff and Ordonez (22) suggests a range of 333dt/s is typically used by agencies
to compute crossing time for these special-needegieans. Pedestrian clearance time
for typical pedestrian crossing distances can haiodd from Table 33.22-9.

Table 33.22-9 Pedestrian clearance time

| Walking Speed, ft/s

|

Pedestrian Crossing Distance, ft | 3.0 || 3.5 || 4.0 |

| Pedestrian Clearance Time (PCT), s |

| 40 | 13 || 11 | 10 |
| 60 | 20 || 17 | 15 |
| 80 | 27 || 23 || 20 |
| 100 | 33 || 20 || 25 |

Note:

1. Clearance times computed as PCT =D,/ Vor where D = pedestrian crossing distance (in feet) and
Vp = pedestrian walking speed (in feet per second).

In general, agencies use one of two methods tardete the setting for the pedestrian
clearance parameter. Some agencies require thatethestrian clearance time conclude
with the onset of the yellow change interval. Thygproach provides additional time
(equal to the change period) for pedestrian clegrartime that is sometimes of benefit
to pedestrians who walk slower than average. Tliegigan clearance interval duration
for this practice is computed using Equation 3322-

Equation 33.22-3
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Other agencies allow a portion of the pedestriaggareince time to occur during the
change period (i.e., yellow change or yellow chaplys red clearance intervals). This
practice minimizes the impact of pedestrian sereicgohase duration and allows it to be
more responsive to vehicular demand. This pedestlaarance interval duration is
computed using Equation 33.22-4.

Equation 33.22-4

The practice of exclusing the change and cleararegvals may place pedestrians at risk
if a concurrent permissive left turn movement sereing a yellow and the vehicles from
that movement are expected to clear the intersediging the yellow interval. Some
agencies using flashing yellow applications chotseomit the permissive left turn
portion of a protected-permissive left-turn movetnduring a pedestrian call.

The pedestrian clearance time that transpires gluhia green interval coincides with a
flashing “DON'T WALK” indication. At the onset ofhe yellow interval, a steady
“DON'T WALK” indication is presented. It is notechat some agencies display the
flashing “DON'T WALK” until the end of the changeepod. However, the MUTCD
(Sections 4E.07 and 4E.10) states that if countdpedestrian signals are used, the
pedestrian clearance interval must finish timingpleethe onset of the yellow clearance
interval.

33.22.4 ACTUATED TIMING PARAMETERS

Research has shown that the best form of isolaggetaton occurs when fully-actuated
controllers are used. Actuated controllers openatst effectively when timed in a manner that
permits them to respond rapidly to fluctuationsvehicle demand (23). This section describes
several of the more commonly used settings andnpetes that influence phase function or
duration in an actuated controller, including pheseall, passage time, simultaneous gap, and
dual entry. In addition, this section discussesviblame- density technique.
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33.22.4.1 Phase Recalls

Recall causes the controller to place a call f@pacified phase each time the controller is
servicing a conflicting phase, regardless of thespnce of any detector-actuated calls for the
phase. There are four types of recalls: minimunalf€also known as vehicle recall), maximum
recall, pedestrian recall, and soft recall. Thasespecified as phase option parameters in NTCIP
Document 1202 (24).

Minimum Recall (Vehicle Recall)

The minimum recall parameter causes the contrall@lace a call for vehicle service on

the phase. The phase is timed at least for itstmum green regardless of whether there
is demand on the movement. The call is cleared spam of green for the affected phase
and placed upon start of the yellow change interVals may be used where detection
has failed.

Minimum recall is the most frequently used recabhdae. It is frequently used for the
major-road through- movement phases (commonly dasigl as phases 2 and 6) at semi-
actuated non-coordinated intersections. This useres that the controller will always
return to the major-road through phases regardiedemand on the major-road through
phases, thus providing a green indication as earfyossible in the cycle.

Maximum Recall

The maximum recall parameter causes the contradleplace a continuous call for
vehicle service on the phase. It results in thegrtation of the green indication for its
maximum duration every cycle as defined by the maxn green parameter for the
phase. When the maximum recall parameter is seléotea phase, the maximum green
timer begins timing at the beginning of the phasgrsen interval, regardless of the
presence of a conflicting call or lack thereof.

There are at least three common applications oirmax recall:

Fixed-time operation is desired: Each phase id@emaximum recall. The maximum
green setting used for this application should fQeakto the green interval durations
associated with an optimal fixed time plan.

Vehicle detection is not present or is out of ssgviMaximum recall for a phase without
detection ensures that the phase serves the assbomvement. However, maximum
recall can result in inefficient operation duringht volume conditions (e.g., during night
times and weekends) and should be used only wheessary. In some of these
situations, a lower maximum green or MAX 2 (50 &4 of the typical MAX GREEN
value) may be desirable.
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Gapping out is not desired: Maximum recall can eduto prevent a phase from gapping
out. An example application of this is under cooadéd operations where a left turn
phase is lagging. By setting the lagging left tphase to maximum recall, the phase will
time for its maximum duration, allowing the adjacteoordinated phase to also time

for its intended maximum duration. This type of @gi®n is typically only used on a
time-of-day basis in conjunction with a particutamordinated plan (see Chapter 6).

Pedestrian Recall

The pedestrian recall parameter causes the cartrl place a continuous call for
pedestrian service on the phase, resulting in gdméraller timing its walk and flashing
don’t walk operation. Coordination plans may invgeslestrian calls using a rest in walk
command, which dwells in the pedestrian walk iragrwhile awaiting the yield point.

There are at least two common applications of pgedasecall:

Pedestrian detection is not present or is out ofice= Pedestrian recall for a phase
without pedestrian detection ensures that the ptiass pedestrian walk and clearance
intervals each cycle.

High pedestrian demand: Pedestrian recall is somestiused to activate the Walk and
Pedestrian clearance intervals for phases and pigneds that are likely to have high
pedestrian demand. This is a common applicationnguperiods of high pedestrian
activity in downtown environments or at interseoonear schools as students are
arriving or leaving school for the day.

Soft Recall

The soft recall parameter causes the controllgridoe a call for vehicle service on the
phase in the absence of a serviceable conflictallg When the phase is displaying its
green indication, the controller serves the phasg ontil the minimum green interval
times out. The phase can be extended if actuatimmseceived. This may be used during
periods of low traffic when there is a desire téadét to the major street.

The most typical application for soft recall is fire major-road through movement
phases (usually phases 2 and 6) at non-coordinatecections. The use of soft recall
ensures that the major-road through phases willlldwegreen when demand for the
conflicting phases is absent.

33.22.4.2 Passage Time

Passage time, sometimes called passage gap, velieesion, or unit extension, is used to
extend the green interval based on the detecttusstance the phase is green. This parameter
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extends the Green Interval for each vehicle aanatp to the Maximum Green. It begins timing
when the vehicle actuation is removed. This extengeriod is subject to termination by the
Maximum Green timer or a Force Off.

Passage time is used to find a gap in traffic farclv to terminate the phase, essentially it is the
setting that results in a phase ending prior tanigimum green time during isolated operation.
If the passage time is too short, the green maypeachaturely, before the vehicular movement
has been adequately served.

If the passage interval is set too long, there Wwél delays to other movements caused by
unnecessary extension of a phase (25,) resultingeiay to the other movements at the
intersection. The appropriate passage time used fmarticular signal phase depends on many
considerations, including: type and number of deiaczones per lane, location of each
detection zone, detection zone length, detectidh mamory (i.e., locking or nonlocking),
detection mode (i.e., pulse or presence), apprepebkd, and whether lane-by-lane or approach
detection is used. Ideally, the detection desigesiablished and the passage time determined to
ensure that the “system” provides efficient queeivise and safe phase termination for higher
speed approaches.

The passage timer starts to time from the instantetector actuation is removed. A subsequent
actuation will reset the passage timer. Thus, tleelenof the detector, pulse or presence, is
extremely important in setting the passage time pllse mode essentially measures headways
between vehicles and the passage time would bacsetrdingly. The speed of the vehicles
crossing the detectors and the size of the dete@gaan important consideration in determining
passage time when using presence mode. Longergeasisaes are often used with shorter
detectors, greater distance between the deteatiostap line, fewer lanes, and slower speeds.

When the passage timer reaches the passage tintedimd a call is waiting for service on a

conflicting phase, the phase will terminate, aswsha Figure 33.22-3. When this occurs, it is

commonly termed as a “gap out”. In the figure, ethicalls extend the green time until the gap
in detector occupancy is greater than the passage tn this example, presence detection is
assumed.

Research by Tarnoff suggests that the vehicle sikiennterval is one of the most important
actuated controller settings, but the variety ehteques for determining proper settings suggest
that there is either a lack of knowledge on theilaldity of this information or disagreement
with the conclusions presented (26).
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Figure 33.22-3 Application of passage time

The objective when determining the passage timeevialto make it large enough to
ensure that all vehicles in a moving queue areeskbut to not make it so large that it
extends the green for randomly arriving trafficisTbbjective is broadened on high-
speed approaches to ensure the passage timess laoge that the phase cannot be
safely terminated.

Many professionals believe that keeping one larteadfic (in a left turn or a minor
street) moving in deference to a major street withtiple lanes results in inefficient
operation. Research has shown that measuring #teg across lane groups and
comparing them with the potential demand at an@gagpr may provide improved
decision making within the signal control logic.
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The guidelines provided in this section are basethe assumption that non-locking
memory is used and that one source of detectiproded (per lane) for the subject
signal phase. This source of detection could coon$isne long detector loop at the stop
line, a series of 6-foot loops that are closelyceplaand operate together as one long zone
of detection near the stop line, or a single 6-foop located at a known distance
upstream of the stop line (and no detection astbp line). As discussed in Chapter 4,
passage time is a design parameter for detectsigrkethat include multiple detectors

for the purpose of providing safe phase terminafi@n, indecision zone protection). The
passage-time value for this application is inhdydirtked to the detection design and
should not be changed from its design value.

Passage time defines the maximum time separataircéim occur between vehicle calls
without gapping out the phase. When only oneitrddihe is served during the phase,
this maximum time separation equals the maximuowalble headway (MAH) between
vehicles. Although the maximum time separation degsequal the maximum allowable
headway when several lanes are being served,ine€'i@AH" is still used and it is
understood that the "headway" represents the tteevial between calls (and not
necessarily the time between vehicles in the same)|

Figure 33.22-4 illustrates the relationship betwpassage time, gap, and maximum
allowable headway for a single-lane approach wité detector. This relationship can be
used to derive the following equation for computpagsage time for presence mode
detection. Gap as shown in this figure is the amofitime that the detection zone is
unoccupied.

Equation 33.22-5
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Figure 33.22-4 Relationship between passage timejpy and maximum
allowable headway

If Equation 33.22-5 is used with pulse-mode detectthen the length of vehicle Lv and the
length of detector Ld equal 0.0 ft, and the passage is equal to the MAH. The duration of
the passage time setting should be based on thede @7):

1. Ensure queue clearance. The passage time shoulek rsat small that the resulting MAH
causes the phase to have frequent premature gafi@uf a gap-out that occurs before
the queue is fully served). A premature gap-oul ledve a portion of the stopped queue
unserved and, thereby, lead to increased delagspassible queue spillback. If the
gueue is extraordinarily long and cannot be accodatenl without creating a cycle
length that is longer than desirable, this goal matyapply.

2. Satisfy driver expectancy. The passage time shooldbe so large that the green is
extended unnecessarily after the queue has cleééfaiting drivers in conflicting phases
will become anxious and may come to disrespecsitiraal indication.

3. Reduce max-out frequency. The passage time shailthen so large that the resulting
MAH causes the phase to have frequent max-outeng MAH would allow even light
traffic volumes to extend the green to max-out. tWgi drivers in higher-volume
conflicting phases may be unfairly delayed.

Research by Tarnoff and Parsonson (28) indicatasttiere is a range of passage times
within efficient intersection operations. This rangxtends from about 1 to 4 seconds for
presence mode detection, with lower values beingenappropriate under higher volume
conditions. Values outside this range tend to iaseedelay. These passage times correspond
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to MAH values in the range of 2.0 to 4.5 secondgethding on detection zone length and
location.

Based on the previous discussion, the following Mydties are recommended for use with
Equation 5-3 to determine passage time:

Gap reduction not used: MAH =3.0s
Gap reduction used: MAH=4.0s

The recommended MAH values may be increased by Gtlthe approach is on a steep
upgrade and by 1.0 seconds if there is a largeeptage of heavy vehicles.

The passage time computed from the recommended MBAles for a range of speeds and
detection zone lengths is provided in Table 33.22Zdr presence mode detection. It is

critical that the relationship of passage time ébigle speed, detector length, and detector
location be considered.
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Table 33.22-10 Passage time duration for presenceode detection

|85th Percentile Approach Speed, mph? |

Maximum Allowable Headway, s |[|Detection Zone Length, ft | 25 || 30 || 35 || 40 || 45 |
| Passage Time (PT), s |

| 6 22 23 | 24 |[25 |26 |

| 15 10l 21 [ 22 [ 23 J[24 |

| 25 |l 16 18 || 20 |[ 21 |22 |

| 35 |l 23| 16 || 18 || 19 |22 |

3.0

| 45 | 120 23| 126 || 127 |19 |

| 55 | o7 21| 123 || 16 |17 |

| 65 | o4 o8 | 121 |14 |15 |

| 75 | o1 o6 || 09 |12 |[14 |

| 6 | 32| 33| 34 || 35 |[36 |

| 15 | 29| 31| 32 |33 |[34 |

| 25 | 26| 28 | 30 || 31 |32 |

| 35 | 23| 26 | 28 || 29 |31 |

4.0

| 45 | 20| 23 | 26 | 27 |[29 |

| 55 | 17 21 ] 23 ][26 |27 |

| 65 | 14] 18 | 21 |24 |25 |

| 75 || 1.1 || 1.6 || 1.9 || 2.2 || 2.4 |

Note:
1. Average approach speed is computed as 88 percent of the 85th percentile approach speed.

33.22.4.3 Simultaneous Gap

Simultaneous gap defines how a barrier is crosdezhva conflicting call is present. If enabled,

it requires all phases that are timing concurgemil simultaneously reach a point of being

committed to terminate (by gap-out, max-out, océsoff) before they can be allowed to jointly

terminate. If disabled, each of the concurrent phasan reach a point of being committed to
terminate separately and remain in that state whdging for all concurrent phases to achieve
this status. Simultaneous gap out should be enafihesh advance detection is used to provide
safe phase termination.
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33.22.4.4 Dual Entry

The dual (double) entry parameter is used to adlicle phases that can time concurrently even
if only one of the phases is receiving an activik. ¢aor example, if dual entry is active for
Phases 2 and 6 and Phase 1 receives a call batln® glaced on Phase 6, Phase 6 would still be
displayed along with Phase 1. The most common tskeia entry is to activate the parameter
for compatible through movements. If the dual epyameter is not selected, a vehicle call on a
phase will only result in the timing of that phase¢he absence of a call on a compatible phase.

33.22.5 VOLUME-DENSITY FEATURES

Volume-density features can be categorized by tvainnfeatures: gap reduction and variable
initial. These features permit the user to prowdeiable alternatives to the otherwise fixed

parameters of passage time (gap reduction) andmamigreen (variable initial). Gap reduction

provides a way to reduce the allowable gap ovee tiessentially becoming more aggressive in
looking for an opportunity to end the phase.

Variable initial provides an opportunity to utilizeycle by cycle traffic demand to vary the
minimum time provided for a phase. These featuresease the efficiency of the cycle with the
fluctuations in demand, which can result in lowelag for users at the intersection.

33.22.5.1Gap Reduction

The gap reduction feature reduces the passagetdimesmaller value while the phase is green.
Initially, the gap sought between actuations is phassage time value. Then, after a specified
time (Time Before Reduction), the passage timeedkiced to a minimum gap using a gradual
reduction over a specified time (Time To ReducehisTfunctionality is achieved by
programming the following controller parametersnei before reduction, time to reduce, and
minimum gap. Their relationship is shown in Fig88222-5.
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Figure 33.22-5 Use of volume-density to change te&tension time

The time-before-reduction parameter establishesitieethat is allowed to elapse after
the arrival of a conflicting call and before thetension timer limit is reduced. This
period begins when the phase is green and thexeséviceable call on a conflicting
phase. Once the time-before-reduction period egpitiee extension timer limit is
reduced in a linear manner until the time-to-redpeeiod expires. Thereafter, the
extension timer limit is set equal to the minimuapgparameter. Like the Passage
Time, this parameter extends the green intervaliipyo the Minimum Gap time for
each vehicle actuation up to the Maximum Greefeljins timing when the vehicle
actuation is removed. This extension period isextlo termination by the Maximum
Green or a Force Off.

The gap-reduction feature may be desirable wherplizse volume is high and it is
difficult to differentiate between the end of thatial queue and of the subsequent
arrival of randomly formed platoons. This featulews the user to specify a higher
passage time at the beginning of a phase and tileeementally reduce the passage
time as a phase gets longer and the delay to confimovements increases.

With gap reduction, a MAH of 2.0 seconds is recomdeel for use with Equation
33.22-3 to determine the minimum gap. This MAH nbayincreased by 0.1 second if
the approach is on a steep upgrade, and by 1.dideicthere is a large percentage of
heavy vehicles.
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If Equation 33.22-3 is used with pulse-mode detegtihen the length of vehicle Lv
and the length of detector Ld equal 0.0 ft, andni@mum gap is equal to the MAH.

The minimum gap is computed and shown in TableZZ32using the recommended

MAH values for a range of speeds and detection Zzengths provided for presence
mode detection

Table 33.22-11 Minimum gap duration for presence mie detection

|85th Percentile Approach Speed, mph? |
Maximum Allowable Headway, s |Petection Zone Length, ft || 25 || 30 || 35 || 40 | 45 |
| Minimum Gap, s |
| 6 | 12| 13| 14| 15 | 16 |
| 15 | o09f 11 12| 13 | 14 |
| 25 [ 06| o8] 1o | 21 || 12 |
| 35 [ o3| o6] o8] 09 | 11 |
20 | 75 [ 00][ 03] 06 07 || 09 |
| 55 || 0.0|| 0.1 || 0.3 || 0.6 || 0.7 |
| 65 || 0.0|| 0.0 || 0.1 || 0.4 || 0.5 |
| 75 || 0.0|| 0.0 || 0.0 || 0.2 || 0.4 |
Note:
1. Average approach speed is computed as 88 percent of the 85th percentile approach speed.

A number of different policies may be employed gtetmining the value of time-
before-reduction. An example policy is to maketihee-before-reduction setting equal
to the minimum green interval and the time-to-redwgetting equal to half the
difference between the maximum and minimum greé&mvals (29). This guidance is
illustrated in Table 33.22-12.
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Table 33.22-12 Gap reduction parameter values

Maximum Green, s

Minimum Green Interval, s |[Time Before Reduction 1, s -m.-.-.-.-

Time To Reduce, s

|
5 | 10 |I 8 [ 10][13][15][18][20][23][25][28]30] 3]

|

| 10 | 10 (5 [ 8 J[10][13][15][18][20]23]25]o8][30]
| 15 | 15 VA 5 ][ 8 ][10][13][15][18][20][23]l25] o8]
| 20 | 20 [In/A]NvAls | 8][10[13][18][18]20][23] 5]

Notes:

1. Time before reduction should always be 10 s or more in length.

N/A — Gap reduction is not applicable to this combination of minimum and maximum green settings.

33.22.5.2 Variable Initial

Variable initial is used in some cases to ensuaiedh vehicles queued between the stop line and
the nearest upstream detector are served. Vanaible uses detector activity to determine a
minimum green. Vehicles arriving on red that areatde to reach the upstream detector due to a
standing queue will be detected and will extendgiezn by an amount sufficient to allow them
to be served using the passage time. This featuagpplicable when there are one or more
advance detectors, no stop-line detection, and fludéuations in traffic volumes between peak
and off-peak hours. Variable initial timing is aeted by programming the following controller
parameters: minimum green, added initial, and marinnitial. Their relationship is shown in
Figure 33.22-6.

Added Initial — This interval times concurrentlytivithe minimum green interval, and is

increased by each vehicle actuation received duhagssociated phase yellow and red
intervals. The initial green time portion is thesgter of the minimum green or added
initial intervals. The Added Initial cannot excetbeé Maximum Initial (Figure 33.22-6).

Maximum Initial — This is the maximum period of &nior which the Added Initial can

extend the initial green period. The Maximum Iditan not be less than the Minimum
Green (Figure 33.22-6).
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Figure 33.22-6 Use of Added Initial to modify mininum green

As with other volume-density parameters, there \@gying policies that may be
employed in determining the values of maximum-atiand added-initial. Generally,
the maximum initial setting should be determinethgighe calculation for minimum
green for queue clearance shown in Section 3322.3.

A common policy for selecting the added-initial gaeter is to set this value at
approximately 2.0 seconds per actuation if the @lsssves only one traffic lane, 1.5
seconds per actuation if it serves two traffic Brend 1.2 seconds per actuation if it
serves three or more lanes. Slightly larger valees be used if the approach has a
significant upgrade or a significant number of he#vcks. Bicycle traffic may also
warrant higher values depending on the intersectadth. Some agencies have
developed more specific calculations for deterngrime added initial parameter. For
example, the Los Angeles Department of Transponatises Equation 33.22-4 to
calculate the added initial setting.
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Equation 33.22-6

33.22.6 DETECTION CONFIGURATION AND PARAMETERS

Traffic signal controllers have several settings ten be used to modify the vehicle actuations.
Traditionally, this functionality was available grih the detection unit that served as an
interface between the vehicle detector and theasiggntroller. Its implementation in the
controller unit has streamlined the signal timimggess and can duplicate functionality that may
be in the detection unit.

The parameters discussed in this section incluelaydextend, call, and queue. The latter two
parameters are actually elements of the detectawrgpin NTCIP Document 1202 (30).

33.22.6.1 Delay

A delay parameter can be used to postpone a vedgtlation for a detector input on a phase. By
using a delay timer, an actuation is not made abbgluntil the delay timer expires and the
actuation channel input is still active (i.e., thetection zone is still occupied). Once an actmatio
is made available to the controller, it is contidder as long as the channel input is active.
Application of the delay timer is illustrated ingleire 33.22-7.
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Figure 33.22-7 Application of delay timer

Common applications of a delay parameter on detedticlude the following:

Delay is sometimes used with stop-line, presencdendetection for turn movements
from exclusive lanes. For right-turn-lane detectidelay should be considered when the
capacity for right-turn-on- red (RTOR) exceeds tight-turn volume or a conflicting
movement is on recall. If RTOR capacity is limitatien delay may only serve to
degrade intersection efficiency by further delayiigit-turn vehicles. The delay setting
should range from 8 to 12 seconds, with the lakgdues used for higher crossroad
volumes (31).

If the left-turn movement is protected-permissiviel ahe opposing through phase is on
minimum (or soft) recall, then delay should be d¢deed for the detection in the left
turn lane. The delay setting should range from 3 teeconds, with the larger values
used for higher opposing volumes (32). In this caseninimum recall should also be
placed on the adjacent through phase to ensureattatk of demand on the adjacent
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through phase does not result in the left-turn moe receiving neither a permissive
nor a protected left-turn indication.

Delay may also be used to prevent an erroneousfrcati being registered in the
controller if vehicles tend to traverse over anotblease’s detector zone. For example,
left-turning vehicles often cut across the perpemldir left-turn lane at the end of their
turning movement. A detector delay coupled with-mking memory would prevent a
call from being placed for the unoccupied detector.

33.22.6.2 Extend

The extend parameter is used to increase the darafithe actuation for a detector or phase.
The extend timer begins the instant the actuatltancel input is inactive. Thus, an actuation
that is one second in duration at the channel inpntbe extended to three seconds, if the extend
parameter is set to two seconds. This proceslsisdrated in Figure 5-8

Figure 33.22-8 Application of extend timer

Extend is typically used with detection designg t@mbine multiple advance detectors

and stop-line detection for safe phase terminatiohigh-speed intersection approaches.
Extend is used with specific upstream detectorsstpplement the passage-time

parameter, to ensure that these detectors candetttengreen interval by an amount of

time equal to the sum of the passage time andesadinsion. The magnitude of the

extension interval is dependent on the passage ap@roach speed, and the distance
between the subject detector and the next dowmsteetector. Typical values range

from 0.1 to 2.0 seconds.
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The objective when used at high-speed approachés éxtend the green interval to
ensure that a vehicle approaching the interset¢tamnjust enough time to reach the next
downstream detector and place a new call for gredension. The procedure for
identifying when call extension is needed and caimguthe amount of the extension
time is specific to the detection design. RefethtoManual of Traffic Detector Design by
Bonneson and McCoy (33) for additional guidancethos application.

33.22.6.3 Carryover

Carryover is a term commonly used for the Externitirggin controller manuals. It is another
way to describe the time provided for a vehicléréwerse from one detector to the next.

33.22.6.4 Call

The call parameter is used to allow actuationseqassed to the controller for the assigned
phase when it is not timing a green interval. Attues received during the green interval are
ignored. The call parameter is sometimes used déthction designs that include one or more
advance detectors and stop-line detection. With dlesign, the call-only parameter is used with
the stop-line detectors to ignore the actuatioeseahdetectors receive during the green interval.
The advance detectors are used to ensure safeffasieneé service during the green interval.
When an appropriate detection design is combingl this parameter, intersection efficiency
can be improved by eliminating unnecessary greéneion by the stop- line detection.

33.22.6.5 Queue

A detector can be configured as a queue serviecetto effectively extend the green interval
until the queue is served, at which time it is dieated until the start of the next conflicting
phase. This functionality is offered as a paramigteanost modern controllers. However, if it is
not available as a parameter, equivalent functipnahn be acquired by using the features of
many modern detector amplifiers.

This functionality is sometimes used with detectdesigns that include one or more advance
detectors and stop-line detection. With this desthe queue service functionality is used to
deactivate the stop line detection during the gie&rval, but after the queue has cleared. The
advance detectors are then used to ensure safe pér@sination. When combined with an
appropriate detection design, this functionalityn camprove intersection efficiency by
eliminating unnecessary green extension by thelstepdetection.
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33.22.7 GUIDELINES FOR TIME-BASE CONTROLS

Most controllers provide a means to externally gmanal timing parameters by time of day;
typically these include maximum green, phase oamti minimum recall on a time-of-day basis.
Depending on the manufacturer, time-of-day selactid pedestrian omit, maximum recall,
pedestrian recall, detector switching, overlap onaitlditional maximums, alternate walk
intervals, and other parameters may also be availdlne approach specified by NTCIP 1202
for activating phase and ring controls invokesnairig pattern that can be selected on a time-of-
day basis (34). In NTCIP protocol, a timing patteonsists of a cycle length, offset, set of
minimum green and maximum green values, forceddtgrmined by splits in some cases), and
phase sequence. It also includes specificationhak@ parameters for minimum or maximum
vehicle recall, pedestrian recall, or phase omit.

There are a number of controls that can be usedbtify controller operation on a time-of-day
basis. A remote entry to one of these controlsiwilbke the corresponding parameter. The most
common time- based controls are maximum green X (RJaphase omit, and minimum recall.
The method of activating these controls varies froanufacturer to manufacturer.

There are two typical uses of phase omit. Onesiséhen a left-turn phase is only needed during
the peak traffic period. A second use is wherdtalen movement is prohibited during the peak

period. In this situation, the associated left-typtmase is omitted during the turn prohibition

period.

Minimum recall is used primarily on the major-roguhase(s) of a fully-actuated, non-

coordinated intersection. If the volume on the miraad is low only during certain times of the
day, minimum recall for the major-road phases ct@dctivated during these time periods.
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