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Chapter 1. INTRODUCTION 

 

Luminaire poles provide illumination of the roadway for motorists. When 
traversing a bridge structure, the luminaire poles are sometimes mounted to a deck 
extension behind the bridge rail. This makes access to the anchor bolts and electrical 
hand holes challenging, which can complicate installation, maintenance, and repair.  

Another option for structure-mounted luminaire poles is to construct a mounting 
block on the field side of the bridge rail and mount the luminaire to the top of the block 
behind the bridge rail. Such a detail improves access for installation, maintenance, and 
repair, and avoids the need for deck extensions.  

In addition to being designed for service loads such as wind, structure-mounted 
luminaire poles should also be designed for vehicular impact to avoid a large pole from 
separating from the structure and becoming a hazard to motorists on or below the 
structure. Additionally, the offset of the pole should be sufficient to avoid significant 
contact and intrusion into the occupant compartment of the impacting vehicle(s).  

Criteria for testing and evaluating roadside safety features are contained in the 
American Association of State Highway and Transportation Officials (AASHTO) Manual 
for Assessing Safety Hardware (MASH), Second Edition (1). MASH describes different 
test levels of longitudinal barriers such a bridge rails. Bridge rail systems implemented 
on high-speed facilities are typically Test Level 3 (TL-3) or higher. The higher test levels 
incorporate various sizes of commercial trucks in addition to the baseline passenger 
vehicles that comprise TL-3. Bridge rails are commonly designed for Test Level 4 (TL-
4), which includes evaluation with a 22,000-lb single unit truck. TL-4 bridge rails may be 
used based on the percentage of trucks on the facility or other criteria established by 
the user agency.  

The objective of this research is to test and evaluate the impact performance of a 
luminaire pole anchored to a concrete mounting block integrally constructed behind a 
single slope traffic rail (SSTR) in accordance with MASH TL-4. The critical test for 
evaluating the strength of the pole and its anchorage, as well as the potential for 
excessive vehicle intrusion associated with vehicle-pole contact, is MASH Test 4-12. 
This report provides details of MASH Test 4-12 performed on a luminaire pole mounted 
behind a single slope traffic rail and an assessment of MASH compliance of the 
luminaire pole mounting details. 

 





 

TR No. 440863-03-1 3 2024-11-21 

Chapter 2. SYSTEM DETAILS 

2.1. TEST ARTICLE AND INSTALLATION DETAILS 

The test installation was 130 feet long and consisted of a 36-inch-tall SSTR 
anchored to an 8-inch thick, 40-inch-wide cantilevered concrete deck. A 21-inch-wide, 
21-inch-deep, and 36-inch-tall concrete block was monolithically poured onto the back 
of the barrier at a distance of 45 feet from the upstream end. A 50-foot-tall steel 
luminaire pole with a single 12-foot steel mast arm and LED luminaire was mounted 
onto the top of this concrete block behind the bridge rail. The barrier, deck, and 
luminaire mounting block were all reinforced with grade 60 rebar. Figure 2.1 presents 
overall information on the Luminaire Pole behind Single Slope Traffic Rail, and  

Figure 2.2 through Figure 2.7 provide photographs of the test installation. 
Appendix A provides further details on the Luminaire Pole behind Single Slope Traffic 
Rail. Drawings were provided by the Texas A&M Transportation Institute (TTI) Proving 
Ground based on details provided by the Texas Department of Transportation (TxDOT), 
and construction was performed by MBC Management and supervised by TTI Proving 
Ground personnel. 

2.2. DESIGN MODIFICATIONS DURING TEST 

No modifications were made to the installation during the testing phase.  
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Figure 2.1. Details of Luminaire Pole behind Single Slope Traffic Rail.
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Figure 2.2. Impact Angle on Traffic Side of Luminaire Pole behind Single Slope 
Traffic Rail Prior to Testing. 

 

Figure 2.3. Field Side of Luminaire Pole behind Single Slope Traffic Rail Prior to 
Testing. 
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Figure 2.4. Base of the Luminaire Pole behind Single Slope Traffic Rail Prior to 
Testing. 

 

Figure 2.5. In-line View of the Luminaire Pole behind Single Slope Traffic Rail 
Prior to Testing. 
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Figure 2.6. Overall View of the Luminaire Pole behind Single Slope Traffic Rail at 
Impact Prior to Testing. 

 

Figure 2.7. Field Side of the Luminaire Pole behind Single Slope Traffic Rail Prior 
to Testing. 
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2.3. MATERIAL SPECIFICATIONS  

Appendix B provides material certification documents for the materials used to 
install/construct the Luminaire Pole behind Single Slope Traffic Rail. Table 2.1 shows 
the average compressive strength of the concrete used in the test installation on the day 
of the test (2023-06-22). 

Table 2.1. Concrete Strength. 

Location 
Design 

Strength 
(psi) 

Avg. 
Strength 

(psi) 

Age 
(days) 

Detailed Location 

Wall 4000 4447 17 Downstream 100 feet of the wall. 

Deck 4000 4297 17 Downstream 100 feet of the deck. 

Deck and 
Wall 

4000 3953 17 Remainder of deck and wall. 

Barrier and 
Mounting 
Block 

3600 3363 7 

A complete 40-foot section of the 
barrier was poured starting at the 
upstream end of the barrier, then 
50 percent of the barrier was poured 
over the next 70 feet. This section 
included the mounting block. 

Barrier and 
Mounting 
Block 

3600 3667 7 

The remaining half of the 70-foot 
section of barrier from the previous 
pour, including the mounting block, 
and 100 percent of the last 20 feet of 
the barrier on the downstream end. 
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Chapter 3. TEST REQUIREMENTS AND EVALUATION CRITERIA  

3.1. CRASH TEST CONDITIONS 

Table 3.1 shows the test conditions and evaluation criteria for MASH Test 4-12 
for longitudinal barriers. The target critical impact point (CIP) for the test was 
determined through film analysis of a previous MASH Test 4-12 into a 36-inch-tall 
SSTR (2). The distance from the luminaire pole was selected to maximize interaction 
with the single unit truck. Figure 3.1 shows the target CIP for MASH Test 4-12 test on 
the Luminaire Pole behind Single Slope Traffic Rail. 

Table 3.1. Test Conditions and Evaluation Criteria Specified for MASH Test 4-12 
Longitudinal Barrier. 

Test 
Designation 

Test Vehicle 
Impact 
Speed 

Impact 
Angle Evaluation Criteria 

4-12 10000S 56 mi/h 15º A, D, G  

 

Figure 3.1. Target CIP for MASH Test 4-12 Test on Luminaire Pole behind Single 
Slope Traffic Rail. 

The MASH TL-4 test matrix also recommends performing Test 4-10 with the 
1100C passenger car and Test 4-11 with the 2270P pickup truck. However, based on 
the acceptable impact performance of a single-slope barrier of similar profile in previous 
testing with both design passenger vehicles, these tests were not considered necessary 
(3, 4). Based on the vehicle working width observed in these tests, neither vehicle would 
interact with the luminaire pole based on the height of the bridge rail and the offset of 
the pole assembly from the field side edge of the barrier.*   

 
* The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI 
Proving Ground’s A2LA Accreditation. 
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The crash test and data analysis procedures were in accordance with guidelines 
presented in MASH. Chapter 4 presents brief descriptions of these procedures. 

3.2. EVALUATION CRITERIA 

The appropriate safety evaluation criteria from Tables 2.2 and 5.1 of MASH were 
used to evaluate the crash test reported herein. Table 3.1 lists the test conditions and 
evaluation criteria required for MASH Test 4-12, and Table 3.2 provides detailed 
information on the evaluation criteria. 

Table 3.2. Evaluation Criteria Required for MASH Testing. 

Evaluation 
Factors 

Evaluation Criteria 

A. Test article should contain and redirect the vehicle or 
bring the vehicle to a controlled stop; the vehicle should 
not penetrate, underride, or override the installation 
although controlled lateral deflection of the test article is 
acceptable. 

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. 

G. It is preferable, although not essential, that the vehicle 
remain upright during and after the collision. 

 



 

TR No. 440863-03-1 11 2024-11-21 

Chapter 4. TEST CONDITIONS 

4.1. TEST FACILITY 

The full-scale crash test reported herein was performed at the TTI Proving 
Ground, an International Standards Organization (ISO)/International Electrotechnical 
Commission 17025-accredited laboratory with American Association for Laboratory 
Accreditation (A2LA) Mechanical Testing Certificate 2821.01. The full-scale crash test 
was 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 
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 of the 
Luminaire Pole behind Single Slope Traffic Rail was along the edge of an out-of-service 
apron. The apron consists of an unreinforced jointed-concrete pavement in 12.5-ft × 
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. 

4.2. VEHICLE TOW AND GUIDANCE SYSTEM 

The 10000S vehicle 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 around 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 into the test installation. The vehicle remained freewheeling (i.e., no 
steering or braking inputs) until it cleared the immediate area of the test site. 

4.3. DATA ACQUISITION SYSTEMS 

4.3.1. Vehicle Instrumentation and Data Processing 

The 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, 
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measuring vehicle roll, pitch, and yaw rates, are ultra-small, solid-state units designed 
for crash test service. The data acquisition hardware and software conform to the latest 
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 onto 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/compartment 
impact velocities, time of occupant/compartment impact after vehicle impact, and 
highest 10˗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).  

4.3.2. Anthropomorphic Dummy Instrumentation 

MASH does not recommend or require use of a dummy in the 10000S vehicle, 
and no dummy was placed in the vehicle for this test.  
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4.3.3. Photographic Instrumentation Data Processing 

Photographic coverage of the test included three digital high-speed cameras: 

• One located overhead with a field of view perpendicular to the ground and 
directly over the impact point. 

• One placed upstream from the installation at an angle to have a field of view 
of the interaction of the rear of the vehicle with the installation.  

• One placed with a field of view parallel to and aligned with the installation at 
the downstream end. 

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape 
switch to indicate the instant of contact with the Luminaire Pole behind Single Slope 
Traffic Rail. 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. 

 
 





 

TR No. 440863-03-1 15 2024-11-21 

Chapter 5. MASH TEST 4-12 (CRASH TEST 440863-03-1) 

5.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

See Table 5.1 for details on MASH impact conditions for this test and Table 5.2 
for the exit parameters. Figure 5.1 and Figure 5.2 depict the target impact setup. 

Table 5.1. Impact Conditions for MASH TEST 4-12, Crash Test 440863-03-1. 

Test Parameter Specification Tolerance Measured 

Impact Speed (mi/h) 56 ± 2.5 mi/h 54.4 

Impact Angle (deg) 15 ± 1.5° 15.0 

Impact Severity (kip-ft) 106 ≥ 106 kip-ft 146.5 

Impact Location  

30 ft upstream 
from centerline of 
luminaire, on top 
traffic side edge of 
barrier  

± 1 ft 
29 ft 5.2 inches upstream 
from centerline of 
luminaire pole  

Table 5.2. Exit Parameters for MASH TEST 4-12, Crash Test 440863-03-1. 

Exit Parameter Measured 

Speed (mi/h) 
Not measurable, vehicle exited the installation out of frame 
of the overhead camera 

Trajectory (deg) Along the barrier 

Heading (deg) Along the barrier 

Brakes applied post impact (s) 2.1 

Vehicle at rest position 
269 ft downstream of impact point 
3 ft to the traffic side 
0° downstream 

Comments:  Vehicle remained upright and stable. 

The box of the single unit truck snagged the luminaire pole, 
causing the box to deform significantly and pull off the truck 
frame.  
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Figure 5.1. Luminaire Pole behind Single Slope Traffic Rail/Test Vehicle 
Geometrics for Test 440863-03-1. 

 

Figure 5.2. Luminaire Pole behind Single Slope Traffic Rail/Test Vehicle Impact 
Location 440863-03-1. 
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5.2. WEATHER CONDITIONS 

Table 5.3 provides the weather conditions for 440863-03-1. 

Table 5.3. Weather Conditions 440863-03-1. 

Date of Test 2023-06-22  

Wind Speed (mi/h) 3.3 

Wind Direction (deg) 67 

Temperature (°F) 87 

Relative Humidity (%) 70 

Vehicle Traveling (deg) 185 

5.3. TEST VEHICLE  

Figure 5.3 and Figure 5.4 show the 2011 International 4300 used for the crash 
test. Table 5.4 shows key vehicle measurements. Figure C.1 in Appendix C.1 gives 
additional dimensions and information on the vehicle. 

 

Figure 5.3. Impact Side of Test Vehicle before Test 440863-03-1. 
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Figure 5.4. Opposite Impact Side of Test Vehicle before Test 440863-03-1. 

Table 5.4. Vehicle Measurements 440863-03-1. 

Test Parameter MASH 
Allowed 

Tolerance 
Measured 

Dummy (if applicable)a (lb) 165 N/A N/A 

Curb Weight (lb) 13200 ± 2200 lb 13030 

Test Inertial Weight (lb) 22046 ± 660 lb 22110 

Wheelbase (inches) 240 ≤ 240 inches 204.7 

Overall Length (inches) 394 ≤ 394 inches 331.7 

Cargo Bed Height (inches) i 49 ± 2 inches 50.5 

CG of Ballast above Grounde 

(inches) 
63 ± 2 inches 63.0 

Note: N/A = not applicable; CG = center of gravity. 
a If a dummy is used, the gross static vehicle mass should be increased by the mass of the 
dummy. 
i Without ballast. 
e See section 4.2.1.2 in MASH 2016 for recommended ballasting procedures. 
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5.4. TEST DESCRIPTION 

Table 5.5 lists events that occurred during Test 440863-03-1. Figures C.4, C.5, 
and C.6 in Appendix C.2 present sequential photographs during the test. 

Table 5.5. Events during Test 440863-03-1. 

Time (s) Events 

0.0000 Vehicle tire impacted the installation 

0.0180 Flash bulb was activated due to the bumper’s contact with the installation 

0.0490 Vehicle began to redirect 

0.1680 Box of the vehicle began to lean towards the field side 

0.2930 Vehicle parallel with installation 

0.4420 Impact side top of door frame of test vehicle impacted the pole 

0.4840 Box of the vehicle impacted the pole 

0.4890 Luminaire pole began to deflect downstream 

1.3350 Vehicle exited the installation 

5.5. DAMAGE TO TEST INSTALLATION 

The concrete traffic barrier had a 7-ft gouge beginning near the impact point. The 
luminaire light pole was leaning 14 degrees downstream from vertical.  

Table 5.6 describes the deflection and working width of the Luminaire Pole 
behind Single Slope Traffic Rail. Figure 5.5 and Figure 5.6 show the damage to the 
Luminaire Pole behind Single Slope Traffic Rail. 

Table 5.6. Deflection and Working Width of the Luminaire Pole behind Single 
Slope Traffic Rail for Test 440863-03-1. 

Test Parameter Measured 

Permanent Deflection/Location 0 inches 

Dynamic Deflection 0 inches 

Working Width a and Height 
57.9 inches, at a height of 123.2 inches, at the back left 
corner of the box at impact with the luminaire pole 

a Per MASH, “The working width is the maximum dynamic lateral position of any major part of the system 
or vehicle. These measurements are all relative to the pre-impact traffic face of the test article.” In other 
words, working width is the total barrier width plus the maximum dynamic intrusion of any portion of the 
barrier or test vehicle past the field side edge of the barrier. 
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Figure 5.5. Perpendicular View of Luminaire Pole behind Single Slope Traffic Rail 
at Impact Location after Test 440863-03-1. 

 

Figure 5.6.Traffic Side View of the Damage to the Base of the Luminaire Pole after 
Test 440863-03-1. 

5.6. DAMAGE TO TEST VEHICLE 

Figure 5.7 and Figure 5.8 show the damage sustained by the vehicle. Figure 5.9 
and Figure 5.10 show the interior of the test vehicle. Table 5.7 and Table 5.8 provide 
details on the occupant compartment deformation and exterior vehicle damage. 
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Figures C.2 and C.3 in Appendix C.1 provide exterior crush and occupant compartment 
measurements. 

 

Figure 5.7. Impact Side of Test Vehicle after Test 440863-03-1. 

 

Figure 5.8. Rear Impact Side of Test Vehicle after Test 440863-03-1. 
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Figure 5.9. Overall Interior of Test Vehicle after Test 440863-03-1. 

 

Figure 5.10. Interior of Test Vehicle on Impact Side after Test 440863-03-1. 
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Table 5.7. Occupant Compartment Deformation 440863-03-1. 

Test Parameter Specification Measured 

Roof ≤ 4.0 inches 0.0 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 7.0 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 5.8. Exterior Vehicle Damage 440863-03-1. 

Side Windows Side windows remained intact. 

Maximum Exterior 
Deformation 

14 inches in the left fender.  

VDS 11LFQ7. 

CDC 01FLWH3. 

Fuel Tank Damage None. 

Description of Damage to 
Vehicle:   

The left front bumper, grill, left front headlight, left fender, left 
front wheel, left front tire, left side mirror, left door, top left 
side, top of box, steps, air tanks, and the left rear outer tire 
and wheel were damaged. There was a 3-inch-wide × 4-inch-
long × 1-inch-deep dent on the top of the door frame on 
impact side. The top and sides of the box were pulled off. The 
floorplan had a 2-ft-long and 7-inch-high separation at a seam. 
The seam separation in the floor pan of the vehicle was not 
caused by intrusion of the test article, but due to the flexing of 
the vehicle during the crash. 

5.7. OCCUPANT RISK FACTORS 

Data from the accelerometers were digitized for evaluation of occupant risk for 
information purposes, and the results are shown in Table 5.9. 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.  
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Table 5.9. Occupant Risk Factors for Test 440863-03-1. 

Test Parameter Measured Time 

OIV, Longitudinal (ft/s) 6.4 0.1850 seconds on the left side of 
interior 

OIV, Lateral (ft/s) 10.5 0.1850 seconds on the left side of 
interior 

Ridedown, Longitudinal (g) 4.5 0.4733–0.4833 seconds 

Ridedown, Lateral (g) 5.5 0.2929–0.3029 seconds 

THIV (m/s) 3.9 0.1785 seconds on left side of interior 

ASI 0.5 0.1010–0.1510 seconds 

50-ms MA Longitudinal (g) −1.8 0.0651–0.1151 seconds 

50-ms MA Lateral (g) 4.2 0.0819–0.1319 seconds 

50-ms MA Vertical (g) −3.2 1.1993–1.2493 seconds 

Roll (deg) 33.0 0.6644 seconds 

Pitch (deg) 7.2 0.7783 seconds 

Yaw (deg) 17.9 0.5607 seconds 
a Values in italics are the preferred MASH values. 

5.8. TEST SUMMARY  

Figure 5.11 summarizes the results of MASH Test 440863-03-1.
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0.000 s 

Test Agency Texas A&M Transportation Institute (TTI) 

Test Standard/Test No. MASH 2016, Test 4-12  

TTI Project No. 440863-03-1 

Test Date 2023-06-22 

TEST ARTICLE 

Type Longitudinal Barrier 

Name Luminaire Pole behind Single Slope Traffic Rail 

[Length Spec] 130 ft 

Key Materials 
Steel luminaire pole, reinforced concrete bridge rail, mounting 
block, and deck 

0.100 s 

Soil Type and Condition Concrete, damp 

TEST VEHICLE 

Type/Designation 10000S 

Year, Make and Model 2011 International 4300 

Curb (lb) 13030 

Inertial Weight (lb) 22110 

IMPACT CONDITIONS 

0.200 s 

Impact Speed (mi/h) 54.4 

Impact Angle (deg) 15.0 

Impact Location 
The bumper impacted 29 ft 5.2 inches upstream from centerline 
of the luminaire pole.  

Impact Severity (kip-ft) 146.5 

EXIT CONDITIONS 

Exit Speed (mi/h) Not measurable, out of frame  

Trajectory/Heading Angle (deg) Along barrier 

Stopping Distance  
269 ft downstream  

3 ft to the traffic side 

TEST ARTICLE DEFLECTIONS  

0.300 s 

Barrier Dynamic (inches)  0 

Barrier Permanent (inches) 0 

Working Width / Height (inches) 57.86 / 123.18 

VEHICLE DAMAGE 

VDS 11LFQ7 

CDC 01FLWH3 

Max. Ext. Deformation (inches) 14 

Max Occupant Compartment 
Deformation 

7 on left front side of floor pan, in location of seam separation 

OCCUPANT RISK VALUES 

Long. OIV (ft/s) 6.4 Long. Ridedown (g) 4.5 Max 50-ms Long. (g) −1.8 Max Roll (deg) 33.0 

Lat. OIV (ft/s) 10.5 Lat. Ridedown (g) 5.5 Max 50-ms Lat. (g) 4.2 Max Pitch (deg) 7.2 

THIV (m/s) 3.9 ASI 0.5 Max 50-ms Vert. (g) −3.2 Max Yaw (deg) 17.9 

 

 

Figure 5.11. Summary of Results for MASH Test 4-12 on Luminaire Pole behind 
Single Slope Traffic Rail.  
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Chapter 6. SUMMARY AND CONCLUSIONS 

6.1. ASSESSMENT OF TEST RESULTS 

The crash test reported herein was performed in accordance with MASH Test 4-
12. 

6.2. CONCLUSIONS 

Table 6.1 shows that the Luminaire Pole behind Single Slope Traffic Rail met the 
performance criteria for MASH Test 4-12 Longitudinal Barrier. 

Table 6.1. Assessment Summary for MASH Test 4-12 Test on Luminaire Pole 
behind Single Slope Traffic Rail. 

Evaluation  
Criteria 

Description Test  
440863-03-1 

A 

Test article should contain and redirect the 
vehicle or bring the vehicle to a controlled stop; 
the vehicle should not penetrate, underride, or 
override the installation although controlled 
lateral deflection of the test article is acceptable. 

S 

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. 

S 

G 
It is preferable, although not essential, that the 
vehicle remain upright during and after the 
collision. 

S 

Overall Evaluation result Pass 

Note: S = Satisfactory. 
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Chapter 7. IMPLEMENTATION* 

Based on the results of the crash testing reported herein, the mounting of 
luminaire poles onto a concrete mounting block poured monolithically behind a 36-inch-
tall SSTR is considered suitable for implementation as a MASH TL-4 system. The 
MASH matrix for TL-4 longitudinal barriers consists of three tests: Test 4-10, 4-11, and 
4-12. MASH Test 4-12 was performed under this project and successfully met all MASH 
evaluation criteria. 

MASH also recommends performing Test 4-10 with the 1100C passenger car 
and Test 4-11 with the 2270P pickup truck. However, based on the acceptable impact 
performance of a single-slope barrier of similar profile in previous testing with both 
design passenger vehicles, these tests were not considered necessary (3, 4). The 
1100C passenger car would not interact with the luminaire pole behind the 36-inch-tall 
barrier. In Test No. 420020-3, the maximum extension of the 2270P pickup truck 
beyond the field side edge of the single slope barrier was 2.5 inches, which 
corresponded to the side mirror (4). In the system tested herein, the edge of the 
luminaire pole baseplate has an offset of 3 inches from the field side edge of the SSTR, 
and the base of the luminaire pole has an additional 2.25 inches of offset beyond the 
baseplate. Therefore, the 2270P pickup truck would have no contact with the luminaire 
pole assembly.  

Statewide implementation of this barrier and luminaire pole combination can be 
achieved by TxDOT’s Bridge Division through development of a standard detail sheet. 
The details provided in Appendix A can be used for this purpose.

 
*The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI 
Proving Ground’s A2LA Accreditation. 
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APPENDIX A. DETAILS OF LUMINAIRE POLE BEHIND SINGLE 
SLOPE TRAFFIC RAIL 
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APPENDIX B. SUPPORTING CERTIFICATION DOCUMENTS 
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APPENDIX C. MASH TEST 4-12 (CRASH TEST 440863-03-1) 
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C.1. VEHICLE PROPERTIES AND INFORMATION 

Figure C.1. Vehicle Properties for Test 440863-03-1 
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Figure C.3. Vehicle Parameters for Test 440863-03-1. 
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C.2. SEQUENTIAL PHOTOGRAPHS 

 

(a) 0.000 s (b) 0.100 s 

 

(c) 0.200 s (d) 0.300 s 

 

(e) 0.400 s (f) 0.500 s 

 

(g) 0.600 s (h) 0.700 s 

Figure C.4. Sequential Photographs for Test 440863-03-1 (Overhead Views). 
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(a) 0.000 s (b) 0.100 s 

 

(c) 0.200 s (d) 0.300 s 

 

(e) 0.400 s (f) 0.500 s 

 

(g) 0.600 s (h) 0.700 s 

Figure C.5. Sequential Photographs for Test 440863-03-1 (Frontal Views). 
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(a) 0.000 s (b) 0.100 s 

 

(c) 0.200 s (d) 0.300 s 

 

(e) 0.400 s (f) 0.500 s 

 

(g) 0.600 s (h) 0.700 s 

Figure C.6. Sequential Photographs for Test 440863-03-1 (Rear Views). 
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C.3. VEHICLE ANGULAR DISPLACEMENTS 

 

 

Figure C.7. Vehicle Angular Displacements for Test 440863-03-1. 

Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 

Test Number: 440863-03-1 
Test Standard Test Number: MASH Test 4-12 
Test Article: Luminaire Pole behind Single Slope 
Traffic Rail 
Test Vehicle: 2011 International 4300 
Inertial Mass: 22110 Ibs 
Gross Mass: 22110 lbs 
Impact Speed: 54.4 mi/h 
Impact Angle: 15.0° 
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C.4. VEHICLE ACCELERATIONS 

 

Figure C.8. Vehicle Longitudinal Accelerometer Trace for Test 440863-03-1 
(Accelerometer Located at Center of Gravity). 

 

Figure C.9. Vehicle Lateral Accelerometer Trace for Test 440863-03-1 
(Accelerometer Located at Center of Gravity). 
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Figure C.10. Vehicle Vertical Accelerometer Trace for Test 440863-03-1 
(Accelerometer Located at Center of Gravity). 
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