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DISCLAIMER

The contents of this report reflect the views of the authors, who are solely
responsible for the facts and accuracy of the data and the opinions, findings, and
conclusions presented herein. The contents do not necessarily reflect the official views
or policies of The Roadside Safety Pooled Fund, The Texas A&M University System, or
the Texas A&M Transportation Institute (TTI). This report does not constitute a
standard, specification, or regulation. In addition, the above listed agencies/companies
assume no liability for its contents or use thereof. The names of specific products or
manufacturers listed herein do not imply endorsement of those products or
manufacturers.

The results reported herein apply only to the article tested. The full-scale crash
tests were performed according to TTI Proving Ground quality procedures and
American Association of State Highway and Transportation Officials (AASHTO) Manual
for Assessing Safety Hardware, Second Edition (MASH) guidelines and standards.

The Proving Ground Laboratory within TTI's Roadside Safety and Physical
Security Division (“TTI Lab”) strives for accuracy and completeness in its crash test
reports. On rare occasions, unintentional or inadvertent clerical errors, technical errors,
omissions, oversights, or misunderstandings (collectively referred to as “errors”) may
occur and may not be identified for corrective action prior to the final report being
published and issued. If, and when, the TTI Lab discovers an error in a published and
issued final report, the TTI Lab will promptly disclose such error to The Roadside Safety
Pooled Fund, and both parties shall endeavor in good faith to resolve this situation. The
TTI Lab will be responsible for correcting the error that occurred in the report, which
may be in the form of errata, amendment, replacement sections, or up to and including
full reissuance of the report. The cost of correcting an error in the report shall be borne
by the TTI Lab. Any such errors or inadvertent delays that occur in connection with the
performance of the related testing contract will not constitute a breach of the testing
contract.

THE TTI LAB WILL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL,
PUNITIVE, OR OTHER DAMAGES SUFFERED BY THE ROADSIDE SAFETY
POOLED FUND OR ANY OTHER PERSON OR ENTITY, WHETHER SUCH
LIABILITY IS BASED, OR CLAIMED TO BE BASED, UPON ANY NEGLIGENT ACT,
OMISSION, ERROR, CORRECTION OF ERROR, DELAY, OR BREACH OF AN
OBLIGATION BY THE TTI LAB.
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS

Symbol | When You Know | Multiply By | To Find | Symbol
LENGTH
in inches 254 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
ft? square feet 0.093 square meters m?
yd? square yards 0.836 square meters m?
ac acres 0.405 hectares ha
mi? sguare miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft cubic feet 0.028 cubic meters m3
yad?3 cubic yards 0.765 cubic meters m3
NOTE: volumes greater than 1000L shall be shown in m?
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or metric ton”) Mg (or “t")
TEMPERATURE (exact degrees)
°F Fahrenheit 5(F-32)/9 Celsius °C

or (F-32)/1.8
FORCE and PRESSURE or STRESS

Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol | When You Know | Multiply By | To Find | Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm?2 square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft?
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? Square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces oz
L liters 0.264 gallons gal
m?3 cubic meters 35.314 cubic feet ft
m3 cubic meters 1.307 cubic yards yd3
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or “t”) megagrams (or “metric ton”) 1.103 short tons (2000Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ib/in?

*Sl is the symbol for the International System of Units
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Chapter 1. INTRODUCTION

Luminaire poles are a vital aspect of our transportation system. Much work in
recent years has been undertaken to evaluate luminaire poles to the American
Association of State Highway and Transportation Officials (AASHTO) Manual for
Assessing Safety Hardware (MASH) evaluation criteria. Of this previous effort, most
projects evaluated frangible transformer base supports; there was minimal research
evaluating slip base connections for luminaire pole supports. Consequently, the
Roadside Safety Pooled Fund prioritized an evaluation of common designs for luminaire
pole slip base supports.

The primary objective of this study was to evaluate critical configurations of a
non-proprietary four-bolt slip base luminaire support for MASH crashworthiness. This
effort started with a literature review and a state survey, which was aimed at identifying
commonly used designs of luminaire pole slip bases. With the results of the literature
review and state survey, the research team selected a configuration for full-scale crash
testing. The research team subsequently evaluated the luminaire pole and slip base
supports with MASH crash testing. This report details the tasks performed by the
research team.



Chapter 2. LITERATURE REVIEW

2.1. OVERVIEW

This chapter documents the literature review performed in Phase 1 of this
project. The research team reviewed relevant research regarding luminaire pole
configurations.

2.2. FULL-SCALE 1,800 LB. VEHICLE CRASH TESTS ON A 4-BOLT
BREAKAWAY SLIP BASE DESIGN (TRP-03-25-91) (3)

The objective of the research conducted in this report was to evaluate the safety
performance of the 4-bolt breakaway slip base luminaire support for Federal-air
projects. Two full-scale crash tests were conducted under National Cooperative
Highway Research Program (NCHRP) Report 230 (2). The luminaire support had three
major components: the luminaire support pole, two mast arms, and the permanent lower
slip base assembly, the details for which are shown below in Figure 2.1 and Figure 2.2.
The maximum height from the ground to top of the mast arms was a 52-ft. The height
from the ground to the top of the luminaire pole was 50-ft 4-in. The two steel mast arms
were attached to the luminaire 10-in below the top of the luminaire support pole and
extended 15-ft outward from the pole.

The first crash test involved a 1,750 Ib 1984 Dodge Colt, impacting the luminaire
support at the center point of the bumper at a speed of 15-mi/h. The front bumper of the
vehicle crushed inward upon impact, as the base started to slip. The support hit the roof
of the car 2.33 seconds after impact. The vehicle change in speed was calculated using
a combination of film and accelerometer data. The occupant impact velocity was
determined to be 7.6 ft/s, the maximum ridedown deceleration of 3.5 g’s, and the vehicle
change in speed was 6.1 ft/s. All were well below the requirements set forth by the
guidelines listed in the previous paragraph. The damage to the vehicle was minimal, with
only a 9 in. crushing distance in the bumper and slight damage to the roof. The vehicle
and assembly damage are shown below in Figure 2.3.
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Figure 2.1. Details for Direct 4-bolt Slip base Luminaire Support (1/2) (3)
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Figure 2.2. Details for Direct 4-bolt Slip base Luminaire Support (3).



Figure 2.3. Post-Test images of Vehicle, Luminaire, and Slip base (3)

The second test was conducted using a repaired vehicle from the previous test.
The center of the bumper impacted the luminaire support at a speed of 57.5 mi/h. The
front of the bumper crushed upon impact as the base began to slip. The front of the
vehicle began to lift up and continued on its rear wheels for 1 second after impact. The
occupant impact velocity was determined to be 14.2 ft/s, the ridedown deceleration was
1.0 ¢g’s, and the change in speed was 13.5 ft/s. All were well below the requirements set
forth by the guidelines listed previously. The only damage done to the vehicle was a
maximum crushing distance of 12 in. on the bumper. The vehicle damage is shown
below in Figure 2.4.

According to the results gathered from the two tests conducted in the report, the
4-bolt breakaway slip base design was considered acceptable according to NCHRP
Report 230 (2).



Figure 2.4. Post-Test Images of Vehicle

2.3. FULL-SCALE VEHICLE CRASH TESTS OF LUMINAIRE SUPPORTS
(REPORT# 386-005) (4)

This effort involved a large series of crash tests evaluating a number of luminaire
support configurations. In the ninth test, a 1963 Chevrolet impacted the luminaire
support at a speed of 40.2 mi/h. The slip base on this pole became disengaged quickly,
and the pole rotated upward. This allowed the vehicle to pass under it with relatively
small change in speed. The change in momentum was determined to be 405 Ib-sec
from the high-speed film, and 425 Ib-sec from the accelerometer. The assembly and
vehicle damage are shown below in Figure 2.5.
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Figure 2.5. Post-Impact Images of the Vehicle and Assembly (Ninth Test) (4)

2.4. CRASH TESTING OF FLASHING BEACON SUPPORTS

The objective of the research conducted in this report was to evaluate the
crashworthiness of warning sign supports with flashing beacons. The impacts involve
test vehicles with masses of 1808 Ibs and speeds of at 22 mi/h and 62 mi/h. The signs
and beacons are mounted on a cut-down Type 15 light standard pole without the arm
flange on a Type 30/31 slip base shown in Figure 2.6.

The first test conducted on the assembly had an impact angle and speed of O
degrees and 23.7 mi/h. The impact point was 5.0 in. to the right of the pole’s center.
Upon impact, the vehicle began to deform as it came in contact with the assembly, and
the slip base engaged as anticipated. The sign assembly rotated throughout the course
of the impact until the top impacted the ground behind the vehicle. The entire front of
the vehicle was moderately damaged from the initial impact. The front windshield was
damaged along the roofline but was not penetrated. The roof had the largest
deformation centered at the top of the windshield, approximately 3.5 in. It was
determined that no significant occupant risk would have occurred. The occupant impact
velocity was determined to be 16.4 ft/s and the maximum ridedown acceleration was
determined to be 2.04 g’s.
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Figure 2.7. Post-Test Image of Vehicle Damage (First Test) (5)

The second test conducted on the assembly had an impact angle of 0 degrees
and location of 4.3 in. to the right of center of the pole at a speed of 63.8 mi/h. Upon
impact, the vehicle began to deform as it came in contact with the assembly, and the
slip base activated. The sign rotated and cleared the rest of the vehicle. The hood,
bumper, headlamp area, grille, front fenders, and suspension components were
damaged in the impact. The occupant impact velocity was determined to be 11.4 ft/s
and the maximum ridedown acceleration was 4.40 g’s.



Figure 2.8. Post-Test Image of Vehicle Damage (Second Test) (5)

2.5. LITERATURE REVIEW SUMMARY

The literature review resulted in previous research regarding luminaire pole
supports. Much of the previous research evaluated transformer bases. This echoed the
need for further research evaluating luminaire pole slip base supports to MASH criteria.



Chapter 3. STATE SURVEY

3.1. OVERVIEW

This survey was designed to gather information regarding luminaire pole
assembly details found across the country in order to help develop a design concept for
a multidirectional breakaway mechanism. The survey was administered online using
Qualtrics and was sent to roadside safety pooled fund members. The survey received
19 total responses. Of the 19 responses, only 3 were used for assistance throughout
the project.

3.2. SURVEY QUESTIONS AND RESPONSES

Q1: Does your state use a 4-bolt slip base for luminaire poles similar to what is
shown below?

Figure 3.1. Question 1 Example Image
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Q2 — The table presented on the next page will inquire about multiple luminaire
components for different pole configurations. Each configuration represents one
combination of pole height, mast arm length, etc. that your state may use. Please
provide details on all configurations your state uses. Further explanation is provided
below:

Mast Configuration: Either Single, Double, or other (explain if other).

Single:

Double:

Pole Height: Height of the pole for that configuration in feet.

—

Mast Length: Length of mast for that configuration in feet.

Pole Material: Materials such as Steel, Aluminum, both, or others used for post construction.

Mast Material: Materials such as Steel, Aluminum, both, or others used for mast construction.

Figure 3.3. lllustrative Assistance for Question 2

Results are summarized in Table 3.1 through Table 3.3. Each state’s responses
are formatted in a table similar to what was asked to fill out in the question. States were



then asked to attach drawings for applicable pole configurations which are shown in

Q2b.
Table 3.1. Colorado’s Response Summary for Question 2
. . Mast Pole Mast . :
Configuration # Configuration Height (ft) | Length (ft) Pole Material | Mast Material
Configuration 1 Single 20' - 40’ 6'- 10 Steel_or Steel'or
Aluminum Aluminum
Round
, . . , , , . Tapered
Configuration 2 Single 41'-70 6'-10 Galvanized Steel
Steel Pole
Configuration 3 Double 20' - 40' 6'- 10 Steel_or Steel'or
Aluminum Aluminum

Table 3.2. New Mexico’s Response Summary for Question 2

Configuration # Conf'i\gisr;tion HeiZj%Ite(ft) Lelwl\{cllatlrswt(ft) Pole Material | Mast Material
Configuration 1 Single 24 10 Aluminum Aluminum
Configuration 2 Single 24 10 Steel Steel
Configuration 3 Single 34 10 Aluminum Aluminum
Configuration 4 Single 34 10 Steel Steel
Configuration 5 Single 44’ 10 Aluminum Aluminum
Configuration 6 Double 24 10 Aluminum Aluminum
Configuration 7 Double 24 10 Steel Steel
Configuration 8 Double 34 10 Aluminum Aluminum
Configuration 9 Double 34 10 Steel Steel
Configuration 10 Double 44 10’ Aluminum Aluminum




Table 3.3. Utah’s Response Summary for Question 2

Configuration # Confli\gisr;tion Hein?llte(ft) Ler’:/glzje':f]t(ft) Pole Material | Mast Material
Configuration 1 Single 24'-9" 10' Steel Steel
Configuration 2 Single 34'-9" 10 Steel Steel
Configuration 3 Single 24'-9" 15' Steel Steel
Configuration 4 Single 34'-9" 15' Steel Steel
Configuration 5 Double 24'-9" 10 Steel Steel
Configuration 6 Double 34'-9" 10' Steel Steel
Configuration 7 Double 24'-9" 15' Steel Steel
Configuration 8 Double 34'-9" 15' Steel Steel




Q2b — Please attach a link to or upload a standard detail sheet, or drawing.
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Figure 3.4. Colorado’s Response for Question 2b.
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Figure 3.5. New Mexico’s Response for Question 2b (1/5).
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Figure 3.7. New Mexico’s Response for Question 2b (3/5).
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PROJECTION

1.

GENERAL NOTES

REFER TO STANDARD DRAWING 707L-07-6/10
FOR BREAKAWAY POLE BASE SYSTEM DETAILS
AND REQUIREMENTS.

INSTALL DIRECT—MOUNT BASE ONLY WHEN
SPECIFIED. REFER TO PLANS FOR
DIRECT-MOUNT OR BREAKAWAY BASE
REQUIREMENT,

ALUMINUM BASE FLANGE SHALL BE CAST FROM
ALUMINUM ALLOY 356 T6, CONFORMING TO
ASTM B 108. BASE FLANGE SHALL
ACCOMMODATE FOUR ANCHOR BOLTS AS SHOWN,
AND SHALL BE CAPABLE OF DEVELOPING THE
FULL MOMENT, SHEAR, AND TORSIONAL
STREMGTHS OF THE ALUMINUM POLE SHAFTS.
BASE FLANGE SHALL ACCOMMODATE POLE SHAFT
OUTSIDE DIAMETER, DR POLE SHAFT DIAMETER
MAY BE INCREASED TO BE COMPATIBLE WITH
BASE FLANGE.

ANCHOR BOLTS ANC BOLT CIRCLE DIMENSIONS
FOR THE ALUMINUM POLE SHALL ACCGMMODATE
THE PROVIDED CAST BASE FLANGE. ANCHOR
BOLT SIZES SHOWN SHALL BE CONSIDERED A
MINIMUM,

ANCHOR BOLT PROJECTION LENGTHS AND TOTAL
LENGTHS SHOWN IN STANDARD DRAWINGS
707L-07-9/30 AND 10/10 APPLY TO
DIRECT—MOUNT BASE CONDITION. ADJUST
ACCORDINGLY FOR BREAKAWAY BASE CONDITION.

WHEN BREAKAWAY COUPLINGS ARE SPECIFIED,
THREAD UNC OF ANCHOR BOLTS SHALL MATCH
THAT OF THE COUPLINGS.

STANDARD DRAWING IS FOR USE ON  NMDOT
PROJECTS. OTHERS WHO
DRAWINGS DO SO AT
DRAWINGS THAT ARE APPUI
WILL BE IDENTIFIED ON PLAN:

NDI‘GBE PHYSICALLY INCLUDED IN THOSE PLAN:

NER IF1 STANDARD ORAWING
THE RESPONSIBILTY QF DETERMINING THEIR APPLICABRITY.

BAtE | BY DESCRIPTION

REVISIONS (OR GRANGE NGTICES)
NEW MEXICO
DEPARTMENT OF TRANSPORTATION
STANDARD DRAWING

ROADWAY LIGHTING
SUPPORT STRUCTURES
TYPE V

BASE PLATE & ANCHOR BOLT DETAILS
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TOP HEX NUT

BREAKAWAY
ANCHOR
COUPLING

ALUMINUM
SKIRT COVER

TOP OF
DRILLED SHAFT

ALUMINUM SKIRT
COVER SECTIONS

REFER TO STANDARD

FOR ANCHOR BOLT
CIRCLE DIMENSIONS.
(4 TOTAL)

SEE ANCHOR H ‘
BOLT DEMIL_H‘
i '

BREAKAWAY POLE
BASE ELEVATION

NCT TO SCALE

DESIGNED BY:JAZ DRAWN BY: RJK _CHECKED BY: M

SEE GENERAL NOTES

VARIES PER
POLE HEIGHT

SEE GENERAL NOTES

BREAKAWAY AMCHOR

CONCRETE COUPLING (TYP)

DRILLED SHAFT

SECTION A-—A:
BREAKAWAY BASE SECTION

NOT TO SCALE

47 MIN., TYP.

9 13/16"

SELF-TAPPING
SCREW (TYP)

17 MIN., TYP. |

ALUMINUM SHEET

R ELF-TAPPING
* SCREW (TYP)
9 7/8"

PLAN

T
=
ALUMINUM
/ SHEET
A—
.
W
ELEVATION =

SKIRT COVER DIMENSIONS

NOT TO SCALE

DRAWING 707L-07-5/10

GENERAL NOTES

REFER TQ STANDARD DRAWING 707L—07-5/10 FOR BASE PLATE AND ADDITIONAL

o

APPROVED FOR USE ON NMDOT PROJECTS: ;Ziz ;M
I

ANCHOR BOLT DETAILS AND REQUIREMENTS.

SKIRT COVER SHALL BE FABRICATED FROM 1/16" SHEET ALUMINUM ALLOY 3003H14.

WHEN BREAKAWAY BASES ARE SPECIFIED, EACH LIGHT

POLE SHALL BE FURNISHED WITH

FOUR (4) SKIRT COVER SECTIONS AND SIXTEEN {16) SCREWS.
THE INTENDED USE OF THE SKIRT COVER IS TO ENCLOSE THE VOID UNDER FOLES WITH

BREAKAWAY SUPPORT COUPLINGS.

SCREWS SHALL BE SELF-TAPPING #10 x 5/8" STAINLESS STEEL.

BREAKAWAY SUPPORT COUPLINGS SHALL MEET THE REQUIREMENTS N NCHRP REPORT

350, AND THE REQUIREMENTS IN 2015 {ist EDITION)

AASHTO LRFD SPECIFICATIONS FOR

STRUCTURAL SUPPORTS FOR HIGHWAY SIGNS, LUMINAIRES AND TRAFFIC SIGNALS,

SECTION 12,
WHEN BREAKAWAY BASES ARE SPECIFIED, EACH LIGHT

POLE SHALL BE FURNISHED WITH

FOUR (4) COUPLING SYSTEMS, COMPLETE WITH COUPLINGS, THREADED STUDS, WASHERS,

NUTS, AND SHIMS.

BREAKAWAY ASSEMBLY DIMENSIONS VARY PER MANUFACTURER,

INSTALL ANCHOR BOLT

PROJECTIONS ANO BASE PLATE OFFSETS IN ACCORDANCE WITH SPECIFIC BREAKAWAY

ASSEMBLY MANUFACTURER'S SPECIFICATIONS.

ALTERNATE DESIGNS OF BREAKAWAY ASSEMBLIES MAY BE APPROVED BY THE PROJECT
MANAGER, PROVIDED THEY MEET THE REQUIREMENTS HEREIN. WHEN ALTERNATE

BREAKAWAY SYSTEMS ARE UTILIZED, IT SHALL BE THE

THE CONTRACTOR'S

RESPONSIBILITY TO PROVIDE COMPATIBLE SKIRT COVERS, AND MAKE NECESSARY

ADJUSTMENTS TO ANCHOR BOLT PROJECTIONS.

. CERTIFICATION OF BOTH BREAKAWAY AND STRUCTURAL

ADEQUACY, DESIGN CALCULATIONS

AND/OR JEST DATA OF PRODUCTION SAMPLES TO SUPPORT CERTIFICATION SHALL BE

PROVIDED FOR BREAKAWAY SYSTEMS.

DATE: 3/ 5'9/ g

THIS STANDARD DRAWING IS FOR USE ON  NMDOT
PROJECTS. OTHERS WHO USE THE NMDOT STANDARD
AT THEIR OWN RISK. STANDARD
APPUCABLE TO A SPECIFIC PROJECT

(GNER WHO SPECIFIES A STANDARD ORAWING ACCEFTS
THE RESPONSIBILITY OF DETERMINING THEIR APPLICABILITY,

DATE | B DESCRIPTON

REVISIONS (OR CHANGE NOTICES)

NEW MEXICO
DEPARTMENT OF TRANSPORTATION
STANDARD DRAWING

ROADWAY LIGHTING
SUPPORT STRUCTURES

BREAKAWAY BASE DETAILS

707L—07-6/10 s of 10

Figure 3.9. New Mexico’s Response for Question 2b (5/5)




£ Fulas Oviuandiss nandipacsSes o JED Sharctur dy toa, Ser

Et-reR-0E2

26 (TYP}

GUSSET

DOUBLE ELBOW LUMINAIRE ARM DETAIL

2 % INCH O.D. ‘
Tl

10' DUAL LUMINAIRE ARM

# INCH THICK.

WIRING ACCESS
HOLE

THRU=BOLT COMMECTION
SEE LUMINAIRE ARM = POLE
CONNECTION DETAIL

10 OR 15

2% INCH 0D

[

=

=t

o

SEE DOUBLE ELBOW &

LUKINAIRE ARM DETAIL

IMCH
SCH. 80 PIPE
(2 % INCH OD)

28" (TYF)

15' DUAL LUMINAIRE ARM

5 INCH 0D x % INGH
PLATE WITH % INCH
WIRING HOLE

THRU=BOLT COMMECTION
SEE LUMINAIRE ARM =FOLE

GOMNECTION DETAIL

VERTICAL LUMINAIRE EXTENSION

N LIEU OF LUMINAIRE ARM)

LUMINAIRE
ARM

THRUSBOLT CONNECTION
SEE LUMINAIRE ARM-POLE
CONNECTION DETAIL

LUMINAIRE ARM DETAILS

SEE DOUBLE ELBOW
LUMINAIRE ARM DETAL

2XINCHOD

BOTTOM OF LUMINAIRE
ARM OR VERTICAL

LUMINAIRE EXTENSION
12)- 078 INCH
DIATHRU HOLES (2 053 INCH
Dln THRU HOLES
(2 0,56 INCH
[] OlA THRU HOLES
LUMINAIRE ARM TENON P
\ _l S
(2 1/2=13 UNG x 5 'élNcni 5
LONG HEX HEAD BOLTS
WITH LOCKNUTS /" % INCH THICK PLATE
TOP OF HIGHWAY LUMINAIRE
POLE (SEE STD DWG L. 52) OF
TOP OF LUMINAIRE EXTEN
JO RS T AN B
(SEE SL 1 SERIES STD OWG)
LUMINAIRE ARM - POLE

CONNECTION DETAIL

1. LUMINAIRE ARMS, VERTICAL EXTENSION, AND RELATED HARDWARE ARE
STATE FURNISHED MATERIALS,

2, ALL STEEL MATERIALS INCLUDING ANCHOR BOLTS ARE HOT-DIPPED
GALVANIZED, AVOID DAMAGING THE GALVANIZED FINISH OF MATERIALS
DURING TRANSPORT AND FLACEMENT. DELIVER THE STEEL TG THE POWDER
COATING FACILITY THEN TO THE PROJECT SITE IF STEEL MATERIALS ARE TO
BE POWDER COATED.

DESIGN-ONLY NOTES;

A, USE E[THER A TYPE A (250 WATT) OR TYPE B (400 WATT) LED, COORDINATE LED

TYPE WITH REGION SIGNAL ENGINEER. LEDYS ARE STATE FURNISHED MATERIALS,

B. AVERTICAL LUMINAIRE EXTEMSION MAY BE USED IN LIEU OF A
LUMINAIRE ARM T AVOID OVERHEAD CONFLICTS OR AS SPECIFIED
BY THE ENGINEER A STATE FURMISHED VERTICAL LUMINAIRE

ED TO INSTALL THE LED WHEN USING A VERTICAL

LUMINAIRE EXTENSIDN.

REVISIONS

e

e

TTe

=

UTAH DEPARTMENT OF TRANSPORTATION

STANDARD DRAWINGS FOR ROAD AND BRIDGE CONSTRUCTION

TATE

CITY, UTAH

SALT LAKE C

TANDARDE COMIMITTEE

RECTMIE NOED FOR AREROAL

EATE
—

2023 Standard Drawing_

4
o
o &
1
28 |3
e |
=
e
N
o
=k
Zuw
=
b=
26 ¢
= E
= &
=4
T H
[G]=] £
I ¢
H
STD. DWG. NO.
SL 5A

Figure 3.10. Utah’s Response for Question 2b (1/4).
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10 OR 15
ARM LENGTH

NOMINAL LUMINAIRE MOUNTING HEIGHT 30° OR 407

5§

348" OR 24

SEo

[}
TO CENTER

HIGHWAY
/_ LUMINAIRE
POLE

LIGHT POLE
IDENTIFICATION
(SEE DETAIL)
/— 4% %7 % NCH
HAND HOLE WITH
= COVER

HIGHWAY LUMINAIRE ARM
(SEE STD DWG SL 5A FOR
OPTIINS AND DETAILS)

CONMNECTION OR POLE
CAPIF MO LIGHTING

. LUMINAIRE
ARM

ANCHOR
BOLT HOLE

HAND HOLE Q
POLE ORIENTATION:
ALL ANGLES MEASURED
CLOCKWISE FROM HAND=

HOLE AS VIEWED FROM
SMALL END OF POLE

MFR D TAG —— r

FIXED BASE H\

Z

ATTOTT O LOG)

~— SLIP BASE

!

(SEE STD DWG SL 5C FOR DETAIL)

A UGHT POLE FOUNDATION ==
TOP OF FOUNDATION
FLUSH Wi FINISHED GRADE

AT i [SEE STD DWG
s Eronoraone  FIXED BASE

3 INGH MIN
COVER

16 [NGH ANCHOR
BOLT CIRCLE

SECTION

A-A

¥ INCH =13 UNG DRILLED
AND TAPPED HOLE

[EVREA e
DA THRU O
16 INCH Dla BOLT CIRCLE

FIXED BASE PLATE DETAIL

1o LIJMINU\IRE
MO. 10 WIR
MINIMUM

GROUND LUG
BREAK=OWYAY
MOLDED FUSE

GROUNDING HOLDERS

CONDUCTOR
BASE PLATE

{SEE NOTE 11}

#INCH x 10FT
COPPER COATED
STEEL GROUND ROD

RZ

1" SPACING

\— GREEN REFLECTORIZED

\— LUMINAIRE POLE

THREAD TQP & INCH

{2) HEX NUT

%1 SAND AND CEMENT
DRY PACK (GROUT}

TYPE A
JUNCTION BOX

TYPICAL ELECTRICAL CONNECTIONS

(2} STANDARD

TOP OF
FOUNDATION

RAIN TIGHT CAP
3 SERIES "C"
LEGENG (TYE) -

LEGEND ON WHITE ” el ‘ |p
BACKGROUND !

LUMINAIRE POLE —\ i

LUMINAIRE POLE
CAP DETAIL

WASHERS

1-INCH ANCHOR BOLT

HNOTES;
1. LUMINAIRE POLE ASSEMBLY CONSISTS OF A POLE, ARM, BASE, INTERNAL CONDUCTORS,

IDENTIFICATION, SPLICES, MOLDED CONNECTORS, FUSE HOLDERS, ANCHOR BOLTS,
HARDWARE AND SLIP BASE OR FIXED BASE,

2, LUMINAIRE POLE WITH BASE, LED HEADS, LUMINAIRE ARM OR VERTICAL ATTACHMENT,
ANCHOR BOLTS. AND RELATED HARDWARE ARE STATE FURNISHED ITEMS,

3. ALL STEEL MATERIALS INCLUDING ANCHOR BOLTS ARE HOTDIPPED GALVANIZED, AVOID
DAMAGING THE GALVANIZED FINISH OF MATERIALS DURING TRANSPORT AND PLACEMENT.

4. ORIENT ALL LUMINAIRE ARMSE AT RIGHT AMGLES TO THE SURVEY LINE OF ROADWAY UNLESS
OTHERWISE SPECIFIED O PLAN SHEETS. ORIENT ALL LUMINAIRE POLES SUCH THAT A
TECHNICIAN FACING THE HAND HOLE WILL FACE THE ROADWAY OR ONCOMING TRAFFIC.

5. PLUME POLE FROM THE CENTERLINE AT BASEPLATE TO THE CENTERLINE AT CONMECTION
AFTER ARM EXTENSION, LUMINAI AND ALL ELECTRICAL ACCESSORIES ARE IN PLACE.

b

LOCATE LUMINAIRE POLE BEHIND SKGNS WHEN THERE IS CONFLICT.

7. INSTALL RAIN TIGHT CAP ON LUMINAIRE POLE IF NO LUMINAIRE ARM OR VERTECAL
LUMIMAIRE ATTACHMENT WILL BE INSTALLED.

8. USE SLIP BASE ON ALL LUMINAIRE POLES EXCEPT THOSE LOCATED ON STRUCTURES
OR SPECIFIED ON PLANS, SEE STD DWG SL 5C FOR SLIP BASE DETAILS.

9. USE EPOXY COATED REBAR AND CLASS AA(AE) CONCRETE FOR ALL FOUNDATIONS,

A0, CAST ALL FOUNDATIONS IN PLACE AGAINST UNDISTURBED EARTH, DO NOT WELD
REINFORCING STEEL,

11, INSTALL DRY FACK GROUT AFTER LUMINAIRE POLE IE PLACED N FINAL POSITION, GROUT MAY
BE PLACED VERTICALLY FLUSH WITH THE BASE PLATE OR UP TO A 45 DEGREE ANGLE,

DESIGNsONLY NOTES:

A, THE DEPARTMENT ASSUMES RESPONSIBILITY FOR LUMINAIRE POLE AND LIGHTING WHEN
TRAFFIC SIGNAL OR PEDESTRIAN EQUIPMENT IS MOUNTED TO POLE. OBTAIN APPROVAL
FROM TRAFFIC AND SAFETY SIGMAL AND LIGHTING ENGINEER FOR PLACEMENT OF THIS
EQUIPMENT ON LUMINAIRE POLES,
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Figure 3.11. Utah’s Response for Question 2b (2/4).
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ag A5+
13 INCH DIA
BOLT CIRCLE
& % INCH DIA THRU H
CENTER HOLE F
i B
22 GAUGE GALVANIZED SHEET METAL ]
TO KEEF GROUT FROM SLIF BOLTS . @
¥ i
&
-
’
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!
. CLIPPED
| CORNERS i
~ T i H
\ .t w
. %2 INCH RAD i
™ . {TYP) -
- ANCHOR PLATE 13 INCH DI 7
1 ) INCH DA BOLT CIRCLE L
ASSEMBLY THRU (4 REQ'D)
= =
CEE |
POLE BASE PLATE KEEPER PLATE z 3 LA
(28 GAUGE STAINLESS STEEL) o5
Ez
q
[~
[ x5
Qo
ay
36 INCH g .
1 ¥ INCH DIA HOLE- é B2
EDGE CHAMFERRED 5>
BOTH SIDES 11k i
2k Loz
PLATE WASHER ® 2 é g
1 5
1 ¥ INGH Dl — I | R
THRU (4 REQD) N £ §§ i
4 Z =
Y g
LE g
{1+ 8 UNC x 6 % INCH LONG a5 [
BOLT WITH (1) HEX NUT. g g 2
(11 ELAT WASHER, AND PLATE WASHER  13INCH DIA u ER I A
(TYP 4 PLACES) BOLT CIRCLE o 5 N E
o o |z C
1 INCH POLE x -|E E
BASE PLATE Z 5 Ex |3
o A
E 5% |8
28 GAUGE KEEFER FLATE — | N
SLIP BASE ASSEMBLY —— |
311 SAND AND CEMENT & w
DRY PACK [GROUT) “ NOTES: o 9
— 1. PLACE ANCHOR PLATE ASSEMBLY ON ANCHOR BOLT % <
. . 16 INCH DIA BOLT CIRCLE LEVELING NUTS AND SECURE [N PLACE, S m
f
TOP OF FOUNDATION 3 INGH PVG 2. ERECT LUMINAIRE POLE AND SECURE WITH 1 INCH DIA [a]
1o \ DRAIN PIPE HIGH STRENGTH BOLTS. INSTALL BOLTS IN THE SLOTS = w
, 0 THE BOLT SHANKS ARE IN CONTACT WITH THE
22 GAUGE CALY 1 INCH DA 7] =}
SHEET METAL SLEEVE o ¢ LIGHT POLE PLATE AND ANCHOR PLATE ASSEMBLY. E 2 £
632 INCH 0D MAX 3, ALL STEEL MATERIALS INCLUDING ANCHOR BOLT =m g
ARE HOT-DIPPED GALVANIZED. AVOID DAMAGING Ta £
THE GALVANIZED FINISH OF MATERIALS DURING = H
SLIP BASE DETAIL TRANSPORT AND FLACEMENT. Q @ £
==t =ae==1 SLIP BASE ASSEMBLY SECTION A-A 4 TORQUE ALL SLIP BOLTS TO 80 FT-LBS. RELEASE AND T i
RE-TORQUE TO 70 FT-LBS. S
i
STD. DWG. NO.
SL5C

Figure 3.12. Utah’s Response for Question 2b (3/4).



0H Fules S tanddar deantipasfectio 2023 Starctar da lp, Spring

E-nh-2ed

HIGHWAY LUMINAIRE POLE

EXTENSION STUD
4 EACH REQ'D 1INCH

4 INCH COUPLING NUT

LUMINAIRE POLE BASE, | MIN LENGTH 2 % INCH
REFER TO STD DIWG SL 58
fe AND 5L 5C FOR DETAILS 2INCH PVC CONDUIT
- PROVIDE LARGE
31 SAND AND CEMENT SWEEP RADIU
DRY PACK (GROUT) D
)
)
USE CLASS AAAE) CONCRETE S
FOR FOUNDATION EXTENSION ™ Y
=
g Q
2
Bl N oo USE RISER IF JUNCTION
g DEPTH EXCEED: BOX DEPTH IS LESS
36 INCHES THAN 36 INCHES
TEINTOEXSTING CONDUIT AND — | 0 v o T |
EXTEND NEW CONDUIT ABOVE '
FOUNDATION, IF USING EXISTING EXISTING H
JUNCTION BOX. USE 1 % INCH MIN JUNCTION |
DIA PVC CONDUIT FOR EXTENSION BOX -
h
-

FOUNDATION EXTENSION DETAIL

TIE REINFORCING
HOOF T]E TO ANCHOR
BOLT EXTENSION

REINFORCEMENT DETAIL

MINIMUM 1 FT RADIUS ELBOW

TIE INTO EXISTING CIRCUIT

NOTES;
1. USE COUPLING NUTS AND EXTENSION STUDS ON EXISTING LUMINAIRE POLE FOUNDATION
FOR ANY EXTENSION HEIGHT REQUIRED.

2. PROVIDE COUPLING NUTS CONFORMING WITH ASTM A 307 SPECIFICATIONS WITH A
RINIMUNM LENGTH OF 2 % INCH COUPLING NUTS [N ACCORDANCE WITH ASTM A 123,
OR ZINC PLATED IN ACCORDANCE WITH ASTM A152,

Ll

USE 1INCH DIA EXTENSION STUDS CONFORMING TO ASTM ASOT. GALVANIZE EXTENSION
STUDS CONFORMING TO ASTM A 123 OR ZINC PLATE CONFORMING TO ASTM A 153,

&

ATTACH COUPLING NUTS TQ EXISTING ANCHOR BOLTS, INSTALL EXTENSION STUDS
TO PROVIDE 3 % INCH PROJECTION ABOVE TOP OF NEW FOOTING, EXTEND AND
PLACE CONDUIT AS SHOWN. PLACE REINFORCING STEEL AS SHOWN MEETING
ASTM A 613 GRADE 60 REQUIREMENTS, DO NOT WELD REINFORCING STEEL. FORM
AND CAST FOUNDATION EXTENSION WITH CLASS AMAE) CONCRETE.

REINSTALL BREAKAWAY SLIP BASE PLATE BOTTOM AND SPACER PLATE ON EXTENDED
ANCHOR BOLT LEVELING NUTS.

o

;

ERECT AND PLUME POLE. INSTALL SLIP BOLT SHANKS IN CONTACT WITH PLATES.
TORQUE SLIP BOLTS TO 80 FT-LBS. RELEASE AND RE=TORQUE TO 70 FT-LBS,

REINFORCING STEEL HOOP TIE

SPACING GUIDE FOR GROUT AFTER LUMINAIRE POLE IS SECURED IN FINAL POSITION.

o

RECONSTRUCT FOUNDATION EXTENSION TO A MAXIMUM OF 30 INCHES, USE EXISTING

NO. OF RINGS TO MATCH GRADE FOR A MAXIMUM JUNCTION BOX DEPTH OF 36 INCHES, INSTALL NEW
JUNCTION BOX AND CONDUIT SYSTEM AS SHOWN IF GREATER THAN 36 INCHES IN DEPTH,

RISE IN FOUNDATION CONDUIT AND JUNCTION BOX, EXTEND CONDUIT AS SHOWN, ADD JUNCTION BOX RISERS
XTENSIO

6 INCH TO 12 INCH 2
12 INCH T 30 INCH 3

=

ADJUST FULL BOXES (MOT LOCATED AT LUMIMAIRE FOLE) TO MATCH GRADE BY ADD|NG
RISERS FOR A MAXIMUM JUNCTION BOX DEPTH OF 36 INCHES, [NSTALL NEW JUNCTION BOX

TOR RING 3 INCH CONMCRETE COVER

AND CONDUIT SYSTEM AS SHOWN |F GREATER THAN 36 INCHES IN DEPTH.

e

PROVIDE NEW CONDUIT LENGTH AND CONFIGURATION NECESSARY TO COUPLE
THE EXISTING CONDUIT THROUGH FOURDATION EXTENSION.

1. REMOVE ABANDONED JUNCTION BOXES, FILL HOLE WITH LOCAL MATERIAL, AND COMPACT
TO MATCH ADJACENT GRADE.
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Figure 3.13. Utah’s Response for Question 2b (4/4).



Q3 - Do you utilize any other hardware on luminaire poles?

Table 3.4. State Responses for Question 7.

State Response

Colorado “Yes, we have different lighting standard for parking lot and
decorative lighting.”

Utah “Attachments can include radar detection with pole mounted
cabinets.”

Q3b — Please upload drawing of the hardware.



120 T0 1900
MOUNTING HEIGHT

a

ALTERNATIVE MOUNTING ASSEMBLY

—12'-0" T0 190"
MOUNTING HEIGHT

ALTERNATIVE MOUNTING ASSEMBLY

% p—
- MOUNTING HEIGHT

ALTERNATIVE MOUNTING ASSEMBLY

——]

A A 120" T0 190"
MOUNTING HEIGHT
ALTERNATIVE MOUNTING ASSENELY

ANSI C136.41 7-PIN
/ RECEPTACLE

A LOCATION, (TYR.)

LUMINAIRE. REFER TO

LUMEN OUTPUT AND
DISTRIBUTION

12
m
190 [— ROUND STRAIGHT

LUMINAIRE STEEL OR
WOUNTING ALUMINUM FOLE

HEIGHT

OPTIONAL DECORATIVE
POLE BASE
HAND HOLE

- FINAL GRADE

LIGHT STANDARD
FOUNDATION, (TYP.)
SEE S-613-1 SHEET 3

TYPE 2 PULL BOX
ADUACENT TO EACH
POLE, (TYP.)

12 FT.TO 19 FT. STANDARD

~—DECORATIVE PEDESTRIAN
SPECIFICATION 715 FOR

LUMINATRE AND LIGHT STANDARD NOTES:

1

o

% FINAL LOCATION DF THE LUMINAIRES SHALL BE APPROVED BY THE
ENGINEER.

& WHERE FOUNDATION IS LOCATED IN SIDEWALK, PAVERS OR DTHER
HARDSCAPE, THE TOP OF FOUNDATION SHALL BE FLUSH WITH THE
T0P OF THE SIDEWALK CONFORMING TO ADA REQUIREMENTS.

LUMINAIRES WITH LIGHT SOURCES RATED MORE THAN 3200
LUMENS SHALL HAVE NO UPLIGHT {UO RATING) PER IES TM-15-11

AND MOUNTED LEVEL AND PLUMB.

ALL LUMINAIRES SHALL BE EQUIPPED WITH AN ANSI C136.41 7-PIN
RECEPTACLE AND SHORTING CAP FOR WIRELESS CONTROL NOOE.

ALL LED LUMINAIRES SHALL BE 3000K NOMINAL OR LESS, PER ANSI
C78.377-2011 STANDARD AND EQUIPPED WITH A SURGE
SUPPRESSION DEVICE WITH AN IMMUNITY LEVEL OF 10kV
(MINIMUM). ALL LED LUMINAIRES SHALL BE EQUIPPED WITH A 0-10V

OR DALI DIMMING DRIVER.

LIGHT STANDARDS SHALL NOT BE PLACED IN DITCHES OR OTHER
LOW AREAS UNLESS AN ALTERNATIVE LOCATION IS NOT POSSIBLE.

1/2" THICK EXPANSION JOINT
SHALL BE INSTALLED WHERE
FOUNDATION ABUTS
CONCRETE OR OTHER FIXED
STRUCTURE. EXPANSION

JOINT MATERIAL SHALL
EXTEND THE FULL DEPTH OF
CONTACT SURFACE

LIGHT STANDARD FOUNDATION NOTES:

L. DIMENSIONS FOR THE TRANSFORMER BASE, ANCHOR BASE AND ANCHOR BOLTS
ARE VARIABLE FOR THE HEIGHT OF THE LIGHT STANDARD AND THE MAST
ARM CONFIGURATION. ALL COMPONENTS SHALL FIT AND ACCOMMODATE THE
REQUIREMENTS OF THE LIGKT STANDARD SUPPLIED.

TOP OF FOUNDATION SHALL
BE FLUSH WITH FINISHED & 2.
HARDSCAPE SURFACE.

CONCRETE SHALL BE AIR ENTRAINED CLASS BZ AND SHALL CONFORM TO
SECTION 601 FOR CONCRETE AND SECTION 602 FOR REINFORCING STEEL.

J 3. WHERE LIGHT STANDARD FOUMOATION OCCUR IN HARDSCAPE AREAS, WHERE
AN EXPOSED FOUNDATION COULD CREATE A TRIPPING HAZARD, THE TOP OF
FOUNDATION SHALL BE FLUSH TO THE FINISHED SURFACE TO MEET AD.A.

CONDUIT FOR
GROUND ROD.

REQUIREMENTS. WHERE EXPOSED LIGHT STANDARD FOUNDATION COMPLIES
WITH A.D.A REQUIREMENTS, FOUNDATION SHALL BE INSTALLED 2 INCHES
ABOVE HARDSCAPE WITH CDOT APPROVAL.

INSTALL SECOND
CONDUIT WHEN A
SPLICE BOX IS NOT

BACKFILL SHALL BE COMPACTED IN ACCORDANCE WITH SECTION
203.

POLE CAPS AND BASE PLATE COVERS (OR OPTIONAL NUT COVERS)

ARE REQUIRED.

ALL ELECTRICAL COMPOMENTS SHALL BE UL LISTED PER THE
APPROPRIATE UL REQUIREMENTS. INCLUDINC BUT NOT LIMITED TO

50BA INDUSTRIAL CONTROL PANELS.

ELECTRICAL SPLICES MAY BE MADE WITHIN THE POLE BASE OR
TRANSFORMER BASE AT EACH REGIONS DISCRETION. THE CDOT 4
PROJECT MANAGER SHALL CONFIRM WHETHER SPLICE BOXES SHALL EDGES

BE INSTALLED FOR THE PROJECT OR WHETHER SPLICES SHALL BE

MADE IN THE POLE.

POLE ASSEMBLY SHALL BE SUPPLIED IN SUFFICIENT LENGTH TO
ACCOMMODATE LUMINAIRE MOUNTING HEIGHT.

3/4" CHAMFER ALL EXPOSED

1/2 THICK EXPANSION JOINT
SHALL BE INSTALLED WHERE
FOUNDATION ABUTS CONCRETE

*LIGHT STANDARD FOUNDATION IN HARDSCAPE

INSTALLED ADJACENT
T0 THE POLE. 4. BOND {1) #4 STRANDED/INSULATED COPPER TO GROUND ROD IN PULL BOX /

SPLICE BOX AND GROUNDING LUG IN POLE BASE HAND HOLE.

5. PROVIDE 4-TERMINAL SUBMERSIBLE UNDERGROUND RATED LUG CONNECTIDNS
T0 FIT 12 AWG - #350 AWG COPPER WIRE.

FOUNDATION HEIGHT

ABOVE GRADE IS IN 6

ADDITION TO THE

REQUIRED FOUNDATION

EMBEDMENT DEPTH.

ALL PVC CONDUIT ENDS SHALL HAVE END BELLS DR MALE ADAPTOR,
THREADED TERMINAL ENDS WITH SCREW ON BUSHINC.

=~

FOUNDATION DIMENSIONS PER FOUNDATION SCHEDULE BELOW AMD AS NOTED.
LIGHT STANDARDS HIGHER THAN 50 FEET OR WITH BANNERS, PRECAST
FOUNDATION, VARYING SOIL, DR WIND CONDITIONS SHALL BE DESIGNED BY A
STRUCTURAL ENGINEER LICENSED IN THE STATE OF COLORADO.FOR DESIGN
WIND SPEEDS GREATER THAN V=I55MPH ADD AN ADDITIONAL 1'-0" TO THE
FOUNDATION DEPTH SHOWN IN THE FOUNDATION SCHEDULE BELOW.

LIGHT STANDARD FOUNDATION IN PARKING LOT

OR OTHER FIXED STRUCTURE.
EXPANSION JIINT NATERIAL
SHALL EXTEND THE FULL DEPTH .
OF CONTACT SURFACE. To—=r=) FOUNDATION SCHEDULE
1 FOUNDATION FOUNDATION
CONDUIT FOR GROUND POLE HEIBHT | *pepry DIAMETER
ROD. SV AL secow — P 24
/-CEINDU[T WHEN A SPLICE 20'- < 30" g 240
= ¢ 80X 1S NOT INSTALLED SR has o
ADJACENT TO THE POLE. o vy PSE.

P.SE. (PER STRUCTURAL ENGINEER)

WHERE LIGHT STANDARD FOUNDATIONS OCI

ARE LOCATED LESS THAN 2'-Q" BEKIND CURB, OR WHERE UNPROTECTED BY CURBS,

THE FOUNDATION SHOULD BE EXTENDED A
ADDITION TO FOUNDATION DEPTH LISTED

THE LIGHT STANDARD FROM DAMAGE AND/OR KNOCK-DOWN DUE TO VEHICLE CONTACT.

FOUNDATION DESIGN DATA:
BROMS'METHOD USING AASHTO LRFD LTS 1ST, 2015 WITH
2018 INTERIMS.

CUR TN OR ARDUND PARKING AREAS AND

MINIMUM 0F 2'-6" VERTICALLY, IN

INTHE FOUNDATION SCHEDULE, TO PROTECT THE DESIGN ASSUMES FOLLOWING SOIL PARAMETERS:
SOIL DENSITY = 110 LB/CF

SOIL COHESION = 750 LB/SQFT FOR MEDIUM STIFF
COMESIVE SOIL

SOIL ANGLE = 30° FOR MEDIUM DENSE COHESIONLESS SOIL
RESITANCE FACTOR = 0.4 FOR FLEXURE.

PARKING LOT AND DECORATIVE LIGHTING STANDARDS
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LUMINAIRES USED FOR TEMPORARY LIGHTING
r—lo"a"—ﬂ MAY VARY PER APPLICATION REQUIREMENTS.

LUMINAIRE ASSEMBLY

rDPTIDNAL TWIN
m—fEmma

RS OVERHEAD
2" WEATHER HEAD Bt e ELECTRIC
TRANSITION TO i wd,
OVERHEAD LINE ——
GROMMETED
WIRE ENTRY
RIP LINE
0l e poLe
24'-0" (MIN.) 300" {MIN.)
OVER ROADWAY ABOVE ROADWAY
2" GRC RISER CONDUIT ———| TEMPLATE SURFACE
[
200" (MIN)
. QUTSIDE ROADWAY
2HOLE 2* CONDUIT
Eby R N TEWPLATE
DN CENTER, (TYF.)
50" (MIN)
l-— FROM 0.
0R BOC.
12 (VIN.)
5 Mk 50" (MIN) OR 10X OF THE POLE HEIGHT

PLUS 2'-0", WHICHEVER IS GREATER,
EMBEDDED IN GROUND
DIRECT BURY
ELECTRIC CABLE

TEMPORARY LIGHTING NOTES

1. THE CONTRACTOR SHALL PROVICE INSTALLATION, MAINTENANCE, AND REMOVAL OF ALL TEMPORARY LIGHTING EQUIPMENT, LUMINAIRES, CONDUIT, AND
POWER SOURCES.

TEMPORARY LIGHT STANDARD SHALL BE PROTECTED.PROTECTION SHALL MEET THE RECOMMENDATIONS OF THE AASHTO ROADWAY DESIGN GUIDE.
SPEED LIMIT LESS THEN 40MPH:

- LOCATED 6 FEET (MINIMUM) FROM THE FRONT FACE OF CURB.

- MOUNTED ON BARRIER.

- LOCATED BEHIND BARRIER OR APPROPRIATE IMPACT ATTENUATOR.
SPEED LIMITS OF 40MPH OR GREATER:

- MOUNTED ON BARRIER.

- LOCATED BEHIND BARRIER.

L

TEMPORARY LIGHTING DESIGN SHALL PROVIDE LIGHTING LEVELS EQUAL TO OR EXCEEDING THE EXISTING LIGHTING LEVELS AND QUANTITY.

=

. EXISTING LUMINAIRES WHICH ARE BEING REMOVED MAY BE USED FOR TEMPORARY LIGHTING.

THE TEMPORARY LIGHT STANDARDS AND LUMINAIRES SHOULD BE LOCATED ALONG TRAFFIC DETOUR ROUTES WITH THE LUMINAIRES POSITIONED OVER
THE EDGE OF THE TRAVEL LANE.

5.

OVERHEAD ELECTRICAL CONDUCTORS SUPPLYING POWER TO THE LUMINAIRES SHALL MAINTAIN 24 FEET (MINIMUM) CLEARANCE OVER THE ROADWAY
TEMPLATE AND 20 FEET (MINIMUM) DUTSIDE THE ROADWAY TEMPLATE. OVERHEAD ELECTRICAL SHALL NOT BE MODUNTED ON BREAKAWAY POLES.

m

b

L

TEMPORARY LIGHTING SYSTEM SHALL BE PAID FOR DN A LUMP SUM BASIS WHICH INCLUDES THE LUMINAIRE, ARM, LIGHT STANDARD AND ALL
NECESSARY ELECTRICAL FOR A COMPLETE AND OPERATIONAL LIGHTING SYSTEM.

LIGHT STANDARD TIMBER (TEMPORARY)

THE POWER FOR TEMPORARY LIGHTING SHALL BE METERED. ALL UTILITY BILLS FOR TEMPORARY LIGHTING SHALL BE PAID FOR BY THE CONTRACTOR.

LUMINAIRE TYPE '8' —/; L] MAST ARM

{DUTBDARD)
COBRA HEAD STYLE LED o
LUMINAIRE INSTALLED 250"
LEVEL AND FLUMB TO |
FOUNDATION,
12" x 2" 0.D. ARM
LUMINAIRE TYPE ' (INBDARD}
COSRA HEAD STYLE LED L
LUMINAIRE INSTALLED LEVEL
AND PLUMB TO FOUNDATION,
ITS DEVICES (OPTIONAL)
L REFER TO ITS PLANS
* *
LIGHT STANDARD STEEL
3000
it
|
|
30" {MIN) |
BEHIND GUARDRAIL ||
OR 4'-0" (WIN) |
. FROM E.OF.
[ .l | !
|
| ===

CONCRETE LIGHT
STANDARD FOUNDATION
PER STRUCTURAL
ENGINEER

GUARD RAIL

CHAIN STATION LIGHTING NOTES

1. LIGHT STANDARD SETBACK WILL VARY PER SITE CONDITIONS. TWIN LUMINAIRES ON MAST ARM ARE INTENDED TO BE
CENTERED OVER TRUCK PARKING LANE BELOW AND SPACED A MINIMUM OF 120 FEET APART.PARKING LANE SHALL BE
DETERMINED BY STRIPING AND VERIFIED BY FIELD ENGINEER.

2. LIGHT STANDARD SHALL BE A MINIMUM OF 4'-0" BEHIND EDGE OF PAVEMENT WHEN INSTALLED ON A BREAKAWAY BASE
AND NOT INSTALLED BEHIND GUARDRAIL.

o3 ¢ (-

3 LUMINAIRE DPTICS ORIENTED 3 LUMINAIRE OPTICS ORIENTED
ANAY FROM MAINLINE TOWARD MAINLINE

TYPE 'B' (QUTBOARD TYPE 'A' (INBOARD,

# PROVIDE LUMINAIRE WITH HORIZONTAL SLIP FITTER FOR USE WITH 2 INCHES OUTER DIAMETER PIPE TENDN.
S LUMINAIRE DPTICS SHALL BE AIMED TOWARDS TRUCK.

LIGHT STANDARD METAL (30-F0OOT) {2 ARM) (SPEC)
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36

* o
® 1]
1Ij
12 GA STAINLESS STEEL NEWA 4 |h
HINGED COVER, 12" DEEP, ® @

ENCLOSURE WITH BACK PANEL,
OPEN BOTTOM WITH HEAVY
DUTY MOUNTING FLANGE.

PROVIDE (6)1/2" x B" (MIN.) OF
CONCRETE ANCHORS TO PAD. G F

COLOR PER PROJECT.

B,
CONCRETE © €

FOUNDATION PAD

Ol
L

CONCRETE
SUPPORT RING

TYPE 2 PULL/
SPLICE BOX

T
&5

18" (uIN)

INCOMING FEED FROM
UTILITY TRANSFORMER

REINFORCED CONCRETE
(CLASS B) FOUNDATION
PER STRUCTURAL
ENGINEER LICENSED IN
THE STATE OF
COLORADO.

COMPONENT LIST

(A) NEMA 1, SERVICE ENTRANCE RATED, SINGLE PHASE LOAD CENTERS. (SEE PANEL SCHEDULE FOR QUANTITY AND SIZE OF MAIN AND BRANCH BREAKERS).
MOUNTED INSIDE NEMA 4 ENCLOSURE.

GFCI MAINTENANCE RECEPTACLE IN A 1-GANG BACK BUX WITH COVER.

(C) 2004, 1 PH., NEWA 3R, METER HOUSING WOUNTED ON BACK SIDE OF NEMA 4 ENCLOSURE WITH LEVER BYPASS TO UTILITY COMPANY SPECIFICATIONS.
PAINT TO UATCH NEWA 4 ENCLOSURE.

@ 100A (MINIMUM AMPERAGE), 2 POLE, 250V, HEAVY DUTY, NEMA 3R, FUSED METER DISCONNECT, UL LISTED FOR SERVICE EQUIPMENT AND FRN-R FUSES AS
SHOWN ON ONE-LINE DIAGRAM WITH NEUTRAL & GROUND BARS. MOUNTED ON BACK SIDE OF NEMA 4 ENCLOSURE.PAINT TO MATCH NEMA 4 ENCLOSURE.
MAY BE OMITTED BY UTILITY COMPANY SPECIFICATIONS HOT SEQUENCE REQUIREMENTS.

% (E) 4 POLE, 304 250v ELECTRICALLY HELD LIGHTING CONTACTORS WITH 120V COILS. TWD (2) REQUIRED.
*(E) 4 PULELJO*\ FUSE BLOCKS WITH 30A, FRNR FUSES TO THE LIGHTING CONTACTORS AS REQUIRED BY UL S08A (2001 STANDARD FOR INDUSTRIAL

CONTROL PANELS). TWO (2) REQUIRED.

@ 3/4 INCH x 10 FEET LONG, COPPER-CLAD DRIVEN GROUND ROD WITH GROUND CONDUCTOR EXOTHERMIC WELD OR UNDERGROUMD RATED LUG CONNECT
GROUND CONDUCTOR TO GROUND ROD.

*® gi%ﬁ]%v’jl'rm - HAND-OFF-AUTO WITH 15A 120V CONTACTS, BACK BOX, COVER, KNDB & LEGEND AND THE PHOTOCELL CONTROL WIRED IN THE AUTOD

-*@ NEMA 3R 120V PHOTOELECTRIC CONTROL WITH 3-PRONG TWIST-LOCK RECEPTACLE BASE WIRED THROUGH THE H.0.A SWITCH. THE PHOTOELECTRIC

CONTROL SHALL BE MOUNTED ON THE NORTH SIDE ON ENCLOSURE OR WINDOW FACING NORTH OR DDWN TO MINIMIZE THE SUN'S INTERFERENCE.

(K) SURGE PROTECTION DEVICE-IOKA*IZG.’HOVAC SINGLE PHASE, 3WHC 200KAIC, PROTECTION MODES L-G, N-G, L-N OR L-L. STANDARD OPTIONS (RED &
GREEN LED'S, AUDIBLE ALARM WITH ENABLE/DISABLE FEATURE) LEA §870-00-7000 INTERNATIONAL OR’ APPROVED EQUAL.

© OPTIONAL CABINET HVAC PER ENGINEERING REQUEST. PAINT TO MATCH NEMA 4 ENCLOSURE.
@ OPTIONAL 18 INCH HIGH SKIRT PER ENGINEER REQUEST.
@ glsmg?T‘SACEWA"S - PROVIDE BRANCH CIRCUIT RACEWAY TO ALL LIGHTING FED FROM THIS LCC. SEE PLAN AND FEEDER SCHEDULE FOR SIZE AND
® TERMINAL STRIP - 600V RATED, LUGS TO ACCEPT #l - 10 AWG COPPER WITH ALL MARKING STRIP, END CAPS AND MOUNTING HAROWARE. PROVIDE
THE NUMBER OF TERMINAL POINTS AS REGUIRED, MINIMUM OF 36 POINTS,
NOTE: ALL COMPONENTS LISTED SHALL BE INCLUDED IN THE LIGHTING CONTROL CEMTER PAY ITEM. ALL ELECTRICAL COMPOMENTS SHALL BE UL LISTED

PER THE APPROPRIATE UL REQUIREMENTS. INCLUDING BUT NOT LIMITED TO 50BA INDUSTRIAL CONTROL PAMELS.
¥ ONLY REQUIRED FOR LOADS NOT CONTROLLED BY LOCAL NODES.

LIGHTING CONTROL CENTER
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CONCRETE
SUPPORT
RING

TYPE 2
PULL BOX / SPLICE BOX

[
do]
1

BRAMCH CIRCUIT CONDUIT(S) TO LIGHTING
LODADS. SEE PLAN FOR NUMBER % SIZE OF
CONDUITS AND CONDUCTORS REQUIRED

INCOMING SERVICE FEEDER FROM
UTILITY TRANSFORMER. SEE ONE-LINE

©
8'-0" APART

DIAGRAM FOR SERVICE LATERAL SIZE
AND CONDUCTORS.

® &

® 06 00ePOE PO

CABINET COMPONENT LIST

FULLY HINGED METER/TEST SECTION LOCKABLE COVER WITH HOLD DPEN ARM TO KEEP COVER FROM BLOWING SHUT PER UTILITY
SPECIFICATION. COMBINATION ALL-IN-ONE COMMERCIAL METER POWER PEDESTAL IN A NEMA 3R STAINLESS STEEL ENCLOSURE. PAINT
COLDR PER PROJECT.

UTILITY METER INSIDE NEMA 3R ENCLOSURE. METER SHALL HAVE LEVER BYPASS AND INTERNAL LOCKING TAB DN METER COVER
PER LOCAL UTILITY COWPANY SPECIFICATIONS.

GFCI MAINTENANCE RECEPTACLE FLUSH MOUNTED IN PANEL DEAD FRONT INSIDE OF THE NEMA 3R ENCLOSURE.

HAND-OFF-AUTO SWITCH - 15A-2P, H.O.A SWITCH WITH LEGEND FLUSH MOUNTED IN PANEL DEAD FRONT INSIDC OF THE NEMA 3R
ENCLOSURE.

UTILITY TERMINATION LANDING LUGS.

LOAD CENTERS WITH SERVICE MAIN AND BRAMCH BREAKERS. ENGINEER SHALL PROVIDE PANEL SCHEDULE FOR BREAKERS REQUIRED.
PROVIDE NEUTRAL TO GROUND BONDING JUMPER.

LIFT OFF SERVICE COVER WITH PAD LOCK HASP

CABINET GROUND BOND #6 BARE COPPER CONDUCTOR.

NEMA 3R 120V PHOTOELECTRIC CONTROL WITH 3-PRONG TWIST-LOCK RECEFTACLE BASE WIRED THROUGH THE H.D.A SWITCH. THE
PHOTDELECTRIC CONTROL SHALL BE MOUNTED DN THE NORTH SIDE ON ENCLOSURE OR WINDOW FACING NORTH OR DOWN TO
MINIMIZE THE SUN'S INTERFERENCE.

REINFORCED CONCRETE (CLASS B) FOUNDATION PER STRUCTURAL ENGINEER LICENSED IN THE STATE OF COLORADO. 2 INCH
(MINIMUM) ABOVE GRADE, 3/4 INCH CHAMFER ALL EXPOSED EDGES, 3 INCH (MINIMUM), 6 INCH (MAXIMUM) OVERLAP ON ALL SIDES.

3/4 INCH X 10 FEET LONG, COPPER CLAD DRIVEN GROUND ROD. EXOTHERMIC WELD OR UNDERGROUND RATED LUG CONNECT
CONDUCTOR TO GROUND ROD. (2) REQUIRED - B FEET APART (MINIMUM).

T-HANDLE, PULL-DUT FUSE HOLDER WITH FRN-R FUSES, METER DISCONMECT FOR METER PROTECTION PER UTILITY SPECIFICATION,
COLD SEQUENCE METER AND WEATHERPROOF COVER WITH TAB LOCKABLE. THIS ITEM MAY BE OMITTED BY LOCAL UTILITY
COMPANY SPECIFICATIONS HOT SEQUENCE REQUIREMENTS.

TYPICAL CABINET REQUIREMENTS:

200AMP MCB, 120/240V-1Ph-3W SERVICE ENTRANCE RATED STAINLESS STEEL, NEMA 3R, METER/ POWER PEDESTAL WITH SEPARATE
SEALABLE AND LOCKABLE CUSTOMER SECTION WITH:

1. LOAD CENTER (ENGINEER SHALL PROVIDE SCHEDULE FOR § OF CIRCUITS) FOR "ALWAYS ON" LOADS THAT INCLUDE:
(APPLIES TO STREETLIGHTS AND PEDESTRIAN LIGHTS)

SERVICE ENTRANCE M.C.B. - ENGINEER TO PROVIDE SIZE ON THE PANEL SCHEDULE.

CONTROL POWER CIRCUIT BREAKER - ENGINEER TO PROVIDE SIZE ON THE PANEL SCHEDULE.

SWITCHED LOAD CENTER MAIN BREAKER - ENGINEER TO PROVIDE ON THE PANEL SCHEDULE.

BRANCH BREAKERS AS SHOWN - ENGINEER TO PROVIDE SIZE AND QUANTITY ON THE PANEL SCHEDULE.
CIRCUIT DIRECTORY TO DOCUMENT CONFIRGURATION IN POCKET ON HINGED DOOR.

MAINTENANCE RECEPTACLE FLUSH MOUNTED IN DEAD FRONT INSIDE ENCLOSURE.

2. CONTROL CIRCUIT INCLUDING:
(ONLY APPLIES TO PEDESTRIAN LIGHTS OR OTHER LIGHTS THAT DO NOT HAVE INDIVIDUAL ANSI 7-PIN RECEPTACLES.)
PHOTOCELL RECEPTACLE, MOUNTED EXTERNALLY ON NEMA-3R ENCLDSURE.
ONE HAND-OFF-AUTO (H.0.A.) SWITCH FLUSH MOUNTED IN DEAD FRONT.
ONE LIGHTING CONTACTOR CONTROLLING ONE LOAD CENTER IN THIS SECTION.
ONE 12-CIRCUIT LOAD CENTER PHOTOCELL ON/OFF CONTROLLED.
A CIRCUIT DIRECTORY TO DDCUMENT CONFIGURATION IN POCKET ON HINGED DOOR.

NOTE:

ALL COMPONENTS LISTED SHALL BE INCLUDED IN THE LIGHTING CONTROL CENTER PAY ITEM. ALL ELECTRICAL COMPONENTS
SHALL BE UL LISTED PER THE APPROPRIATE UL REQUIREMENTS. INCLUDING BUT NOT LIMITED TO 508A INDUSTRIAL CONTROL
PANELS.

LIGHTING CONTROL CENTER (SPECIAL)
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INSTALL RAIN TIGHT CAP
OM LUMINAIRE POLES

NID MOUNTIMG BRACKET

MNONAWTRUSIVE DETECTOR

oL

STATE FURNISHED
CAMERA OR LUMINAIRE
POLE AS SHOWN

STATE FURNISHED NEMA 4%
POLE MOUNTED ENCLOSURE
AND SURGE PROTECTOR

4

DRIF LOOP

SEE STD DWG 5L 5B
FOR FOUNDATION
DETAILS

{3)-2INCH CONDUITS

CONCRETE ENCASED
GROUNDING ELECTRODE
ACCORDING TO NEC 250

MOUNTING HEIGHT 300"
OR AS OTHERWISE SHOWN

NID CABLE
Wi DRIP LOOP

T

NID CABLES TO
CONTROL CABINET

P
I
H BOND GROUND
/ WIRE TO LUG
d] STATE FURNISHED

ANCHOR BOLTS

TYPE HPC
JUNCTION BOX
SEE NOTE 3

BOND GROUND WIRE TOQ
GROUND ROD INSIDE
JUNCTION BOX TO
SUPPLY GROUNDING

10 FT x 34 INCH COPPER
COATED STEEL GROUND ROD

GROUNDING
CONNEGTED TO FOLE
CONDUCTOR AND SUPPLY GROUNDING
NID MOUNTING DETAIL

NON-LOWERING AND LUMINAIRE POLES

DO NOT INSTALL NID CABLE
WITHIN & AXIS MOUNTING BRACKET

WIRE TIE
CABLE \

DRILL AND TAP HOLE 1

INSTALL CORD GRIP

SEE NDTE_T/
CAMERA OR LUMINAIRE POLE

STATE FURNISHED
B AXIS BRACKET

STATE FURNISHED
NON-INTRUSIVE DETECTOR

DRIF LOOP

NID MOUNT ASSEMBLY DETAILS ___
NON-LOWERING AND LUMINAIRE POLES

STATE FURNISHED NEMA 4
ENCLOSURE. CABLE ENTRY TO BE
THROUGH FACTORY HOLES OMLY.

DRILL AND TAP HOLE, —=]
ISTALL CORD GRIF

BOND DIM RAIL IN BOX —

34 INCH STAINLESS —|

STEEL STRAPS INSTALL GROMMETT TO PROTECT

CABLES. STRIP CABLE SO
AS NOT TO INTERFERE WITH
INTERNAL COMPONENTS

SIGNAL POLE

SEENOTE T DRIF LOOR

POLE MOUNT ENCLOSURE DETAILS
@ CABLE ENTRY THROUGH BOTTOM

NOTES:

STATION FOLE NO MORE THAN 240 FT PERPENCICULAR DISTANCE TO FARTHEST EDGE
OF PAVEMENT.

LOCATE POLE AT STATION AMD OFFSET AS SHOWN.
REFER T STD DWG AT 7 FOR JUNCTION BOX DETAILS.

USE TYPE | PC JUNCTION BOX ON POLES USING NEMA 43 BOX, USE TYPE Il PC JUNCTION
BOX ON POLES USING MEMA 35 OR 336 POLE MOUNTED CABIMNETS.

REFER TOSTD DWG 5L 56, 5L 5C, AND 51 50 FOR LUMINAIRE POLE DETAILS.
REFER TOSTD DWG AT 114 AND AT 12 FOR CCTV POLE DETALS,

SUPPLY AND INSTALL CORD CONNECTOR SIZED APPROPRIATELY FOR WIRE. USE THOMAS
AND BETTS, REMKE OR, HUBBELL SHC1023 CORD CONNECTORS,

USE BIDE MOUNT NID BRACKET ON CAMERA LOWERING POLE, DO NOT MOUNT
NID DIRECTLY ABQVE HAND HOLE OR M THE CAMERA LOWERING PATH,

PLACE CAELES INTO POLE MOUNT NEMA 4X ENCLOSURE THROUGH BOTTOM ONLY, DO NOT
DRILL HOLES [N BACK OF ENCLOSURE,

REFER TO STANDARD SPECIFICATION 16530 FOR CONCRETE EMCASED ELECTRODE
REQUIREMENTS.

USE EPOXY SPLICE KIT IF DROP CAELE 13 TOO SHORT TO REACH CONTROL CABINET, SPLICE
NID CABLE IN JUNCTION BOX, LEAVE 6 FT OF SLACK NEATLY STORED IN JUNCTION BOX.

INSTALL NEMA 4X ENCLOSURE AND CLICK 200 SURGE PROTECTOR WHEN CONTROL CABINET
15 ACROSS THE ROADWAY FROM NID POLE.
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e
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Chapter 4. SYSTEM DETAILS

4.1. TEST ARTICLE AND INSTALLATION DETAILS

Based on the literature review, the research team selected the test article design
utilized for full-scale testing. The tests began with the heaviest pole, mast and luminaire
combination available. The results of the testing caused the subsequent tests to be
performed with lighter designs.

For test 618911-01-1, a luminaire pole 34 feet and 9 inches tall was used, with
two luminaire arms that were 15 feet long, each with a luminaire at the end. The pole
with the arms was connected to the base with four hex bolts. The assembly weighed
approximately 730 pounds.

Figure 4.1 presents the overall information on the Four Bolt Slip Base Support for
Luminaire Poles, and Figure 4.2 thru Figure 4.5 provide photographs of the installation.

For test 618911-01-2, a luminaire pole 24 feet and 10 inches tall was used . with
two luminaire arms that were 15 feet long, each with have a luminaire at the end. The
total height was approximately 30 feet. The pole with the arms was connected to the
base with four hex bolts. The assembly weighed approximately 650 pounds.

Figure 4.6 presents the overall information on the Four Bolt Slip Base Support for
Luminaire Poles, and Figure 4.7 thru Figure 4.10 provide photographs of the installation.

For test 618911-01-3, a Utah luminaire pole that was 34 feet and 9 inches tall
was used, with one luminaire arm that was 15 feet long, with a luminaire at the end. The
total height was approximately 40 feet. The arm was connected to the pole with four hex
bolts. The assembly weighed approximately 560 pounds.

Figure 4.11 presents the overall information on the Four Bolt Slip Base Support
for Luminaire Poles, and Figure 4.12 thru Figure 4.15 provide photographs of the
installation.

Appendix A provides further details on the Four Bolt Slip Base Support for
Luminaire Poles. Drawings were provided by the Texas A&M Transportation Institute
(TTI) Proving Ground, and construction was performed by Bayer Electric and TTI
Proving Ground personnel.

4.2. DESIGN MODIFICATIONS DURING TESTS

No modifications were made to the installation during the testing phase.

TR No. 618911-01-1 -3 a7 2024-12-10
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Detail A
Scale 1:10
Hardware x 2
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Figure 4.1. Details for Test 618911-01-1 of Four Bolt Slip Base Support for
Luminaire Poles.
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Figure 4.2. Four Bolt Slip Base Support for Luminaire Poles Prior to Testing
618911-01-1.

Figure 4.3. Closeup of the Base for the Four Bolt Slip Base Support for Luminaire
Poles Prior to Testing 618911-01-1.
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Figure 4.4. Luminaire Arms of Four Bolt Slip Base Support for Luminaire Poles
Prior to Testing 618911-01-1.

Figure 4.5. Base and Footer of the Four Bolt Slip Base Support for Luminaire
Poles Prior to Testing 618911-01-1.
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Figure 4.7. Four Bolt Slip Base Support for Luminaire Poles Prior to Testing
618911-01-2.

Figure 4.8. Base and Footer of the Four Bolt Slip Base Support for Luminaire
Poles Prior to Testing 618911-01-2.
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Figure 4.9. Closeup of the Base for the Four Bolt Slip Base Support for Luminaire
Poles Prior to Testing 618911-01-2.

Figure 4.10. Non-Impact Side of Four Bolt Slip Base Support for Luminaire Poles
Prior to Testing 618911-01-2.
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Figure 4.12. Four Bolt Slip Base Support for Luminaire Poles Prior to Testing
618911-01-3.

Figure 4.13. Base and Footer of the Four Bolt Slip Base Support for Luminaire
Poles Prior to Testing 618911-01-1.
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Figure 4.14. Closeup of the Base for the Four Bolt Slip Base Support for
Luminaire Poles Prior to Testing 618911-01-1.

Figure 4.15. Luminaire Arm on the Four Bolt Slip Base Support for Luminaire
Poles Prior to Testing 618911-01-1.
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4.3. MATERIAL SPECIFICATIONS

Appendix B provides material certification documents for the materials used to
install/construct the Four Bolt Slip Base Support for Luminaire Poles. Table 4.1 shows
the average compressive strengths of the concrete on the day of the first test, 2024-02-

09.
Table 4.1. Concrete Strength.
. Design Avg. . .
Location Strength Strength Age Detailed Location
Footer 4000 psi 4257 psi 27 days | 100% of Luminaire Footers
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Chapter 5. TEST REQUIREMENTS AND EVALUATION CRITERIA

5.1. CRASH TEST PERFORMED/MATRIX

Table 5.1 shows the test conditions and evaluation criteria for MASH Test 3-60
for Support Structures. The target critical impact points (CIPs) for each test were
selected to maximize interaction of the pole with the vehicle’s roof, windshield, and back
window. Tests 618911-01-1 and 618911-01-2 aligned the centerline of the vehicle with
the centerline of the pole because of the symmetry of the test article. Test 618911-01-3
offset the centerline of the vehicle from the centerline of the pole to increase the
likelihood of the asymmetric test article to roll across the roof of the vehicle. Figure 5.1
through Figure 5.3 show the target CIP for the MASH Test 3-60 tests on the Four Bolt
Slip Base Support for Luminaire Poles.

Table 5.1. Test Conditions and Evaluation Criteria Specified for MASH Test 3-60
Support Structures.

Test . Impact | Impact . o
Designation Test Vehicle Speed | Angle Evaluation Criteria
3-60 1100C 19 mi/h 0° B,D,F,HIN

0
- \mpact Direction
\'L\nslallalion and vehicle §

i

Figure 5.1. Target CIP for TEST 618911-01-1

' Installation and vehicle ¢

Figure 5.2. Target CIP for TEST 618911-01-2

TR No. 618911-01-1 -3 59 2024-12-10



/ Luminaire Pole §
/
B S
— _ 1
13"

‘\
—Test Vehicle 3

Figure 5.3. Target CIP for TEST 618911-01-3

The crash tests and data analysis procedures were in accordance with guidelines
presented in MASH. Chapter 4 presents brief descriptions of these procedures.

5.2. EVALUATION CRITERIA

The appropriate safety evaluation criteria from Tables 2-5 and 5-1 of MASH were
used to evaluate the crash tests reported herein. Table 5.1 lists the test conditions and
evaluation criteria required for MASH Test 3-60, and Table 5.2 provides detailed

information on the evaluation criteria.

Table 5.2.

Evaluation Criteria Required for MASH Testing.

Evaluation
Factors

Evaluation Criteria

B.

The test article should readily activate in a predictable
manner by breaking away, fracturing, or yielding.

D.

Detached elements, fragments, or other debris from the
test article should not penetrate or show potential for
penetrating the occupant compartment, or present
undue hazard to other traffic, pedestrians, or personnel
in a work zone. Deformations of, or intrusions into, the
occupant compartment should not exceed limits set forth
in Section 5.2.2 and Appendix E of MASH.

The vehicle should remain upright during and after
collision. The maximum roll and pitch angles are not to
exceed 75 degrees.

Occupant impact velocities (OIV) should satisfy the
following limits: Preferred value of 10 ft/s, or
maximum allowable value of 16 ft/s.

The occupant ridedown accelerations should satisfy the
following: Preferred value of 15.0 g, or maximum
allowable value of 20.49 g.

Vehicle trajectory behind the test article is acceptable.
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Chapter 6. TEST CONDITIONS

6.1. TEST FACILITY

The full-scale crash tests reported herein were performed at the TTI Proving
Ground, an International Standards Organization (ISO)/International Electrotechnical
Commission (IEC) 17025-accredited laboratory with American Association for
Laboratory Accreditation (A2LA) Mechanical Testing Certificate 2821.01. The full-scale
crash tests were performed according to TTI Proving Ground quality procedures, as well
as MASH guidelines and standards.

The test facilities of the TTI Proving Ground are located on The Texas A&M
University System RELLIS Campus, which consists of a 2000-acre complex of research
and training facilities situated 10 mi northwest of the flagship campus of Texas A&M
University. The site, formerly a United States Army Air Corps base, has large expanses
of concrete runways and parking aprons well suited for experimental research and
testing in the areas of vehicle performance and handling, vehicle-roadway interaction,
highway pavement durability and efficacy, and roadside safety hardware and perimeter
protective device evaluation. The site selected for construction and testing are along an
out-of-service apron/runway. The aprons consist of an unreinforced jointed-concrete
pavement in 12.5-ft x 15-ft blocks nominally 6 inches deep. The aprons were built in
1942, and the joints have some displacement but are otherwise flat and level.

6.2. VEHICLE TOW AND GUIDANCE SYSTEM

For the testing utilizing the 1100C vehicle, each was towed into the test
installation using a steel cable guidance and reverse tow system. A steel cable for
guiding the test vehicle was tensioned along the path, anchored at each end, and
threaded through an attachment to the front wheel of the test vehicle. An additional steel
cable was connected to the test vehicle, passed around a pulley near the impact point
and through a pulley on the tow vehicle, and then anchored to the ground such that the
tow vehicle moved away from the test site. A 2:1 speed ratio between the test and tow
vehicle existed with this system. Just prior to impact with the installation, the test vehicle
was released and ran unrestrained. The vehicle remained freewheeling (i.e., no steering
or braking inputs) until it cleared the immediate area of the test site.

6.3. DATA ACQUISITION SYSTEMS

6.3.1. Vehicle Instrumentation and Data Processing

Each test vehicle was instrumented with a self-contained onboard data
acquisition system. The signal conditioning and acquisition system is a multi-channel
data acquisition system (DAS) produced by Diversified Technical Systems Inc. The
accelerometers, which measure the x, y, and z axis of vehicle acceleration, are strain
gauge type with linear millivolt output proportional to acceleration. Angular rate sensors,
measuring vehicle roll, pitch, and yaw rates, are ultra-small, solid-state units designed

TR No. 618911-01-1 -3 61 2024-12-10



for crash test service. The data acquisition hardware and software conform to the
MASH recommended version of SAE J211, Instrumentation for Impact Test. Each of the
channels is capable of providing precision amplification, scaling, and filtering based

on transducer specifications and calibrations. During the test, data are recorded from
each channel at a rate of 10,000 samples per second with a resolution of one part in
65,536. Once data are recorded, internal batteries back these up inside the unit in

case the primary battery cable is severed. Initial contact of the pressure switch on the
vehicle bumper provides a time zero mark and initiates the recording process. After
each test, the data are downloaded from the DAS unit into a laptop computer at the test
site. The Test Risk Assessment Program (TRAP) software then processes the raw data
to produce detailed reports of the test results.

Each DAS is returned to the factory annually for complete recalibration and to
ensure that all instrumentation used in the vehicle conforms to the specifications
outlined by SAE J211. All accelerometers are calibrated annually by means of an
ENDEVCO® 2901 precision primary vibration standard. This standard and its support
instruments are checked annually and receive a National Institute of Standards
Technology (NIST) traceable calibration. The rate transducers used in the data
acquisition system receive calibration via a Genisco Rate-of-Turn table. The
subsystems of each data channel are also evaluated annually, using instruments with
current NIST traceability, and the results are factored into the accuracy of the total data
channel per SAE J211. Calibrations and evaluations are also made anytime data are
suspect. Acceleration data are measured with an expanded uncertainty of
+1.7 percent at a confidence factor of 95 percent (k = 2).

TRAP uses the DAS-captured data to compute the occupant to vehicle contact
impact velocities, time of occupant to vehicle contact after vehicle impact, and highest
10-millisecond (ms) average ridedown acceleration. TRAP calculates change in vehicle
velocity at the end of a given impulse period. In addition, maximum average
accelerations over 50-ms intervals in each of the three directions are computed. For
reporting purposes, the data from the vehicle-mounted accelerometers are filtered with
an SAE Class 180-Hz low-pass digital filter, and acceleration versus time curves for the
longitudinal, lateral, and vertical directions are plotted using TRAP.

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute
angular displacement in degrees at 0.0001-s intervals, and then plots yaw, pitch, and
roll versus time. These displacements are in reference to the vehicle-fixed coordinate
system with the initial position and orientation being initial impact. Rate of rotation data
is measured with an expanded uncertainty of 0.7 percent at a confidence factor of
95 percent (k = 2).

6.3.2. Anthropomorphic Dummy Instrumentation

An Alderson Research Laboratories Hybrid I, 50th percentile male
anthropomorphic dummy, restrained with lap and shoulder belts, was placed in the front
seat on the passenger’s side of the 1100C vehicle for tests 618911-01-1&2, and it was
placed in the front seat on the driver’s side for test 618911-01-3. The dummy was not
instrumented.

TR No. 618911-01-1 -3 62 2024-12-10



6.3.3. Photographic Instrumentation Data Processing

Photographic coverage of each test included two digital high-speed cameras:

e One placed with a field of view perpendicular to the impact path and in-line
with the point of impact

e One placed downstream from the impact point at an oblique angle to the
impact path

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape
switch to indicate the instant of contact with the test article. The flashbulb was visible
from each camera. The video files from these digital high-speed cameras were
analyzed to observe phenomena occurring during the collision and to obtain time-event,
displacement, and angular data. A digital camera recorded and documented conditions
of each test vehicle and the installation before and after the test.
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Chapter 7. MASH TEST 3-60 (CRASH TEST 618911-01-1)

7.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

See Table 7.1 for details of MASH impact conditions for this test and Table 7.2
for the exit parameters. Figure 7.1 and Figure 7.2 depict the target impact setup.

Table 7.1. Impact Conditions for MASH Test 3-60, Crash Test 618911-01-1.

Test Parameter Specification Tolerance Measured

Impact Speed 19 mi/h +2.5 mi/h 19.1 mi/h

Impact Angle 0° +1.5° 0°

Kinetic Energy 34 kip-ft <34 Kip-ft 29.8 kip-ft
Centerline of the Centerline of the

Impact Location vehicle aligned with +6 inches vehicle aligned with
the centerline of the the centerline of the
luminaire pole luminaire pole

Table 7.2. Exit Parameters for MASH Test 3-60, Crash Test 618911-01-1.

Exit Parameter

Measured

Speed

12.2 mi/h

Brakes applied post impact

Brakes not applied

Vehicle at rest position

92 ft downstream of impact point
7 ft to the right side
Vehicle positioned 5° right relative to the installation

Comments:

Vehicle remained upright and stable
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Figure 7.1. Four Bolt Slip Base Support for Luminaire Poles/Test Vehicle
Geometrics for Test 618911-01-1.

Figure 7.2. Four Bolt Slip Base Support for Luminaire Poles/Test Vehicle Impact
Location 618911-01-1.
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7.2. WEATHER CONDITIONS
Table 7.3 provides the weather conditions for 618911-01-1.

Table 7.3. Weather Conditions 618911-01-1.

Date of Test 2024-02-09
Wind Speed 9 mi/h
Wind Direction 168°
Temperature 68°F
Relative Humidity 92%
Vehicle Traveling 170°

7.3. TEST VEHICLE

Figure 7.3 and Figure 7.4 show the 2018 Nissan Versa used for the crash test.
Table 7.4 shows the vehicle measurements. Figure C.1 in Appendix C.1 gives additional
dimensions and information on the vehicle.

Figure 7.3. Impact Side of Test Vehicle before Test 618911-01-1.
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Figure 7.4. Opposite Impact Side of Test Vehicle before Test 618911-01-1.

Table 7.4. Vehicle Measurements for Test 618911-01-1.

Test Parameter Specification | Tolerance Measured
Dummy Mass (if applicable)? 165 Ib N/A 165 Ib
Inertial Mass 2420 Ib +55 Ib 2443 b
Gross Static® Mass 2585 Ib +55 Ib 2608 Ib
Wheelbase 98 inches +5 inches 102.4 inches
Front Overhang 35 inches *4 inches 32.5 inches
Overall Length 169 inches 18 inches 175.4 inches
Overall Width 65 inches +3 inches 66.7 inches
Hood Height 28 inches 14 inches 30.5 inches
Track Width® 59 inches +2 inches 58.4 inches
CG aft of Front Axle® 39 inches +4 inches 41.3 inches
CG above Ground®® N/A N/A N/A

Note: N/A = not applicable; CG = center of gravity.

a|f a dummy is used, the gross static vehicle mass should be increased by the mass of the
dummy.

b Average of front and rear axles.

¢ For test inertial mass.

d 2270P vehicle must meet minimum CG height requirement.
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7.4. TEST DESCRIPTION

Table 7.5 lists events that occurred during Test 618911-01-1. Figures C.4, C.5,
and C.6 in Appendix C.2 present sequential photographs during the test.

Table 7.5. Events during Test 618911-01-1.

Time Events

0.0000 s Vehicle impacted the installation

0.0470 s Slip base began to move

0.0530s Slip base released from base

1.7530 s Pole impacted roof of vehicle

7.5. DAMAGE TO TEST INSTALLATION

The lights released from the support arms, and the base of the pole came to rest
on the trunk of the vehicle. Figure 7.5 and Figure 7.6 show the test article post impact.

Figure 7.5. Four Bolt Slip Base Support for Luminaire Poles at Impact Location
after Test 618911-01-1.
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Figure 7.6. Luminaire Arms and Pole after Test 618911-01-1.

7.6. DAMAGE TO TEST VEHICLE

Figure 7.7 and Figure 7.8 show the damage sustained by the vehicle. Figure 7.9
and Figure 7.10 show the interior of the test vehicle. Table 7.6 and Table 7.7 provide
details on the occupant compartment deformation and exterior vehicle damage. Figures
C.2 and C.3 in Appendix C.1 provide exterior crush and occupant compartment
measurements.

Figure 7.7. Impact Side of Test Vehicle after Test 618911-01-1.
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Figure 7.9. Overall Interior of Test Vehicle after Test 618911-01-1.
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Figure 7.10. Interior of Test Vehicle on Impact Side after Test 618911-01-1.

Table 7.6. Occupant Compartment Deformation 618911-01-1.

Test Parameter Specification Measured
Roof <4.0 inches 6.3 inches
Windshield <3.0 inches 0 inches
A and B Pillars <5.0 overall/<3.0 lateral inches 0 inches
Foot Well/Toe Pan <9.0 inches 0 inches
Floor Pan/Transmission Tunnel <12.0 inches 0 inches
Side Front Panel <12.0 inches 0 inches
Front Door (above Seat) <9.0 inches 0 inches
Front Door (below Seat) <12.0 inches 0 inches

Table 7.7. Exterior Vehicle Damage 618911-01-1.

Side Windows Side windows remained intact
Maximum Exterior Deformation | 12 inches at the front bumper
VDS 12FC5

CDC 12FCAW6

Fuel Tank Damage None

Description of Damage to
Vehicle:

The bumper, grill, hood, radiator, and roof were crushed.
The front windshield was fractured, and the rear window
glass was shattered. A section of the carpet inside the
occupant compartment was ripped near the rear window.
There was a small dent in the sheet metal under the rear
windshield. There was a dent on the trunk lid and a cracked
rear spoiler.
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7.7. OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and
the results are shown in Table 7.8. Figure C.7 in Appendix C.3 shows the vehicle
angular displacements, and Figures C.8 through C.10 in Appendix C.4 show
acceleration versus time traces.

Table 7.8. Occupant Risk Factors for Test 618911-01-1.

Test Parameter Specification 2 | Measured | Time

OlV, Longitudinal <16.0 ft/s 7.3 ft/s 0.3247 seconds on front of interior
10.0 ft/s

OlV, Lateral <40.0 ft/s 0.6 ft/s 0.3247 seconds on front of interior
30.0 ft/s

Ridedown, Longitudinal <20.49¢ 139 1.4741 - 1.4841 seconds

15.0¢
Ridedown, Lateral <20.49¢ 08¢ 1.8107 - 1.8207 seconds
15.0¢

Theoretical Head Impact N/A 2.2m/s | 0.3248 seconds on front of

Velocity (THIV) interior

Acceleration Severity N/A 0.3 0.0496 - 0.0996 seconds

Index

50-ms Moving Avg.

Accelerations (MA) N/A -3.8¢ 0.0128 - 0.0628 seconds

Longitudinal

50-ms MA Lateral N/A -0.7¢ 0.1595 - 0.2095 seconds

50-ms MA Vertical N/A -2.8¢ 0.1001 - 0.1501 seconds

Roll <75° 3.9° 4.9999 seconds

Pitch <75° 1° 1.7075 seconds

Yaw N/A 0.8° 1.2330 seconds

& Values in italics are the preferred MASH values

7.8. TEST SUMMARY

Due to the 6.3 inch dent in the roof and the penetration of the base of the
luminaire pole through the back glass, this test failed to meet evaluation criteria D of
MASH for support structures. Figure 7.11 summarizes the results of MASH Test
618911-01-1.
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Figure 7.11. Summary of Results for MASH Test 3-60 on Four Bolt Slip Base Support for Luminaire Poles.



Chapter 8. MASH TEST 3-60 (CRASH TEST 618911-01-2)

8.1.

TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

See Table 8.1 for details of MASH impact conditions for this test and Table 8.2
for the exit parameters. Figure 8.1 and Figure 8.2 depict the target impact setup.

Table 8.1. Impact Conditions for MASH Test 3-60, Crash Test 618911-01-2.

Test Parameter Specification Tolerance | Measured
Impact Speed 19 mi/h +2.5mi/h | 19.1 mi/h
Impact Angle 0° +1.5° 0°
Kinetic Energy 34 kip-ft <34 kip-ft | 29.7 kip-ft
Centerline of the vehicle Centerline of the vehicle
Impact Location aligned with the centerline | £6 inches | aligned with the centerline

of the luminaire pole

of the luminaire pole

Table 8.2. Exit Parameters for MASH Test 3-60, Crash Test 618911-01-2.

Exit Parameter Measured
Speed 11.7mi/h
Brakes applied post impact 1.9 seconds

Vehicle at rest position

3 ft to the right side

52 ft downstream of impact point

Vehicle positioned 5° right relative to the installation

Comments:

Vehicle remained upright and stable
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Figure 8.1. Four Bolt Slip Base Support for Luminaire Poles/Test Vehicle
Geometrics for Test 618911-01-2.

Figure 8.2. Four Bolt Slip Base Support for Luminaire Poles/Test Vehicle Impact
Location 618911-01-2.
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8.2. WEATHER CONDITIONS
Table 8.3 provides the weather conditions for 618911-01-2.

Table 8.3. Weather Conditions 618911-01-2.

Date of Test 2024-02-09
Wind Speed 5 mi/h
Wind Direction 188°
Temperature 75°F
Relative Humidity 89%
Vehicle Traveling 170°

8.3. TEST VEHICLE

Figure 8.3 and Figure 8.4 show the 2019 Nissan Versa used for the crash test.
Table 8.4 shows the vehicle measurements. Figure D.1 in Appendix D.1 gives additional
dimensions and information on the vehicle.

Figure 8.3. Impact Side of Test Vehicle before Test 618911-01-2.
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Figure 8.4. Opposite Impact Side of Test Vehicle before Test 618911-01-2.

Table 8.4. Vehicle Measurements 618911-01-2.

Test Parameter Specification | Tolerance Measured
Dummy Mass (if applicable)? 165 |b N/A 165 Ib
Inertial Mass 2420 1b +551b 2435 1b
Gross Static? Mass 2420 1b +551b 2600 Ib
Wheelbase 98 inches +5 inches 102.4 inches
Front Overhang 35 inches *4 inches 32.5 inches
Overall Length 169 inches 18 inches 175.4 inches
Overall Width 65 inches +3 inches 66.7 inches
Hood Height 28 inches 14 inches 30.5 inches
Track Width® 59 inches +2 inches 58.4 inches
CG aft of Front Axle® 39 inches +4 inches 41 inches
CG above Ground®® N/A N/A N/A

Note: N/A = not applicable; CG = center of gravity.

a|f a dummy is used, the gross static vehicle mass should be increased by the mass of the
dummy.

b Average of front and rear axles.

¢ For test inertial mass.

d 2270P vehicle must meet minimum CG height requirement.
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8.4. TEST DESCRIPTION

Table 8.5 lists events that occurred during Test 618911-01-2. Figures D.4, D.5,
and D.6 in Appendix D.2 present sequential photographs during the test.

Table 8.5. Events during Test 618911-01-2.

Time (s) Events

0.0000 s Vehicle impacted the installation
0.0580 s Slip base began to move
0.0630s Slip base released free of base
1.4883 s Pole impacted roof of vehicle
1.7390 s Back window shattered

8.5. DAMAGE TO TEST INSTALLATION

The luminaires released from the arms and the base of the luminaire pole came
to rest 31 feet downstream. Figure 8.5 and Figure 8.6 show the damage to the Four Bolt
Slip Base Support for Luminaire Poles.

G

Figure 8.5. Test Article at Impact Location after Test 618911-01-2.
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Figure 8.6. Mast Arms after Test 618911-01-2.

8.6. DAMAGE TO TEST VEHICLE

Figure 8.7 and Figure 8.8 show the damage sustained by the vehicle. Figure 8.9
show the interior of the test vehicle. Table 8.6 and Table 8.7 provide details on the
occupant compartment deformation and exterior vehicle damage. Figures D.2 and D.3
in Appendix D.1 provide exterior crush and occupant compartment measurements.
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Figure 8.9. Interior of Test Vehicle after Test 618911-01-2.
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Table 8.6. Occupant Compartment Deformation 618911-01-2.

Test Parameter Specification Measured
Roof <4.0 inches 1.8 inches
Windshield <3.0 inches 0 inches
A and B Pillars <5.0 overall/<3.0 inches lateral | O inches
Foot Well/Toe Pan <9.0 inches 0 inches
Floor Pan/Transmission Tunnel | <12.0 inches 0 inches
Side Front Panel <12.0 inches 0 inches
Front Door (above Seat) <9.0 inches 0 inches
Front Door (below Seat) <12.0 inches 0 inches

Table 8.7. Exterior Vehicle Damage 618911-01-2.

Side Windows Side windows remained intact
Maximum Exterior Deformation | 13 inches at the front bumper
VDS 12FC5

CDC 12FCHW6

Fuel Tank Damage None

Description of Damage to
Vehicle:

The hood, bumper, grill, radiator, and cross bar support were
bent. There were two cracks at the top of the windshield, with
a 33-inch-wide x 5-inch-long x 1.8-inch-deep dent in the roof.
There was carpet ripped and two small dents inside the
vehicle occupant compartment near where the rear window
was shattered. There was a small dent on the trunk lid, and
the rear spoiler was cracked.
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8.7. OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and
the results are shown in Table 8.8. Figure D.7 in Appendix D.3 shows the vehicle
angular displacements, and Figures D.8 through D.10 in Appendix D.4 show
acceleration versus time traces.

Table 8.8. Occupant Risk Factors for Test 618911-01-2.

Test Parameter Specification 2 | Measured | Time

OlV, Longitudinal <16.0 ft/s 9.6 ft/s 0.2641 seconds on front of
10.0 ft/s interior

OlV, Lateral <40.0 ft/s 0.3 ft/s 0.2641 seconds on front of
30.0 ft/s interior

Ridedown, Longitudinal <20.49¢ 1l1g 1.5656 - 1.5756 seconds

15.0¢9
Ridedown, Lateral <20.49¢ 06¢g 1.5610 - 1.5710 seconds
15.0¢9

Theoretical Head Impact N/A 2.9 m/s 0.2640 seconds on front of

Velocity (THIV) interior

Acceleration Severity N/A 0.4 0.0565 - 0.1065 seconds

Index

50-ms Moving Avg.

Accelerations (MA) N/A -4.6¢ 0.0186 - 0.0686 seconds

Longitudinal

50-ms MA Lateral N/A 08¢ 0.0724 - 0.1224 seconds

50-ms MA Vertical N/A 2649 0.1114 - 0.1614 seconds

Roll <75° 2.3° 1.5987 seconds

Pitch <75° 1.1° 0.4705 seconds

Yaw N/A 1.8° 1.6992 seconds

a Values in italics are the preferred MASH values

8.8. TEST SUMMARY

Due to occupant compartment penetration in the back window from the test
article, this test failed to meet evaluation criteria D of MASH. Figure 8.10 summarizes
the results of MASH Test 618911-01-2.
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GENERAL INFORMATION EXIT CONDITIONS
Test Agency: Texas A&M Transportation Institute (TTI) Exit Speed: 11.7mi/h
Test Standard/Test No.: MASH 2016, Test 3-60 . . . 52 ft downstream
Project No.: 618911-01-2 Stopping Distance: 3 ft to the right side
Test Date: 2024-02-09 VEHICLE DAMAGE
TEST ARTICLE VDS: 12FC5
Type: Support Structures CDC: __ 12FCHW6
Name: Four Bolt Slip Base Support for Luminaire Poles Max Exterior Deformation: 13 inches
Length: 24 feet and 10 inches I\D/lafx OCctqpa.nt Compartment ; g i the roof
Key Materials: Steel luminaire pole, two steel luminaire arms elrormation.
Soil Type and Condition: Native soil, d ——m OCCUPANT RISK VALUES
Longitudinal OIV: 9.6 ft/s
Type/Designation: 1100C Lateral OIV: : 0.3 ft/s
Year, Make and Model: 2019 Nissan Versa Longitudinal Ridedown: 1lg
Inertial Mass: 2435 Ib Lateral Ridedown: 0.6g
Dummy Mass: 165 Ib THI\_/: 2.9 m/s
Gross Static Mass: 2600 Ib ASI: — 04
IMPACT CONDITIONS Max 50ms Longitudinal: -4.6 g
Impact Speed / Impact ] . Max 50ms Lateral: 0.8¢g
An%le P P 19.1 mi/h /0 Max 50ms Vertical: 264
Impact Location Centerline of vehicle aligned with centerline of luminaire Max Roll: _ 2-3:
Kinetic Energy 29.7 kip-ft Max Pitch: 11
Max Yaw: 1.8°
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Figure 8.10. Summary of Results for MASH Test 3-60 on Four Bolt Slip Base Support for Luminaire Poles.




Chapter 9. MASH TEST 3-60 (CRASH TEST 618911-01-3)

9.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

See Table 9.1 for details on MASH impact conditions for this test and Table 9.2
for the exit parameters. Figure 9.1 and Figure 9.2 depict the target impact setup.

Table 9.1. Impact Conditions for MASH Test 3-60, Crash Test 618911-01-3.

aligned 13 inches

to the right

Test Parameter Specification Tolerance Measured
Impact Speed 19 mi/h +2.5 mi/h 19.4 mi/h
Impact Angle 0° +1.5° 0°
Kinetic Energy 34 kip-ft <34 kip-ft 30.5 kip-ft
| oo |
Impact Location 16 inches luminaire pole aligned 13

inches to the right

Table 9.2. Exit Parameters for MASH Test 3-60, Crash Test 618911-01-3.

Exit Parameter Measured
Speed 13.3mi/h
Brakes applied post impact > 5 seconds

Vehicle at rest position

95 ft downstream of impact point
16 ft to the right side
Vehicle positioned 5° right relative to the installation

Comments:

Vehicle remained upright and stable
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Figure 9.1. Four Bolt Slip Base Support for Luminaire Poles/Test Vehicle
Geometrics for Test 618911-01-3.

TN

Figure 9.2. Four Bolt Slip Base Support for Luminaire Poles/Test Vehicle Impact
Location 618911-01-3.

TR No. 618911-01-1 - 3 86 2024-12-10



9.2. WEATHER CONDITIONS
Table 9.3 provides the weather conditions for 618911-01-3.

Table 9.3. Weather Conditions 618911-01-3.

Date of Test 2024-03-07
Wind Speed 10 mi/h
Wind Direction 164°
Temperature 76°F
Relative Humidity 73%
Vehicle Traveling 170°

9.3. TEST VEHICLE

Figure 9.3 and Figure 9.4 show the 2018 Nissan Versa used for the crash test.
Table 9.4 shows the vehicle measurements. Figure E.1 in Appendix E.1 gives additional
dimensions and information on the vehicle.

\
\

Figure 9.3. Impact Side of Test Vehicle before Test 618911-01-3.
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Figure 9.4. Opposite Impact Side of Test Vehicle before Test 618911-01-3.

Table 9.4. Vehicle Measurements 618911-01-3.

Test Parameter Specification | Tolerance Measured
Dummy Mass (if applicable)? 165 Ib N/A 165 Ib
Inertial Mass 2420 Ib +55 Ib 2428 Ib
Gross Static® Mass 2585 Ib 55 |b 2593 Ib
Wheelbase 98 inches +5 inches 102.4 inches
Front Overhang 35 inches 14 inches 32.5inches
Overall Length 169 inches 18 inches 175.4 inches
Overall Width 65 inches +3 inches 66.7 inches
Hood Height 28 inches +4 inches 30.5 inches
Track Width® 59 inches +2 inches 58.4 inches
CG aft of Front Axle® 39 inches +4 inches 41.6 inches
CG above Ground®d N/A N/A N/A

Note: N/A = not applicable; CG = center of gravity.

a|f a dummy is used, the gross static vehicle mass should be increased by the mass of the
dummy.

b Average of front and rear axles.

¢ For test inertial mass.

d 2270P vehicle must meet minimum CG height requirement.

9.4. TEST DESCRIPTION

Table 9.5 lists events that occurred during Test 618911-01-3. Figures E.2, E.3,
and E.4 in Appendix E.2 present sequential photographs during the test.
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Table 9.5. Events during Test 618911-01-3.

Time (s) Events

0.0000 s Vehicle impacted the installation

0.0470 s Slip Base began to release

1.2010 s Pole impacted roof and windshield of vehicle

1.5190 s Luminaire pole impacted rear window and began to shatter it
2.7050 s Base of luminaire pole fell to the side of the vehicle

9.5. DAMAGE TO TEST INSTALLATION

The final resting location of the base of the luminaire pole landed 40 feet
downstream and 9 feet right from the impact with the top landing upstream. The
luminaire pole released from the base and was dented at the impact point. The
luminaire also released from the arm and shattered. Figure 9.5 and Figure 9.6 show the
damage to the Four Bolt Slip Base Support for Luminaire Poles.

Figure 9.5. Four Bolt Slip Base Support for Luminaire Poles at Impact Location

after Test 618911-01-3.
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Figure 9.6. Closeup of a Mast Arm End for Four Bolt Slip Base for Luminaire
Supports after Test 618911-01-3.

9.6. DAMAGE TO TEST VEHICLE

Figure 9.7 and Figure 9.8 show the damage sustained by the vehicle. Figure 9.9
and Figure 9.10 show the interior of the test vehicle. Table 9.6 and Table 9.7 provide
details on the occupant compartment deformation and exterior vehicle damage.

Figure 9.7. Front of Test Vehicle after Test 618911-01-3.
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Figure 9.9. Overall Interior of Test Vehicle after Test 618911-01-3.
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Figure 9.10. Interior of Test Vehicle on Impact Side after Test 618911-01-3.

Table 9.6. Occupant Compartment Deformation 618911-01-3.

Test Parameter Specification Measured
Roof <4.0 inches 2.8 inches
Windshield <3.0 inches 0.0 inches
A and B Pillars <5.0 overall/<3.0 inches lateral | 0.0 inches
Foot Well/Toe Pan <9.0 inches 0.0 inches
Floor Pan/Transmission Tunnel | <12.0 inches 0.0 inches
Side Front Panel <12.0 inches 0.0 inches
Front Door (above Seat) <9.0 inches 0.0 inches
Front Door (below Seat) <12.0 inches 0.0 inches

Table 9.7. Exterior Vehicle Damage 618911-01-3.

Side Windows Side windows remained intact
Maximum Exterior Deformation | 9 inches at the front bumper
VDS 12FC4

CDC 12FCHW4

Fuel Tank Damage None

Description of Damage to
Vehicle:

The roof was damaged with a max depth of 2.8 inches. The
front windshield was cracked but no holes were present.
The back windshield was shattered but there was no
indication of occupant compartment penetration. The
bumper, grill, and hood were damaged.
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9.7. OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and
the results are shown in Table 9.8. Figure E.5 in Appendix E.3 shows the vehicle
angular displacements, and Figures E.6 through E.8 in Appendix E.4 show acceleration
versus time traces.

Table 9.8. Occupant Risk Factors for Test 618911-01-3.

Test Parameter Specification 2 | Measured | Time

OlV, Longitudinal <16.0 ft/s 8 ft/s 0.2915 seconds on front of
10.0 ft/s interior

OlV, Lateral <40.0 ft/s 2.3 ft/s 0.2915 seconds on front of
30.0 ft/s interior

Ridedown, Longitudinal <20.49¢ 09g¢g 0.6233 - 0.6333 seconds

15.0¢9
Ridedown, Lateral <20.49¢ 15¢ 2.4015 - 2.4115 seconds
15.0¢9

Theoretical Head Impact N/A 2.6 m/s 0.2945 seconds on front of

Velocity (THIV) interior

Acceleration Severity N/A 0.4 0.0439 - 0.0939 seconds

Index

50-ms Moving Avg.

Accelerations (MA) N/A -4.79 0.0145 - 0.0645 seconds

Longitudinal

50-ms MA Lateral N/A l4g 0.0057 - 0.0557 seconds

50-ms MA Vertical N/A -1.7¢ 0.0364 - 0.0864 seconds

Roll <75° 1.2° 0.2003 seconds

Pitch <75° 1.9° 1.6251 seconds

Yaw N/A 8.4° 2.9857 seconds

a Values in italics are the preferred MASH values

9.8. TEST SUMMARY
Figure 9.11 summarizes the results of MASH Test 618911-01-3.
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GENERAL INFORMATION EXIT CONDITIONS
. Test Agency: Texas A&M Transportation Institute (TTI) Exit Speed: 13.5 mi/h
o Test Standard/Test No..  MASH 2016, Test 3-60 95 ft downstream

Stopping Distance:

Project No.: 618911-01-3 16 ft to the right side
Test Date: 2024-03-07 —

vDs: 12Fca
Type: Support Structures cbC: - — 12_FCHW4
Name: Four Bolt Slip Base Support for Luminaire Poles Max Exterior Deformation: 9 inches
Length: 34 ft 9in I\D/Ian Occgpaht Compartment 2.8 inches in the roof
Key Materials: Steel luminaire pole, one steel luminaire arm eformation:
Soil Type and Condition: Native soil, d — OCCUPANT RISK VALUES
I =V S S 0110113 OV 50 s
Type/Designation: 1100C Lateral OIV: __ __ 24fis
o Year, Make and Model: 2018 Nissan Versa Longitudinal Ridedown: 099
& Inertial Mass: 2428 |b Later.al Ridedown: 15g
Dummy Mass: 1651b THI\_/' 8.1 m/s
Gross Static Mass: 2593 Ib ASL: . 0.4
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An%le P P 19.4 mi/h /0 Max 50ms Vertical: -1.7g
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Kinetic Energy 30.5 kip-ft Max Yaw: 8.4°
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o Figure 9.11. Summary of Results for MASH Test 3-60 on Four Bolt Slip Base Support for Luminaire Poles.



Chapter 10. SUMMARY AND CONCLUSIONS

10.1. ASSESSMENT OF TEST RESULTS

The three crash tests reported herein were performed in accordance with MASH
Test 3-60, on the Four Bolt Slip Base Support for Luminaire Poles.

Table 10.1 shows that the Four Bolt Slip Base Support for Luminaire Poles
evaluated in test 618911-01-3 met the performance criteria for MASH Test 3-60 Support
Structures.

Table 10.1. Assessment Summary for MASH Test 3-60 Tests on Four Bolt Slip
Base Support for Luminaire Poles.

Test Test Test
Evaluation Description 618911-01-1 618911-01-2 618911-01-3
Criteria P (MASH Test | (MASH Test3- | (MASH Test
3-60) 60) 3-60)
Test Article
Broke Away,
B Fractured, S S S
Yielded
No Penetration
D into Occupant FAIL FAIL S
Compartment
F Roll a_nd_ Pitch S S S
Limit
H OIlV Threshold S S S
Ridedown
l Threshold S S S
Vehicle
Trajectory
N Behind Test S S S
Article
Acceptable
Overall Evaluation Fail Fail Pass

Note: S = Satisfactory; N/A = Not Applicable.
1See Table 5.2 for details

10.2. CONCLUSIONS AND FUTURE RESEARCH

The luminaire pole and slip base support designed evaluated in tests 618911-01-
1 and 618911-01-2 failed to meet MASH evaluation criteria for test 3-60. The design
evaluated in test 618911-01-3 successfully met MASH evaluation criteria for test 3-60.
The low-speed small car crash test for support structures has historically been viewed
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as a critical test, as the higher speed tests are anticipated to rotate the luminaire pole
above the vehicle. However, limited MASH testing has been completed on the slip base
supports for luminaire poles. Therefore, additional MASH testing is recommended to
evaluate the high-speed impact performance of the luminaire poles with slip bases. The
results of this testing effort demonstrate the need for further research evaluating the
crashworthiness of luminaire poles and their support structures.
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APPENDIX A. DETAILS FOR TEST 618911-01-1
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Isometric View
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Keeper Plate
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APPENDIX B. DETAILS FOR TEST 618911-01-2
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Test Installation
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Traffic Direction 60
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Detail A 2
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Keeper Plate

28 gauge stainless steel
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Test Installation

M
Bolt, 1/2" x 5 1/2" hex—, § P -
A307

H
Nut, 1/2 hex pUV Ve

Detail A

Scale 1:10

Hardware x 2

Anchor Bolt

Washer, 1" F436
Nut, 1" hex
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T—Traffic Direction

15" Luminaire Arm

Slip Base
% + 34'-9"
B B
Bolt, 1" x 6" hex
ASTM A325 /
Plate Washer Nut, 1" heavy hex 40' Utah Luminaire Pole
. Washer, 1" F436
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Scale1:10
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Detail C
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Keeper Plate
28 gauge stainless steel
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

i ferracon

$ervice Date: 01/11/24 6198 Imperial Loop
Report Date: 02/08/24 College Station, TX 77845-5765
Tashk: PO# 618911-01 979-846-3767 Reg No: F-3272
Client Project
Texas Transpertation Institute Riverside Campus
Attn: Bill Griffith Riverside Campus
TT1 Business Office Bryan, TX
3135 TAMU
College Station, TX 77843-3135% Project Number: A1171057
Material Information Sample Information
Specified Strength: 4,000 psi@ 28 days Sample Date: 01/11/24 Sample Time: 1115
Sampled By: Devin Bennett
Mix ID: BCSN40500 Weather Conditions: Cloudy strong wind
Supplier: Texcrete Accumulative Yards: 10 Batch Size (cy): 10
Batch Time: 1043 Plant: Placement Method: Chute
Truck No.: Ticket No.: 87307 Water Added Before (gal): 0
} Water Added After (gal): 0
Field Test Data Sample Location: Piers
est Resulb SBecificatioy Placement Location: Piers
Slump (in): 5 Sample Description: 6-inch diameter cylinders
Air Content (%): 3.2
Concrete Temp. (F): 70
Ambient Temp. (F): 64
Plastic Unit Wt. {pcf): 154.8
Yield (Cu. Yds.):
Laboratory Test Data
Age at Max Comp
Set Spec Cyl. Avg Diam. Area Date Date Test Load Strength Frac Tested
No. ID Cond. (im) (sqin) Received Tested {days) (Ibs) {psi) Type By
1 A Good 6.00 28.27 02/07/24 27 F 123,840 4,380 1 DD
1 B Good 6.00 28.27 02/07/24 27 F 122,390 4,330 2 DD
1 C Good 6.00 28.27 02/07/24 27 F 114,720 4,060 2 DD
1 D Haold
Initial Cure: Outside Plastic Lids Final Cure: Field Cured

Comments: F = Field Cured
Note: Reported air content does nct include Aggregate Correction Factor {(ACF).

Samples Made By: Terracon

Services: Obtain samples of fresh concrete at the placement locations (ASTM C 172), perform required field tests and cast, cure, and test
compressive strength samples (ASTM C 31, € 39, C 1231).

Terracon Rep.: Devin Bennett Start/Stop: 1030-1230
Reported To: Wwill w/ TTI
Contractor: .

Report Distribution: Revi d By:
(1) Texas Transportation Institute, Bill Griffith (1) Texas Transportation Institute, Adam eviewe y:
Mayer Alssxander Dupigan, P.E.

Project Manager

Test Methods: ASTM C 31, ASTM C143, ASTM €231, ASTM C1064

The tests were performed in general accordance with applicable ASTM, AASHTO, or DOT test methods. This repaort is exclusively for the use of the client indicated above and shall not be
reproduced except in full witheut the written consent of our company. Test results transmitted herein are only applicable to the actual samples tested at the location(s) referenced and
are not necessarily indicative of the properties of other apparently similar or identical materials.

CROOOL, 3-31-22, Rev.7 Page 1 of 1
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Photo Log

Report Number:
Service Date:
Report Date:
Task:

A1171057.0287
01/11/24
02/08/24
PO# 618911-01

i ferracon

6198 Imperial Loop
College Station, TX 77845-5765
979-846-3767 Reg No: F-3272

CT0001, 10-16-13, Rev.10
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CMC STEEL TEXAS
1 STEEL MiLL DRIVE

LY Vo

CERTIFIED MILL TEST REPORT
For additional copies call

SEGUIN TX 781585-7510

800-227-6489

We hereby certify that the test results presented here
are accurate and conform to the reported grade specification

B Lt

Quality Assurance Manager

REAT NO.:3125293 S | CMC Construction Svcs College Stati S | CMC Construction Svcs College Stati Delivery#: 85640145
SECTION: REBAR 16MM (#5) 20°0™ 420/60 | O H BOL#: 75713568
GRADE: ASTM A615-22 Gr 420/60 L | 10650 State Hwy 30 | [ 10650 State Hwy 30 CUST PO#: 968874
ROLL DATE: 12/08/2023 D | College Station TX P | College Station TX CUST PIN:
MELT DATE: 09/05/2023 US 77845-7950 US 77845-7950 DLVRY LBS / HEAT: 48072.000 LB
Cert. No.: 85640145 / 125293A371 T | 979 774 5300 T | 979 774 5900 DLVRY PCS / HEAT: 2304 EA
o] (8]
Charactaristic  Value Characteristic Value Characteristic Value
C 045%
| Mn  1.03%
i P 0.010%
S 0.046%
S 0.15%
Cu 0.36%
Cr  0.05%
Ni  0.10%
Mo 0.026% The Following is true of the matesial represented by this MTR:
v 0.000% “Matenai is fully killed and is Hot Rolled Streel
Cb  0.000% 100% melted, rolled, and manulactured in the USA
Sn 0.011% CENTOZ04 2004 3 1 compiiani
Al 0.001% “Contains nc weld repair

*Contans no Morcury contammation
“Manutactured i accordance with the latest version
of the plant quahty manual
‘Meets the "Buy Amercs ” requirements of 23 CFRE35 416, 49 CFR 6617
*Warning  Thes product ¢an expose yvou to chemcals which are
known 1o the State of Califowis 1o cause cancer. bith detects
o7 ather reproductive harm. Far mare information go

10 www PESWarnings . ca.gov

REMARKS :

Page 1 OF 1 12/08/2023 10:04:27

2024-12-10
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APPENDIX E. MASH TEST 3-60 (CRASH TEST 618911-01-1)

E.1. VEHICLE PROPERTIES AND INFORMATION

Date: 2024-02-09 Test No..  618911-01-1 VIN No.. 3N1CN7AP5JL863497
Year: 2018 Make: Nissan Model:

Tire Inflation Pressure: 36 PSI Odometer: 84158 Tire Size: P185/65R15

Describe any damage to the vehicle prior to test:  None

® Denotes accelerometer location.

NOTES: None

Engine Type:  4CYL Y
Engine CID: 1.6L
Transmission Type:
Auto or Q Manual
o O rwo [ awD
Optional Equipment:
None

Dummy Data:
Type: 50th Percentile Male
Mass: 165 Ib
Seat Position: PASSENGER SIDE

Geometry: inches

A 66.70 F 3250 K 1250
B 59.60 G 0.00 L 26.00
C 17540 H 41.32 M 5830
D 40.50 | 7.00 N 5850
E 102.40 J 22,50 O 3050

Wheel Center Ht Front 11.50

—H w30 T

Wheel Center Ht Rear

4.50
24.00
16.25
7.50
64.50
11.50

U 15.50
V 2125
W 41.00
X 79.75

W-H -0.32

RAMNGE LIMIT: A =65 +3 inches, C =169 *8inches; E =98 +5inches, F =35 4 inches, H =39 +4 inches, O (Top of Radiater Support) = 28 +4 inches
(M+NY2 =58 +2 inches; VW-H < Z inches or use MASH Paragraph A4 3 2

GVWR Ratings: Mass: b Curb
Front 1750 M#ront 1444
Back 1687 Mrear 9438

Total 3389 M Total 2392

Mass Distribution:

Ib LF: 762 RF: 685

Test Inertial

14357
986
2443

Allowable TIM = 2420 |b £55 |b | Allowable GSM =25851b £ 551b

LR: 488

Gross Static
1542
1066
2608

RR: 498

Figure C.1. Vehicle Properties for Test 618911-01-1.
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Date: 2024-02-09 Test No.: ©18911-01-1 VIN No.- 3N1CN7APSJLBE3497

Year: 2018 Make: Nissan Model  Versa

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable
End Damage Side Damage

Undeformed end width Bowing:B1 X1

Corner shift: Al B2 X2
A2

End shift at frame (CDC) Bowing constant
(check one) Y1+ X2
<4 inches T B

> 4 inches

Note: Measure C; to Cg from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.

Direct Damage

Specific
Impact Plane* of Width* Max ks Field C C Cs G = Co D
Number C-Measurements (CDC) Crush I A
1 AT FRONT BUMPER 18 12 0 - - - - - - 0
2 AT FNT BUMPER 36 8 0 - - - - - - 0

Measurements recorded

inches or Dmm

1Table taken from National Accident Sampling System (NASS).

*Tdentify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., free space).

Free space value is defined as the distance between the baseline and the original body contour taken at the individual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc.
Record the value for each C-measurement and maximum crush.

M easure and document on the vehicle diagram the beginning or end of the direct damage width and field L. (e.g.,
side damage with respect to undamaged axle).

EMeasure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.

Figure C.2. Exterior Crush Measurements for Test 618911-01-1.
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3N1CN7APSJLB63497

Date:  2024-02-09 Test No.: 618911-01-1 VIN No.-
Year: 2018 Make: Nissan Model- Versa
7 OCCUPANT COMPARTMENT
il [7 e H— Y P DEFORMATION MEASUREMENT
F ) Before ~ After  Differ.
(inches)
iR ° Al 67.50 67.50 0.00
7 ™, A2 67.25 67.25 0.00
- A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B2 39.00 34.25 -4.75
B1,B2, B3, B4, B5, B6 B3 40.50 40.50 0.00
j | B4 36.25 35.25 -1.00
IXWY) &A‘z B5 36.00 29.75 595
"R &CL B6 36.25 35.25 1.00
@ il C1 26.00 26.00 0.00
c2 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 9.50 9.50 0.00
D2 0.00 0.00 0.00
I D3 9.50 9.50 0.00
E1 51.50 51.50 0.00
i EE?EQ i E2 51.00 51.00 0.00
F 51.00 51.00 0.00
G 51.00 51.00 0.00
H 37.50 37.50 0.00
| 37.50 37.50 0.00
*Lateral area across the cab from J* 21.00 31.00 0.00

driver's side kick panel to passenger’s side kick panel.

Figure C.3. Occupant Compartment Measurements for Test 618911-01-1.
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E.2. SEQUENTIAL PHOTOGRAPHS

(c) 0.550 s (d)0.825s

() 0.1.100 s (f) 1.375 s

(g) 1.650 s (h) 1.925 s
Figure C.5. Sequential Photographs for Test 618911-01-1 (Frontal Views).
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(c) 0.550 s (d) 0.825 s

() 0.1.100 s (f) 1.375 s

(9) 1.650 s (h) 1.925 s
Figure C.6. Sequential Photographs for Test 618911-01-1 (Perpendicular Views).
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E.3. VEHICLE ANGULAR DISPLACEMENTS
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Roll, Pitch and Yaw Angles

Angles (degrees)
KN

Time (s)

— Roll Pitch Yaw |

Axes are vehicle-fixed.
Sequence for determining
orientation:

1. Yaw.

2. Pitch.

3. Roll

Test Number: 618911-01-1

Test Standard Test Number: MASH Test 3-60

Test Article: Four Bolt Slip Base Support for Luminaire Poles
Test Vehicle: 2018 Nissan Versa

Inertial Mass: 2443 lbs

Gross Mass: 2608 lbs

Impact Speed: 19.1 mi/h

Impact Angle: 0°

Figure C.7. Vehicle Angular Displacements for Test 618911-01-1.
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E.4. VEHICLE ACCELERATIONS
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X Acceleration at CG
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bt e bty il . "
0- ; el k - { e

Longitudinal Acceleration ()

1

-10
0
Time (s)

| — Time of OIV (0.3247 s) —— SAE Class 60 Filter — 50-msec average |

Figure C.8. Vehicle Longitudinal Accelerometer Trace for Test 618911-01-1
(Accelerometer Located at Center of Gravity).
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Y Acceleration at CG

10

@)

M‘u‘nh o
LML AL | L e

Lateral Acceleration (g)
o

ol

-10
0

Time (s)

— Time of OV (0.3247s) —— SAECIass 60 Filter — 50-msec average

Figure C.9. Vehicle Lateral Accelerometer Trace for Test 618911-01-1
(Accelerometer Located at Center of Gravity).
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Z Acceleration at CG
40

30

20

107

N
Q

Vertical Acceleration (g)

N
o

w
)

Time (s)

—— SAEClass 60 Filter — 50-msec average

Figure C.10. Vehicle Vertical Accelerometer Trace for Test 618911-01-1
(Accelerometer Located at Center of Gravity).
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APPENDIX F. MASH TEST 3-60 (CRASH TEST 618911-01-2)

F.1. VEHICLE PROPERTIES AND INFORMATION

Date: 2024-02-09 Test No.. 618911-01-2 VIN No..  3N1CN7AP2KL875916
Year: 2019 Make: Nissan Model:

Tire Inflation Pressure: 36 PSI Cdometer: 73361 Tire Size: P185/65R15
Describe any damage to the vehicle prior to test:  None

® Denctes accelerometer location.

NOTES: None

Engine Type:  4CYL Y Y
Engine CID: 186L
Transmission Type:
Auto or |:| Manual
o O rep O awd
Opticnal Equipment: is
None 7 ]
LV
3 i
Dummy Data: | ‘
Type: 50th Percentile Male
Mass: 165 Ib . 5
Seat Position: PASSENGER SIDE -
C
Geometry: inches
A 66.70 F 3250 K 1250 P 4350 U 15.50
B 59.60 G 0.00 L 26.00 Q 24.00 V 21.25
C 175.40 H 41.00 M 5830 R 16.25 W 41.00
D 4050 | 7.00 N 5850 S 7.50 X 79.75
E 102.40 J 2250 O 3050 T 6450
Wheel Center Ht Front 11.50 Wheel Center Ht Rear 11.50 W-H 0.00
RANGE LIMIT: A =653 inches; C =168 #8inches; E =98 +5inches; F =35 4 inches; H =39 +4 inches; O (Top of Radiator Support) = 28 4 inches
(M+N¥2 =59 +2 inches, WW-H < 2 inches or use MASH Paragraph &4 3.2
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1750 Mfront 1433 1460 1545
Back 1687 Mrear 955 975 1055
Total 3388 Mrotal 2388 2435 2600
Allowable TIM = 2420 1b £55 b | Allowable GEM = 2585 b £551h
Mass Distribution:
b LF. 745 RF:. 715 LR: 510 RR: 465
Figure D.1. Vehicle Properties for Test 618911-01-2.
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Date:  2024-02-09 Test No..  618911-01-2 VIN No.- 3N1CN7AP2KL875916

Year: 2019 Make: Nissan Model:  Versa

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable
End Damage Side Damage

Undeformed end width Bowing.B1 X1

Corner shift: Al B2 = X2
A2

End shift at frame (CDC) Bowing constant
(check one) X1+ X2
< 4 inches T N

> 4 inches

Note: Measure C; to Cg from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.

Direct Damage

Specific
Impact Plane* of Width** Max++* Field € = Cs G = Ce D
Number C-Measurements (CDC) Crush Lok
1 AT FRONT BUMPER 18 13 0 - - - - - - 0
2 ABOVE FNT BUMPER 36 9 0 - - - - - - 0

Measurements recorded

inches or Dmm

1Table taken from National Accident Sampling System (NASS).

*[dentify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., free space).

Free space value is defined as the distance between the baseline and the original body contour taken at the individual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc.
Record the value for each C-measurement and maximum crush.

*\easure and document on the vehicle diagram the beginning or end of the direct damage width and field L. (e.g.,
side damage with respect to undamaged axle).

e\ leasure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.

Figure D.2. Exterior Crush Measurements for Test 618911-01-2.
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Date:  2024-02-09 Test No:  618911-012 VINNo:  3N1CN7AP2KL875916
Year: 2019 Make: Nissan Model:  Versa
OCCUPANT COMPARTMENT

CZ‘%H\A /U
I I— 7 ™~

]
=Y

B1,B2, B3, B4, B5, B6

A1, A2 &A)z

1,0p, 8 D3

QUILEE

*Lateral area across the cab from

driver's side kick panel to passenger's side kick panel.

DEFORMATION MEASUREMENT
Before After Differ.

(inches)
Al 67.50 67.50 0.00
A2 67.25 67 25 0.00
A3 B87.75 B87.75 0.00
B1 40.50 39.50 -1.00
B2 39.00 37.25 .75
B3 4050 3950 -1.00
B4 36.25 36.25 0.00
B5 36.00 35.25 0.75
B6 3625 3625 0.00
C1 26.00 26.00 0.00
co 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 9.50 950 0.00
D2 0.00 0.00 0.00
D3 9.50 9.50 0.00
E1 51.50 51.50 0.00
E2 51.00 51.00 0.00
F 51.00 51.00 0.00
G 51.00 51.00 0.00
H 37.50 37.50 0.00
[ 37.50 37.50 0.00
J* 51.00 51.00 0.00

Figure D.3. Occupant Compartment Measurements for Test 618911-01-2.
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F.2. SEQUENTIAL PHOTOGRAPHS

J

() 1.100 s (f) 1.375 s

|

(g) 1.650 s (h) 1.925 s
Figure D.5. Sequential Photographs for Test 618911-01-2 (Frontal Views).
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(c) 0.550 s (d) 0.825 s

(e) 1.100 s (f) 1.375 s

(g) 1.650 s (h) 1.925 s
Figure D.6. Sequential Photographs for Test 618911-01-2 (Perpendicular Views).
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F.3. VEHICLE ANGULAR DISPLACEMENTS
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Roll, Pitch and Yaw Angles

Angles (degrees)

0.5

Time (s)

— Roll - Pitch Y aw

Axes are vehicle-fixed.
Sequence for determining
orientation:

4. Yaw.

5. Pitch.

6. Roll

Test Number: 618911-01-2

Test Standard Test Number: MASH Test 3-60
Test Article: Four Bolt Slip Base Support for Luminaire Poles
Test Vehicle: 2019 Nissan Versa
Inertial Mass: 2435 Ibs

Gross Mass: 2600 Ibs

Impact Speed: 19.1 mi/h

Impact Angle: 0°

1.0

1.5

Figure D.7. Vehicle Angular Displacements for Test 618911-01-2.
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F.4. VEHICLE ACCELERATIONS
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X Acceleration at CG
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— Timeof OV (0.2641s) —— SAEClass 60 Filter — 50-msec average

Figure D.8. Vehicle Longitudinal Accelerometer Trace for Test 618911-01-2
(Accelerometer Located at Center of Gravity).
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Y Acceleration at CG

15
~ 10
2
c
2 |
T 5
[
©
3
f 0' AAAV‘VAV.AW =ta A"“A_ .v“"wv" bt At “’A MA_‘A‘ Al
©
2
©
—

R

-10 . . . . . . . . . . . . . . . .

0 0.5 1.0 15 2.0
Time (s)
— Time of OV (0.2641s) —— SAEClass 60 Filter — 50-msec average

Figure D.9. Vehicle Lateral Accelerometer Trace for Test 618911-01-2
(Accelerometer Located at Center of Gravity).
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Figure D.10. Vehicle Vertical Accelerometer Trace for Test 618911-01-2

(Accelerometer Located at Center of Gravity).
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APPENDIX G. MASH TEST 3-60 (CRASH TEST 618911-01-3)

G.1.

VEHICLE PROPERTIES AND INFORMATION

Date:  2024-03-07 TestNo.: 618911-01-3 VIN No.:  3N1CN7AP2JL869967
Year: 2018 Make: Nissan Model: Versa
Tire Inflation Pressure: 36 PSI Odometer: 147348 Tire Size: P185/65R15

Describe any damage to the vehicle prior to test:  None

® Denotes accelerometer location.

NOTES:. None

Engine Type:  4CYL !
Engine CID: 1.6L
Transmission Type:
Auto or Q Manual
T rwo O rwo [ awD

Optional Equipment: ? is
None 6 ‘f !
! bid
Dummy Data: ‘ p
Type: 50th Percentile Male
Mass: 165 Ib c N
Seat Position: DRIVERS SIDE X
C
Geometry: inches
A 66.70 F 3250 K 1250 P 450 U 1550
B 59.60 G 0.00 L 26.00 Q 24.00 V 21.25
C 175.40 H 41.54 M 58.30 R 16.25 W 41.50
D 40.50 | 7.00 N 58.50 8 7.50 X 79.75
E 102.40 J 2250 O 3050 T 64.50
Wheel Center Ht Front 11.50 Wheel Center Ht Rear 11.50 w-H -0.04
RANGE LIMIT: A =65 +3inches, C =169 +8inches; E= 9% +5inches; F =35 +4 inches: H =239 +4 inches; O (Top of Radiator Support) = 28 +4 inches
(M+N¥2 =59 2 inches; VW-H < 2 inches or use MASH Paragraph A4 .3 .2
GVWR Ratings: Mass: b Curb Test Inertial Gross Static
Front 1750 Mfront 1427 1443 1528
Back 1687 Mrear 982 985 1065
Total 3389 Motal 2409 2428 2593

Allowable TIW = 2420 Ib £55 Ib | Allowable GSM = 2585 Ib + 55 |b

Mass Distribution:
b LF: 747 RF: 696 LR: 495 RR: 490

Figure D.1. Vehicle Properties for Test 618911-01-3.
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Date: 2024-03-07 Test No.: 618911-01-3 VIN No.: 3N1CN7AP2JL869967
Year: 2018 Make: Nissan Model: ~ Versa
VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable
FEnd Damage Side Damage
Undeformed end width Bowing: Bl X1
Corner shift: Al B2 X2
A2
End shift at frame (CDC) Bowing constant
(check one) X1+ X2
<4 inches 2 -
= 4 inches

Note: Measure C; to Ce from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.

Direct Damage

Specific
Impact Plane™ of Width#** Max ke Field C © s G = Ce D
Number C-Measurements (CDC) Crush )
1 AT FRONT BUMPER 18 9 6 - - - - - - -7
2 AT HOOD 31 6.5 7 - - - - - - 6

Measurements recorded

inches or Dmm

1Table taken from National Accident Sampling System (NASS).

*Identify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., free space).

Free space value is defined as the distance between the baseline and the original body contour taken at the individual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc.
Record the value for each C-measurement and maximum crush.

*MN\feasure and document on the vehicle diagram the beginning or end of the direct damage width and field L (e.g.,

side damage with respect to undamaged axle).
*eiMeasure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.

Figure D.2. Exterior Crush Measurements for Test 618911-01-3.
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Date:  2024-03-07 Test No.: 618911013 VIN No.- 3N1CN7AP2JL869967

Year: 2018 Make: Nissan Model: ~ Versa
OCCUPANT COMPARTMENT
S\ — DEFORMATION MEASUREMENT
@(:)U Before  After Differ.
(inches)

' Al 67.50 67.50 0.00
S N AD 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 40.50 4050 0.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, BS, B6 B3 40.50 3950 -1.00
q B4 36.25 36.25 0.00
RWVRT B5 36.00 33.25 -2.75
1R &S &J} B6 36.25 35.75 -0.50
© Rl C1 26.00 26.00 0.00
c2 0.00 000 0.00
c3 26.00 26.00 0.00
D1 9.50 950 0.00

D2 0.00 0.00 0.00
I D3 9.50 950 0.00
E1 51.50 5150 0.00
it EEZEQ i E2 51.00 51.00 0.00
F 51.00 51.00 0.00
G 51.00 51.00 0.00
H 37.50 3750 0.00
| 37.50 3750 0.00
*_ateral area across the cab from J* 51.00 51.00 0.00

driver's side kick panel to passenger’s side kick panel.

Figure D.3. Occupant Compartment Measurements for Test 618911-01-3.
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G.2. SEQUENTIAL PHOTOGRAPHS

() 0.000 s (b) 0.275 s

(c) 0.550 s (d)0.825s

() 1.100 s (f) 1.375 s

(g) 1.650 s (h) 1.925 s
Figure D.5. Sequential Photographs for Test 618911-01-3 (Frontal Views).
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(c) 0.550 s (d) 0.825 s

(e) 1.100 s (f) 1.375 s

(g) 1.650 s (h) 1.925 s
Figure D.6. Sequential Photographs for Test 618911-01-3 (Perpendicular Views).

TR No. 618911-01-1 - 3 156 2024-12-10



G.3. VEHICLE ANGULAR DISPLACEMENTS
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Angles (degrees)

Roll, Pitch and Yaw Angles

9
8
7
6
5
4 -
3
2 -
14— S
e =
1 e
29 0.5 1.0 1.5 2.0 2.5
Time (s)
— Roll Pitch Y aw

Axes are vehicle-fixed.
Sequence for determining

orientation:
7.
8.
9.

Test Number: 618911-01-3
Test Standard Test Number: MASH Test 3-60

Test Article: Four Bolt Slip Base Support for Luminaire Poles

Yaw.
Pitch.
Roll.

Test Vehicle: 2018 Nissan Versa
Inertial Mass: 2428 Ibs
Gross Mass: 2593 |bs
Impact Speed: 19.4 mi/h

Impact Angle: 0°

Figure D.7. Vehicle Angular Displacements for Test 618911-01-3.
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G.4. VEHICLE ACCELERATIONS
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X Acceleration at CG
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Figure D.8. Vehicle Longitudinal Accelerometer Trace for Test 618911-01-3
(Accelerometer Located at Center of Gravity).

TR No. 618911-01-1 -3

160

2024-12-10

' 3.0



Y Acceleration at CG
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Figure D.9. Vehicle Lateral Accelerometer Trace for Test 618911-01-3
(Accelerometer Located at Center of Gravity).

TR No. 618911-01-1 -3 161 2024-12-10



Z Acceleration at CG
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Figure D.10. Vehicle Vertical Accelerometer Trace for Test 618911-01-3
(Accelerometer Located at Center of Gravity).
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