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The United States Government and the State of Texas do not endorse products or 
manufacturers. Trade of manufacturers’ names appear herein solely because they are considered 
essential to the object of this report. 

TTI PROVING GROUND DISCLAIMER 
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reported herein apply only to the articles being tested.  

THE TTI PROVING GROUND LAB SHALL NOT BE LIABLE FOR ANY INDIRECT, 
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DEPARTMENT OF TRANSPORTATION OR ANY OTHER PERSON OR ENTITY, 
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ISO 17025 Laboratory 
Testing Certificate # 2821.01 

Crash testing performed at:  
TTI Proving Ground  
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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 25.4 millimeters mm 
ft feet 0.305 meters m 
yd yards 0.914 meters m 
mi miles 1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2 
ft2 square feet 0.093 square meters m2 
yd2 square yards 0.836 square meters m2 
ac acres 0.405 hectares ha 
mi2 square miles 2.59 square kilometers km2 

VOLUME 
fl oz fluid ounces 29.57 milliliters mL 
gal gallons 3.785 liters L 
ft3 cubic feet 0.028 cubic meters m3 
yd3 cubic yards 0.765 cubic meters m3 

NOTE: volumes greater than 1000L shall be shown in m3 
MASS 

oz ounces 28.35 grams g 
lb pounds 0.454 kilograms kg 
T short tons (2000 lb) 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 

lbf poundforce 4.45 newtons N 
lbf/in2 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 
mm2 square millimeters 0.0016 square inches in2 
m2 square meters 10.764 square feet ft2 
m2 square meters 1.195 square yards yd2 
ha hectares 2.47 acres ac 
km2 Square kilometers 0.386 square miles mi2 

VOLUME 
mL milliliters 0.034 fluid ounces oz 
L liters 0.264 gallons gal 
m3 cubic meters 35.314 cubic feet ft3 
m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams 0.035 ounces oz 
kg kilograms 2.202 pounds lb 
Mg (or “t”) megagrams (or “metric ton”) 1.103 short tons (2000lb) T 

TEMPERATURE (exact degrees) 
°C Celsius 1.8C+32 Fahrenheit °F 

FORCE and PRESSURE or STRESS 
N newtons 0.225 poundforce lbf 
kPa kilopascals 0.145 poundforce per square inch lb/in2 

*SI is the symbol for the International System of Units
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CHAPTER 1: 
INTRODUCTION 

Since the 1940s, the United States has been crash testing highway safety appurtenances. 
National guidelines for testing roadside appurtenances originated in 1962. Guidelines for testing 
and evaluating the impact performance of roadside safety features are periodically updated to 
stay current with improvements in technology and changes in the vehicle fleet and impact 
conditions. In 2009, the American Association of State Highway and Transportation Officials 
(AASHTO) published the Manual for Assessing Safety Hardware (MASH), which supersedes the 
previous crash test and evaluation guidelines (1). Changes incorporated into MASH include new 
design test vehicles, revised test matrices, and revised impact conditions.  

A MASH implementation agreement was jointly developed and adopted by the Federal 
Highway Administration (FHWA) and AASHTO. It establishes various implementation dates for 
different categories of roadside safety features. On projects let after the specified dates, only 
MASH compliant hardware is eligible for new installations on the National Highway System.  

In response to the implementation requirements, Texas Department of Transportation 
(TxDOT) Bridge, Design, Maintenance, and Traffic Operations Divisions reviewed their 
standards for roadside safety devices and identified those devices that require testing and 
evaluation to assess MASH compliance. Under this project, a total of 33 roadside safety systems 
will be crash tested in accordance with MASH criteria in three phases over a three-year period.  

The Texas A&M Transportation Institute (TTI) crash tested and evaluated 10 devices in 
Phase I, which included the following: 

• 36-inch vertical parapet bridge rail.  
• 1-inch asphalt concrete pavement lateral support for concrete median barrier.  
• Pinning pattern for precast concrete barrier on concrete.  
• Single and dual embedded wood post sign support systems.  
• Pedestal pole with flashing beacons with and without solar assembly.  
• Multi-mailbox system on TxDOT Type 1 foundation and thin walled galvanized tube 

support.  
• Double mailbox system on TxDOT Type 2 foundation and thin walled galvanized tubing. 
• Double mailbox system on TxDOT Type 3 foundation and winged channel support. 

An additional 14 devices were crash tested and evaluated in Phase II. These included the 
following: 

• C402 bridge rail. 
• C412 bridge rail. 
• C411 bridge rail. 
• T1W bridge rail. 
• Guardrail with round wood posts. 
• Concrete barrier at light post. 
• Single post perforated square metal tubing skid. 
• Mailbox Type 4 foundation (single)-recycled rubber post. 
• Mailbox Type 4 foundation (double)-thin walled white post. 
• Mailbox Type 4 foundation (multi)-Shurtite Multi Hanger. 
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• Mailbox Type 5 foundation (single)-wood post. 
• Dual post wood skid. 
• Guardrail Steel posts in rocky terrain. 
• Round wood posts in rocky terrain. 

TxDOT standards may include multiple configurations or variations of a device to 
accommodate different design considerations or needs. TTI researchers developed the test plan 
for each device based on consideration of critical or worst-case configuration. If a critical 
configuration is successfully crash tested, a less critical configuration of the device would also be 
considered MASH compliant. This approach reduces the required number of tests to achieve 
MASH compliance. The following chapters of this report provide details of the MASH testing of 
the different roadside safety systems evaluated under Phase II.  
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CHAPTER 2: 
TXDOT C402 BRIDGE RAIL 

2.1 BACKGROUND* 

The T402 bridge rail consists of a tubular steel rail attached to fabricated steel posts 
mounted to a 24-inch tall concrete parapet. The only difference between the T402 and C402 rail 
is that the C402 incorporates a nominal 2-inch diameter steel pipe attached to the traffic face of 
the steel posts between the concrete parapet and tubular rail element to meet pedestrian code 
requirements. 
 

TxDOT and TTI researchers consider the C402 bridge rail a more critical configuration 
than the T402 bridge rail. The 24-inch height of the concrete parapet is above the bumper height 
of a passenger car and captures most of the pickup truck bumper. Therefore, although some sheet 
metal contact will occur, substantial snagging of vehicle components on the steel posts is not a 
significant concern. Testing the C402 bridge rail evaluates the attachment of the pedestrian pipe 
rail to the posts and the splices between the pipe sections to determine if there is any separation 
and interaction with the impacting vehicle. If this more critical configuration meets MASH 
requirements, the less critical T402 bridge rail would also be considered MASH compliant. 
 

The C402 bridge rail was fabricated and installed by an outside subcontractor under TTI 
Proving Ground’s supervision. TTI had the rail constructed with the elliptical tubular steel rail 
option. The elliptical tubular steel rail is considered more critical than the rectangular tube option 
because of its narrower contact surface area. TTI Proving Ground tested and evaluated the rail’s 
performance in accordance with MASH TL-4 requirements.  

 
The full MASH test matrix was performed on this bridge rail system to fully evaluate any 

vehicle interaction or occupant contact with the steel rail components. The test matrix consisted 
of test designations 4-10 (small passenger car), 4-11 (pickup truck), and 4-12 (single unit truck). 
The target CIPs selected for the tests were determined according to information provided in 
MASH Sections 2.2.1 and 2.3.2 and Tables 2-7 and 2-8. Figure 2.1 shows the results. 

Figure 2.1. Target CIPs for MASH TL-4 on TxDOT C402 Bridge Rail. 

                                                 
* The opinions/interpretations identified/expressed in Section 2.1 are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 
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2.2 SYSTEM DETAILS 

2.2.1 Test Article Design and Construction 

The C402 test installation consisted of a 153-ft long reinforced concrete cantilevered 
deck and parapet with integral steel posts and rails secured to the top of the parapet. The post 
spacing was 10 ft. The height from the road surface to the top of the parapet was 24 inches, and 
the overall height to the top of the steel rail was 42 inches. There were three 2-inch wide joints 
formed in the concrete parapet corresponding with the selected critical impact points. One joint 
was in the parapet only for geometric evaluation of the passenger car during Test 4-10 (the 
1100C test location). The other two joints extended through both the parapet and deck to provide 
evaluation of both rail geometry and structural adequacy during Tests 4-11 and 4-12. The test 
installation also incorporated 2-inch wide joints in both the elliptical steel traffic rail and 
pedestrian pipe rail near the concrete joints based on TxDOT standards. Steel sleeves were 
inserted into the steel rail members to provide structural continuity across the joints.  

Figure 2.2 presents overall information on the TxDOT C402 bridge rail test installation, 
and Figure 2.3 provides photographs of the installation. Appendix A.1 provides further details of 
the TxDOT C402 bridge rail installation. 

2.2.2 Material Specifications  

Appendix A.2 provides material certification documents for the materials used to 
install/construct the TxDOT C402 bridge rail.  

2.3 MASH TEST 4-10 (CRASH TEST NO. 469468-1-1) 

2.3.1 Test Designation and Actual Impact Conditions 

MASH Test 4-10 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the CIP 
of the longitudinal barrier at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. 
The target CIP for MASH Test 4-10 on the TxDOT C402 bridge rail was 3.6 ft ±1 ft upstream of 
the last open joint in the parapet (see Figure 5.1).  

The 2010 Kia Rio* used in the test weighed 2425 lb, and the actual impact speed and 
angle were 62.6 mi/h and 25.0°, respectively. The actual impact point was 3.8 ft upstream of the 
last open joint in the parapet near post 13. Minimum target impact severity (IS) was 51 kip-ft, 
and actual IS was 57 kip-ft. 

2.3.2 Weather Conditions 

The test was performed on the morning of May 17, 2018. Weather conditions at the time 
of testing were as follows: wind speed: 1 mi/h; wind direction: 122° (vehicle was traveling in a 
northwesterly direction); temperature: 85°F; relative humidity: 64 percent. 

                                                 
* The 2010 model vehicle used is older than the 6-year age noted in MASH, and was selected based upon 
availability. An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other 
than the vehicle’s year model, this 2010 model vehicle met the MASH requirements.  
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Figure 2.2. Overall Details of TxDOT C402 Bridge Rail. 
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Figure 2.3. TxDOT C402 Bridge Rail prior to Testing. 

2.3.3 Test Vehicle 

Figures 2.4 and 2.5 show the 2010 Kia Rio used for the crash test. The vehicle’s test 
inertia weight was 2425 lb, and its gross static weight was 2590 lb. The height to the lower edge 
of the vehicle bumper was 7.75 inches, and height to the upper edge of the bumper was 
21.5 inches. Table A.1 in Appendix A.3.1 gives additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 
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Figure 2.4. TxDOT C402 Bridge Rail/Test Vehicle Geometrics for Test No. 469468-1-1. 

 

  
  

Figure 2.5. Test Vehicle before Test No. 469468-1-1. 

2.3.4 Test Description 

The test vehicle impacted the TxDOT C402 bridge rail 3.8 ft upstream of the last open 
joint in the parapet at a speed of 62.6 mi/h and an angle of 25.0°. Table 2.1 lists events that 
occurred during Test No. 469468-1-1. Figures A.1 and A.2 in Appendix A.3.2 present sequential 
photographs during the test. 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 
within the exit box criteria (not less than 32.8 ft downstream from impact for cars and pickups). 
The 1100C vehicle exited within the exit box criteria defined in MASH. After loss of contact 
with the barrier, the vehicle yawed counterclockwise and came to rest 145 ft downstream of the 
point of impact and 17 ft toward traffic lanes.  
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Table 2.1. Events during Test No. 469468-1-1. 
TIME (s) EVENTS 

0.000 Left front corner of vehicle bumper contacts bridge rail 
0.024 Vehicle begins to redirect 
0.028 Roof begins to deform above left front door 
0.044 Left front corner of bumper contacts post 13 
0.060 Hood begins to deform 

0.067 
Left corner of deformed hood contacts and breaks lower left corner of 
windshield  

0.069 Dummy’s shoulder contacts left door window glass 
0.075 Left door window glass shatters 
0.160 Vehicle becomes parallel with bridge rail 
0.168 Rear bumper contacts rail 

0.294 Vehicle loses contact with bridge rail while traveling at 50.2 mi/h and 
trajectory/heading angles of 6.5°/9.5°, respectively 

2.3.5 Damage to Test Installation 

Figure 2.6 shows the damage to the TxDOT C402 bridge rail. Cracks in the parapet and 
deck are marked in red in Figure 2.5. On the traffic face of the parapet, there was a crack 
32 inches downstream of post 12. On the field side, the parapet was cracked 32 inches upstream 
of the parapet joint, and the deck was cracked at the downstream end of the parapet joint and 
radiated downstream and downward. Working width was 12.5 inches, and the height of 
maximum working width was 24.0 inches. Dynamic deflection of the rail could not be obtained 
because the view was obscured by the test vehicle. There was no measurable permanent 
deformation was observed. 

2.3.6 Damage to Test Vehicle 

Figure 2.7 shows the damage the vehicle sustained. The front bumper, hood, radiator and 
support, left front fender, left front tire and rim, left front strut, left front door and window glass, 
left rear door, left rear quarter panel, and left rear bumper were damaged. The windshield was 
shattered in the left lower corner from the hood being pushed toward the windshield. Maximum 
exterior crush to the vehicle was 8.0 inches in the side plane at the left front corner at bumper 
height. Maximum occupant compartment deformation was 2.5 inches in the driver side floor pan 
and firewall areas. Figure 2.8 shows the interior of the vehicle. Tables A.2 and A.3 in Appendix 
A.3.1 provide exterior crush and occupant compartment measurements. 

2.3.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk and results are shown in Table 2.2. Figure 2.9 summarizes these 
data and other pertinent information from the test. Figure A.3 in Appendix A.3.3 shows the 
vehicle angular displacements, and Figures A.4 through A.9 in Appendix A.3.4 show 
acceleration versus time traces. 
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Figure 2.6. TxDOT C402 Bridge Rail after Test No. 469468-1-1. 
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Figure 2.7. Test Vehicle after Test No. 469468-1-1. 

 

  
Before Test After Test 

  

Figure 2.8. Interior of Test Vehicle for Test No. 469468-1-1. 
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Table 2.2. Occupant Risk Factors for Test No. 469468-1-1. 
Occupant Risk Factor Value Time 
Occupant Impact Velocity (OIV)   

 Longitudinal 21.3 ft/s at 0.0694 s on left side of interior 
 Lateral 32.2 ft/s 

Ridedown Accelerations   
 Longitudinal 5.5 g 0.0701–0.0801 s 

 Lateral 9.7 g 0.1850–0.1950 s 

Theoretical Head Index Velocity (THIV) 42.2 km/h 
11.7 m/s at 0.0678 s on left side of interior 

Post Head Deceleration (PHD) 9.9 g 0.1850–0.1950 s 
Acceleration Severity Index (ASI) 2.76 0.0398–0.0898 s 
Maximum 50-ms Moving Average    

 Longitudinal −12.1 g 0.0233–0.0733 s 
 Lateral 19.9 g 0.0116–0.0616 s 

 Vertical −2.7 g 0.0315–0.0815 s 
Maximum Roll, Pitch, and Yaw Angles   

 Roll 12° 0.3465 s 
 Pitch 5° 0.0681 s 
 Yaw 43° 0.6789 s 

 

2.3.8 Assessment of Results 

Table 2.3 assesses the test based on the applicable safety evaluation criteria for MASH 
Test 4-10. 
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0.000 s 0.100 s 0.200 s 0.300 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
Soil Type and Condition .....  
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 4-10 
469668-1-1 
2018-05-17 
 
Longitudinal Barrier – Bridge Rail 
TxDOT C402 Bridge Rail 
153 ft 
Concrete parapet 12½ inches wide, 
24 inches tall, with steel rail mounted on 
top for total height of 42 inches 
Concrete Deck, Damp 
 
1100C 
2010 Kia Rio 
2451 lb 
2425 lb 
165 lb 
2590 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Trajectory/Heading Angle ...  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
62.6 mi/h 
25.0° 
3.8 ft upstream of 
joint 
57 kip-ft 
 
50.2 mi/h 
6.5°/9.5° 
 
21.3 ft/s 
32.2 ft/s 
5.5 g 
9.7 g 
42.2 km/h 
9.9 g 
2.76 
 
−12.1 g 
19.9 g 
−2.7 g 
 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
145 ft downstream 
17 ft toward traffic 
 
43° 
5° 
12° 
No 
No 
 
None measurable 
None measurable 
12.5 inches 
24.0 inches 
 
10LFQ3 
10FLEW3 
8.0 inches 
LF0215100 
 
2.5 inches 

Figure 2.9. Summary of Results for MASH Test 4-10 on TxDOT C402 Bridge Rail. 
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Table 2.3. Performance Evaluation Summary for MASH Test 4-10 on the TxDOT C402 Bridge Rail. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-1-1   Test Date: 2018-05-17 

MASH Test 4-10 Evaluation Criteria Test Results Assessment 
Structural Adequacy   
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 

The TxDOT C402 contained and redirected the 
1100C vehicle. The vehicle did not penetrate, 
underride, or override the installation. Maximum 
dynamic deflection during the test was not 
obtainable due to vehicle obstruction of view. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

No detached elements, fragments, or other debris 
from the test article were present to penetrate or 
show potential for penetrating the occupant 
compartment or to present hazard to others in the 
area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

Maximum occupant compartment deformation was 
2.5 inches in the driver side floor pan and firewall 
areas.  

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

The 1100C vehicle remained upright during and 
after the collision event. Maximum roll was 12° 
and maximum pitch was 5°. 

Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 30 ft/s, or at least 
below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 21.3 ft/s, and lateral OIV 
was 32.2 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 g, or at least below the maximum allowable value of 
20.49 g. 

Maximum longitudinal 10-ms occupant ridedown 
acceleration was 5.5 g, and maximum lateral 10-ms 
occupant ridedown acceleration was 9.7 g. Pass 

Vehicle Trajectory   
 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit box 
criteria (not less than 32.8 ft for the 1100C and 2270P 
vehicles) and should be documented. 

The 1100C vehicle exited within the exit box criteria. 
Documentation 

only 
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2.4 MASH TEST 4-11 (CRASH TEST NO. 469468-1-2) 

2.4.1 Test Designation and Actual Impact Conditions 

MASH Test 4-11 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the CIP 
of the longitudinal barrier at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. 
The target CIP for MASH Test 4-11 on the TxDOT C402 bridge rail was 4.3 ft ±1 ft upstream of 
the second open joint in the deck and parapet (see Figure 5.1).  

The 2012 Dodge RAM 1500 pickup truck used in the test weighed 4999 lb, and the actual 
impact speed and angle were 62.7 mi/h and 25.3°, respectively. The actual impact point was 
4.7 ft upstream of the second open joint in the deck and parapet near post 9. Minimum target IS 
was 106 kip-ft, and actual IS was 120 kip-ft. 

2.4.2 Weather Conditions 

MASH Test 4-11 on the bridge rail was performed on the morning of May 15, 2018. 
Weather conditions at the time of testing were as follows: wind speed: 3 mi/h; wind direction: 
284° (vehicle was traveling in a northwesterly direction); temperature: 80°F; relative humidity: 
75 percent. 

2.4.3 Test Vehicle 

Figures 2.10 and 2.11 show the 2012 Dodge RAM 1500 pickup truck used for the crash 
test. The vehicle’s test inertia weight was 4999 lb, and its gross static weight was 5164 lb. The 
height to the lower edge of the vehicle bumper was 11.75 inches, and the height to the upper 
edge of the bumper was 27.0 inches. The height to the vehicle’s center of gravity was 
28.0 inches. Tables A.4 and A.5 in Appendix A.4.1 give additional dimensions and information 
on the vehicle. The vehicle was directed into the installation using a cable reverse tow and 
guidance system, and was released to be freewheeling and unrestrained just prior to impact. 

 

  
  

Figure 2.10. TxDOT C402 Bridge Rail/Test Vehicle Geometrics for Test No. 469468-1-2. 

 



 

TR No. 0-6946-R2 15 2019-03-27 

  
  

Figure 2.11. Test Vehicle before Test No. 469468-1-2. 

2.4.4 Test Description 

The test vehicle impacted the TxDOT C402 bridge rail 4.7 ft upstream of the second open 
joint in the deck and parapet at a speed of 62.7 mi/h and an angle of 25.3°. Table 2.4 lists events 
that occurred during Test No. 469468-1-2. Figures A.10 and A.11 in Appendix A.4.2 present 
sequential photographs during the test. 

Table 2.4. Events during Test No. 469468-1-2. 
TIME (s) EVENTS 

0.000 Left front corner of vehicle bumper contacts bridge rail 
0.035 Vehicle begins to redirect 

0.047 
Right rear corner of hood contacts and shatters lower right corner of 
windshield 

0.059 Vehicle reaches post 9 
0.061 Left front door opens at top 

0.670 
Left rear corner of hood contacts and shatters lower left corner of 
windshield 

0.085 Dummy’s head contacts left door window glass 
0.102 Left front door window glass frame begins to separate from door 
0.122 Maximum extent of dummy’s head outside of vehicle 
0.185 Vehicle becomes parallel with the bridge rail 
0.188 Rear of vehicle contacts bridge rail 

0.342 Vehicle loses contact with bridge rail traveling at 47.5 mi/h and 
trajectory/heading angle of 8.8°/7.2°, respectively 

 
For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft downstream from impact for cars and pickups). 
The 2270P vehicle exited within the exit box criteria defined in MASH. After loss of contact with 
the barrier, the vehicle yawed counterclockwise and came to rest 156 ft downstream of the point 
of impact and 7 ft toward traffic lanes.  
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2.4.5 Damage to Test Installation 

Figure 2.12 shows the damage to the TxDOT C402 bridge rail. There was minimal 
deflection of the lower steel pedestrian rail and some concrete surface spalling on the field side 
of post 9. Working width was 16.5 inches, and the height of maximum working width was 
46.0 inches. Maximum dynamic deflection was 1.1 inches, and no permanent deformation was 
observed in the metal rail elements. 

  

  

  
 

Figure 2.12. TxDOT C402 Bridge Rail after Test No. 469468-1-2. 
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2.4.6 Damage to Test Vehicle 

Figure 2.13 shows the damage sustained by the vehicle. The front bumper, hood, grill, 
radiator and support, left front fender, left front tire and rim, left front door and window glass, 
left rear door, left rear exterior bed, left rear tire and rim, and left rear bumper were damaged. 
The windshield was shattered when the hood latch broke and the hood contacted the windshield. 
Maximum exterior crush to the vehicle was 10.0 inches in the side plane at the left front corner at 
bumper height. Maximum reduction of space in the occupant compartment was 1.0 inch in the 
driver side floor pan and kick panel areas. Figure 2.14 shows the interior of the vehicle. Tables 
A.6 and A.7 in Appendix A.4.1 provide exterior crush and occupant compartment measurements. 

 

  
  

Figure 2.13. Test Vehicle after Test No. 469468-1-2. 

 

  
  

Figure 2.14. Windshield and Interior of Test Vehicle after Test No. 469468-1-2. 

2.4.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk and results are shown in Table 2.5. Figure 2.15 summarizes these 
data and other pertinent information from the test. Figure A.12 in Appendix A.4.3 shows the 
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vehicle angular displacements, and Figures A.13 through A.18 in Appendix A.4.4 show 
acceleration versus time traces. 

 
Table 2.5. Occupant Risk Factors for Test No. 469468-1-2. 

Occupant Risk Factor Value Time 
OIV    

 Longitudinal 19.7 ft/s at 0.0924 s on left side of interior 
 Lateral 27.9 ft/s 

Occupant Ridedown Accelerations   
 Longitudinal 6.9 g 0.0957–0.1057 s 

 Lateral 9.5 g 0.2031–0.2131 s 

THIV 37.9 km/h 
10.5 m/s at 0.0898 s on left side of interior 

PHD 9.9 g 0.2032–0.2132 s 
ASI 2.06 0.0594–0.1094 s 

Maximum 50-ms Moving Average    
 Longitudinal −9.3 g 0.0284–0.0784 s 

 Lateral 16.0 g 0.0346–0.0846 s 
 Vertical −4.3 g 0.0078–0.0578 s 

Maximum Roll, Pitch, and Yaw Angles   
 Roll 8° 0.8503 s 

 Pitch 4° 0.0915 s 
 Yaw 36° 0.6172 s 

 

2.4.8 Assessment of Results 

Table 2.6 assesses the test based on the applicable safety evaluation criteria for MASH 
Test 4-11. 
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0.000 s 0.100 s 0.200 s 0.300 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 4-11 
469668-1-2 
2018-05-15 
 
Longitudinal Barrier – Bridge Rail 
TxDOT C402 Bridge Rail 
153 ft 
Concrete parapet 12½ inches wide, 
24 inches tall, with steel rail mounted on 
top for total height of 42 inches 
Concrete Deck, Damp 
 
 
2270P 
2012 Dodge RAM 1500 Pickup 
4788 lb 
4999 lb 
165 lb 
5164 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Trajectory/Heading Angle ...  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
62.7 mi/h 
25.3° 
4.7 ft upstream of 
open joint 
120 kip-ft 
 
47.5 mi/h 
8.8°/7.2° 
 
19.7 ft/s 
27.9 ft/s 
6.9 g 
9.5 g 
37.9 km/h 
9.9 g 
2.06 
 
−9.3 g 
16.0 g 
−4.3 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
156 ft downstream 
7 ft toward traffic 
 
36° 
4° 
8° 
No 
No 
 
1.1 inches 
None measurable  
16.5 inches 
46.0 inches 
 
11LFQ3 
11FLEW3 
10.0 inches 
 
LF0100000 
1.0 inch 
 

 

Figure 2.15. Summary of Results for MASH Test 4-11 on TxDOT C402 Bridge Rail. 
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Table 2.6. Performance Evaluation Summary for MASH Test 4-11 on the TxDOT C402 Bridge Rail. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-1-2   Test Date: 2018-05-15 

MASH Test 4-11 Evaluation Criteria Test Results Assessment 
Structural Adequacy   
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 

The TxDOT C402 contained and redirected the 
2270P vehicle. The vehicle did not penetrate, 
underride, or override the installation. Maximum 
dynamic deflection during the test was 1.1 inches. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

No detached elements, fragments, or other debris 
from the test article were present to penetrate or 
show potential for penetrating the occupant 
compartment or to present hazard to others in the 
area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

Maximum reduction of space in the occupant 
compartment was 1.0 inch in the driver side floor 
pan and kick panel areas. 

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

The 2270P vehicle remained upright during and 
after the collision event. Maximum roll was 8° 
and maximum pitch was 4°. 

Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 30 ft/s, or at least 
below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 19.7 ft/s, and lateral OIV 
was 27.9 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 g, or at least below the maximum allowable value of 
20.49 g. 

Maximum longitudinal 10-ms occupant ridedown 
acceleration was 6.9 g, and maximum lateral 10-ms 
occupant ridedown acceleration was 9.5 g. Pass 

Vehicle Trajectory   
 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit box 
criteria (not less than 32.8 ft for the 1100C and 2270P 
vehicles), and should be documented. 

The 2270P vehicle exited within the exit box criteria. 
Documentation 

only 
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2.5 MASH TEST 4-12 (CRASH TEST NO. 469468-1-3) 

2.5.1 Test Designation and Actual Impact Conditions 

MASH Test 4-12 involves a 10000S vehicle weighing 22,046 lb ±660 lb impacting the 
CIP of the longitudinal barrier at an impact speed of 56 mi/h ±2.5 mi/h and an angle of 15° 
±1.5°. The target CIP for MASH Test 4-12 on the TxDOT C402 bridge rail was 5.0 ft ±1 ft 
upstream of the first open joint in the deck and parapet (see Figure 5.1).  

The 2012 International 4300 single-unit truck used in the test weighed 22,060 lb, and the 
actual impact speed and angle were 56.9 mi/h and 15.0°, respectively. The actual impact point 
was 4.9 ft upstream of the first open joint in the deck and parapet near post 5. Minimum target IS 
was 142 kip-ft, and actual IS was 160 kip-ft. 

2.5.2 Weather Conditions 

MASH Test 4-12 on the bridge rail was performed on the morning of May 11, 2018. 
Weather conditions at the time of testing were as follows: wind speed: 15 mi/h; wind direction: 
182° (vehicle was traveling in a northwesterly direction); temperature: 81°F; relative humidity: 
68 percent. 

2.5.3 Test Vehicle 

Figures 2.16 and 2.17 show the 2012 International 4300 single-unit truck used for the 
crash test. The vehicle’s test inertia weight was 22,060 lb, and its gross static weight was 
22,060 lb. The height to the lower edge of the vehicle bumper was 21.0 inches, and height to the 
upper edge of the bumper was 35.0 inches. The height to the center of gravity of the ballast was 
61.5 inches. Table A.8 in Appendix A.5.1 gives additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 2.16. TxDOT C402 Bridge Rail/Test Vehicle Geometrics for Test No. 469468-1-3. 
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Figure 2.17. Test Vehicle before Test No. 469468-1-3. 

2.5.4 Test Description 

The test vehicle impacted the TxDOT C402 bridge rail 4.9 ft upstream of the first open 
joint in the deck and parapet at a speed of 56.9 mi/h and an angle of 15.0°. Table 2.7 lists events 
that occurred during Test No. 469468-1-3. Figures A.19 and A.20 in Appendix A.5.2 present 
sequential photographs during the test. 

Table 2.7. Events during Test No. 469468-1-3. 
TIME (s) EVENTS 

0.000 Left front corner of vehicle bumper contacts bridge rail 
0.004 Left front tire contacts parapet face 
0.040 Front tires begin to steer left 
0.057 Left front bumper reaches joint in parapet and deck 
0.101 Vehicle begins to redirect 
0.268 Rear of vehicle contacts bridge rail 
0.313 Vehicle becomes parallel with bridge rail 

1.270 Vehicle loses contact with bridge rail (exit speed and angle not 
obtainable due to being out-of-view or obscured) 

 
For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 65.6 ft downstream from loss of contact for 10000S 
vehicles). The 10000S vehicle exited within the exit box criteria defined in MASH. After loss of 
contact with the barrier, the vehicle yawed counterclockwise and came to rest 319 ft downstream 
of the point of impact and 2 ft toward the field side.  

2.5.5 Damage to Test Installation 

Figure 2.18 shows the damage to the TxDOT C402 bridge rail. The bridge rail sustained 
concrete damage from post 4 to post 6, particularly on the traffic side at the top of the parapet 
upstream of the joint. A 14-ft long crack in the deck ran parallel with the rail starting from the 
joint and radiating upstream. Working width was 63.9 inches, and the height of maximum 
working width was 144.5 inches. Maximum dynamic deflection during the test was not 
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obtainable (vehicle obscured view), and maximum permanent deformation was so slight as to be 
unmeasurable.  

  

  

  
 

Figure 2.18. TxDOT C402 Bridge Rail after Test No. 469468-1-3. 

2.5.6 Damage to Test Vehicle 

Figure 2.19 shows the damage sustained by the vehicle. The front bumper, hood, left 
door, front axle, left front U-bolts and springs, left front tire and rim, left fuel tank, left side of 
box, left battery box, and left rear outer tire and rim were damaged. Maximum exterior crush to 
the vehicle was 22.0 inches in the side plane at the left front corner at bumper height. No 
occupant compartment deformation occurred. Figure 2.20 shows the interior of the vehicle.  
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Figure 2.19. Test Vehicle after Test No. 469468-1-3. 

 

  
Before Test After Test 

  

Figure 2.20. Interior of Test Vehicle for Test No. 469468-1-3. 

2.5.7 Occupant Risk Factors 

Occupant risk factors are not required for the test with the 10000S vehicle. Data from 
the accelerometers, located at the vehicle center of gravity, were digitized for information 
purposes only and results are shown in Table 2.8. Figure 2.21 summarizes these data and 
other pertinent information from the test. Figure A.21 in Appendix A.5.3 shows the vehicle 
angular displacements, and Figures A.22 through A.27 in Appendix A.5.4 show acceleration 
versus time traces. 

2.5.8 Assessment of Results 

Table 2.9 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 4-12. 
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Table 2.8. Occupant Risk Factors for Test No. 469468-1-3. 
Occupant Risk Factor Value Time 

OIV   
 Longitudinal 7.5 ft/s at 0.2180 s on left side of interior 

 Lateral 13.1 ft/s 
Occupant Ridedown Accelerations   

 Longitudinal 4.6 g 0.3194–0.3294 s 
 Lateral 5.6 g 0.2562–0.2662 s 

THIV 17.5 km/h 
4.9 m/s at 0.2116 s on left side of interior 

PHD 6.1 g 0.2562–0.2662 s 
ASI 0.41 0.1786–0.2286 s 

Maximum 50-ms Moving Average    
 Longitudinal −1.7 g 0.0200–0.0700 s 

 Lateral 3.6 g 0.1531–0.2031 s 
 Vertical −3.1 g 0.2700–0.3200 s 

Maximum Roll, Pitch, and Yaw Angles   
 Roll 17° 0.5335 s 

 Pitch 18° 1.1136 s 
 Yaw 37° 0.9571 s 
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0.000 s 0.200 s 0.400 s 1.000 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 4-12 
469668-1-3 
2018-05-11 
 
Longitudinal Barrier – Bridge Rail 
TxDOT C402 Bridge Rail 
153 ft 
Concrete parapet 12½ inches wide, 
24 inches tall, with steel rail mounted on 
top for total height of 42 inches 
Concrete Deck, Damp 
 
 
10000S 
2012 International 4300 SUT 
10,261 lb 
22,060 lb 
No dummy 
22,060 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Angle .................................  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
56.9 mi/h 
15.0° 
4.9 ft upstream of 
open joint 
160 kip-ft 
 
Not obtainable 
Not obtainable 
 
7.5 ft/s 
13.1 ft/s 
4.6 g 
5.6 g 
17.5 km/h 
6.1 g 
0.41 
 
−1.7 g 
3.6 g 
−3.1 g 
 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Vehicle Intrusion .......................  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
319 ft downstream 
2 ft twd field side 
 
37° 
18° 
17° 
No 
No 
 
Not obtainable 
Slight 
63.9 inches 
144.5 inches 
 
NA 
11FDEW4 
22.0 inches 
NA 
 
None 

Figure 2.21. Summary of Results for MASH Test 4-12 on TxDOT C402 Bridge Rail. 
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 Table 2.9. Performance Evaluation Summary for MASH Test 4-12 on the TxDOT C402 Bridge Rail. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-1-3 Test Date: 2018-05-11 

MASH Test 4-12 Evaluation Criteria Test Results Assessment 
Structural Adequacy 
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.

The TxDOT C402 contained and redirected the 
10000S vehicle. The vehicle did not penetrate, 
underride, or override the installation. Maximum 
dynamic deflection during the test was not 
obtainable due to vehicle obstruction of view. 

Pass 

Occupant Risk 
D. Detached elements, fragments, or other debris from the

test article should not penetrate or show potential for
penetrating the occupant compartment, or present an
undue hazard to other traffic, pedestrians, or personnel
in a work zone.

No detached elements, fragments, or other debris 
from the test article were present to penetrate or 
show potential for penetrating the occupant 
compartment or to present hazard to others in the 
area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

No occupant compartment deformation occurred. 

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

The 10000S vehicle remained upright during and 
after the collision event. Maximum roll was 17°. Pass 

Vehicle Trajectory 
For redirective devices, it is preferable that the vehicle be 
smoothly redirected and leave the barrier within the exit 
box criteria (not less than 65.6 ft for the 10000S vehicle) 
and should be documented. 

The 10000S vehicle exited within the exit box 
criteria. Documentation 

only 
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2.6 CONCLUSIONS 

The 1100C vehicle was contained and redirected. The hood of the vehicle was pushed 
into the windshield, which shattered, but did not penetrate or create excessive deformation into 
the occupant compartment. Maximum occupant compartment deformation was 2.5 inches in the 
driver side floor pan and firewall areas. The 1100C vehicle remained upright during and after the 
collision event. Occupant risk factors were within allowable limits. 

The TxDOT C402 contained and redirected the 2270P vehicle. The hood of the vehicle 
was pushed into the windshield, which shattered, but did not penetrate or create excessive 
deformation into the occupant compartment. Maximum reduction of space in the occupant 
compartment was 1.0 inch in the driver side floor pan and kick panel areas. The 2270P vehicle 
remained upright during and after the test. Occupant risk factors were within the preferred limits. 

The single-unit truck was successfully contained and redirected. The vehicle remained 
stable and upright as it came to a stop.  

The TxDOT C402 bridge rail performed acceptably according to MASH TL-4 evaluation 
criteria as shown in Table 2.10. 
 

Table 2.10. Assessment Summary for MASH TL-4 Tests  
on TxDOT C402 Bridge Rail. 

Evaluation  
Factors 

Evaluation  
Criteria 

Test No.  
469468-1-1 

Test No.  
469468-1-2 

Test No.  
469468-1-3 

Structural  
Adequacy A S S S 

Occupant  
Risk 

D S S S 

F S S N/A 

G N/A N/A S 

H S S N/A 

I S S N/A 

Test No. MASH Test  
4-10 

MASH Test  
4-11 

MASH Test  
4-12 

Pass/Fail Pass Pass Pass 

S = Satisfactory 
U = Unsatisfactory 
N/A = Not Applicable 
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CHAPTER 3: 
TXDOT C412 BRIDGE RAIL 

3.1 BACKGROUND* 

The TxDOT C412 bridge rail is an aesthetic concrete combination rail with windows 
designed to accommodate both vehicle and pedestrian traffic. Previously, it was successfully 
tested to NCHRP Report 350 TL-4 under the name F411 (2). A variation of the C412 bridge rail 
was successfully tested to MASH TL-4 (3). TxDOT made changes to the reinforcement in the 
C412 rail to provide structural adequacy for MASH TL-5. 
 

The TxDOT C412 bridge rail was constructed on site by a subcontractor under TTI 
Proving Ground supervision. The rail was tested and evaluated in accordance with MASH TL-5 
criteria. Because a variation of the C412 bridge rail with similar geometry was successfully 
tested to MASH TL-4 (3), test designations 5-10 and 5-11 were deemed unnecessary by TxDOT 
and TTI researchers. Therefore, only MASH test designation 5-12 with an 80,000-lb tractor-van 
trailer was required to establish MASH TL-5 compliance. 

3.2 TEST ARTICLE AND INSTALLATION DETAILS 

The test installation was 119 ft-11½ inches long and consisted of a 42-inch tall reinforced 
concrete parapet mounted on an 8½-inch thick, 40-inch wide reinforced cantilevered concrete 
deck. The parapet was 17½ inches wide at top and bottom. A series of 12¼-inch wide posts and 
5¾-inch wide windows on 18-inch centers were cast between an 18-inch tall lower wall section 
and an upper 6-inch concrete beam. The installation had a 2-inch wide joint in the parapet and 
deck located approximately 30 ft from one end of the rail represented the critical location for the 
structural adequacy test. Three dowel bars fabricated from #8 (1-inch outside diameter) rebar 
spanned the open joint (one in the beam and two in the wall section).  

 
Figure 3.1 presents overall information on the TxDOT C412 bridge rail, and Figure 3.2 

provides photographs of the installation. Appendix B.1 provides further details of the TxDOT 
C412 bridge rail. 

3.3 MATERIAL SPECIFICATIONS  

Appendix B.2 provides material certification documents for the materials used to 
install/construct the TxDOT C412 bridge rail.  

                                                 
* The opinions/interpretations identified/expressed in Section 3.1 are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 



TR
 N

o. 0-6946-R
2  

30 
2019-03-27 

 

 

 

Figure 3.1. Overall Details of TxDOT C412 Bridge Rail. 
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Figure 3.2. TxDOT C412 Bridge Rail prior to Testing. 

3.4 MASH TEST 5-12 (CRASH TEST NO. 469468-2-1) 

3.4.1 Test Designation and Actual Impact Conditions 

MASH Test 5-12 involves a 36000V vehicle weighing 79,300 lb ±1100 lb impacting the 
CIP of the bridge rail at an impact speed of 50 mi/h ±2.5 mi/h and an angle of 15° ±1.5°. The 
CIP for MASH Test 5-12 on the TxDOT C412 bridge rail was 1 ft ±1 ft downstream of the joint 
in the parapet and deck based on information in MASH Table 2.8.  
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The 2007 Freightliner CL120 with 2002 Utility 53-ft trailer used in the test weighed 
80,300 lb, and the actual impact speed and angle were 50.8 mi/h and 15.0°, respectively. The 
actual impact point was 1.2 ft downstream of the joint in the parapet and deck. Minimum target 
IS was 404 kip-ft, and actual IS was 464 kip-ft. 

3.4.2 Weather Conditions 

The test was performed on the afternoon of June 15, 2018. Weather conditions at the time 
of testing were as follows: wind speed: 4 mi/h; wind direction: 217° (vehicle was traveling in a 
northerly direction); temperature: 93°F; relative humidity: 58 percent. 

3.4.3 Test Vehicle 

Figures 3.3 and 3.4 show the 2007 Freightliner CL20 with 2002 Utility 53-ft trailer used 
for the crash test. The vehicle’s test inertia weight was 80,300 lb, and its gross static weight was 
80,300 lb. The height to the lower edge of the vehicle bumper was 16.0 inches, and the height to 
the upper edge of the bumper was 34.5 inches. The height to the center of gravity of the trailer 
ballast was 71.2 inches. Tables B.1 and B.2 in Appendix B.3 give additional dimensions and 
information on the vehicle. The vehicle was directed into the installation under its own power 
using a cable guidance system that was released such that the vehicle was freewheeling and 
unrestrained just prior to impact. 

  
  

Figure 3.3. TxDOT C412 Bridge Rail/Test Vehicle Geometrics for Test No. 469468-2-1. 
 

  
  

Figure 3.4. Test Vehicle before Test No. 469468-2-1. 
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3.4.4 Test Description 

The test vehicle impacted the TxDOT C412 bridge rail 1.2 ft downstream of the joint in 
the parapet and deck at a speed of 50.8 mi/h and an angle of 15.0°. Table 3.1 lists events that 
occurred during Test No. 469468-2-1. Figures B.1 and B.2 in Appendix B.4 present sequential 
photographs during the test. 

Table 3.1. Events during Test No. 469468-2-1. 
TIME (s) EVENTS 

0.000 Right front corner of tractor bumper contacts bridge rail 
0.109 Tractor begins to redirect 
0.204 Left front tire of tractor comes off ground 
0.263 Tractor becomes parallel with the bridge rail 
0.465 Left rear trailer tires come off the ground 
0.514 Left front tire of tractor makes contact with ground 
0.787 Trailer parallel with barrier 

0.819 
Rear of trailer impacts bridge rail slightly upstream of initial impact 
point 

0.829 Barrier at maximum deflection after trailer contact 
1.123 Maximum working width by trailer top 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the bridge rail 
within the exit box criteria (not less than 65.6 ft downstream from loss of contact for heavy 
vehicles). The 36000V vehicle exited within the exit box criteria defined in MASH. After loss of 
contact with the barrier, the vehicle yawed counterclockwise and came to rest 206 ft downstream 
of the point of impact and 10 ft toward the field side.  

3.4.5 Damage to Test Installation 

Figures 3.5 through 3.7 show the damage to the TxDOT C412 bridge rail. The top 
concrete beam, some of the windows, and the lower wall had chips and spalls along the traffic 
face. A crack at the edge of the cantilever deck radiated in both directions from the joint (30 ft 
upstream and 17 ft downstream). Working width was 86.7 inches, and the height of maximum 
working width was 107.8 inches. Maximum dynamic deflection during the test was 1.2 inches, 
and there was no measurable maximum permanent deformation.  

  
 

Figure 3.5. TxDOT C412 Bridge Rail/Test Vehicle after Test No. 469468-2-1. 
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Figure 3.6. TxDOT C412 Bridge Rail after Test No. 469468-2-1. 
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Figure 3.7. Field Side of TxDOT C412 Bridge Rail after Test No. 469468-2-1. 

3.4.6 Damage to Test Vehicle 

Figure 3.8 shows the damage sustained by the vehicle. The front bumper, hood, front 
axle, right front U-bolts and springs, right front tire and rim, right front fuel tank, right rear outer 
tire and rim, and fifth wheel mount of the tractor were damaged. The right front and rear outer 
tires and rims, right side of the van box, and roof of the trailer were damaged. Maximum exterior 
crush to the vehicle was 14.0 inches in the side plane at the right front corner at bumper height. 
No occupant compartment deformation was observed. Figure 3.9 shows the interior of the 
vehicle.  

  
  

Figure 3.8. Test Vehicle after Test No. 469468-2-1. 
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Figure 3.9. Interior of Test Vehicle for Test No. 469468-2-1. 

3.4.7 Occupant Risk Factors 

Data from the accelerometer, located at the fifth-wheel, were digitized for information 
purposes only and results are shown in Table 3.2. Figure 3.10 summarizes these data and other 
pertinent information from the test. Figure B.3 in Appendix B.5 shows the vehicle angular 
displacements, and Figures B.4 through B.12 in Appendix B.6 show acceleration versus time 
traces. 

Table 3.2. Occupant Risk Factors for Test No. 469468-2-1. 
Occupant Risk Factor Value Time 

OIV    
 Longitudinal 3.6 ft/s at 0.2302 s on right side of interior 

 Lateral 14.4 ft/s 
Occupant Ridedown Accelerations   

 Longitudinal 10.1 g 0.2393–0.2493 s 
 Lateral 16.4 g 0.2473–0.2573 s 

THIV 16.4 km/h 
4.6 m/s at 0.2299 s on right side of interior 

PHD 16.4 g 0.2474–0.2574 s 
ASI 0.89 0.2615–0.3115 s 

Maximum 50-ms Moving Average    
 Longitudinal −3.2 g 0.1993–0.2493 s 

 Lateral −8.3 g 0.2461–0.2961 s 
 Vertical 9.0 g 1.1889–1.2389 s 

Maximum Roll, Pitch, and Yaw Angles   
 Roll 15° 1.9482 s 

 Pitch 22° 1.4740 s 
 Yaw 42° 1.8995 s 
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0.000 s 0.100 s 0.300 s  0.750 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
 
Soil Type and Condition .....  
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  
  Curb ...................................  

 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 5-12 
469468-2-1 
2018-06-15 
 
Bridge Rail 
C412 Bridge Rail 
120 ft 
42-inch tall, 17½ inches wide reinforced 
concrete parapet with 12¼ in wide posts 
and 5¾-in windows on 18-in centers 
between 18-in wall and 6-in top beam 
Concrete deck, damp 
 
36000V 
2007 Freightliner CL120 with 
2003 Utility 53-ft trailer 
28,420 lb 
80,300 lb 
No dummy 
80,300 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Angle .................................  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
50.8 mi/h 
15.0°  
1.2 ft downstream of 
joint 
464 ki-ft 
 
45.4°  
Along Barrier 
 
3.6 ft/s 
14.4 ft/s 
10.1 g 
16.4 g 
16.4 km/h 
16.4 g 
0.89 
 
−3.2 g 
−8.3 g 
9.0 g 
 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Working Width Height ...............  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
206 ft downstream 
10 ft twd field side 
 
42° 
22° 
15° 
No 
No 
 
1.2 inches 
None measurable 
86.7 inches 
107.8 inches 
 
NA 
NA 
14.0 inches 
NA 
 
None 

Figure 3.10. Summary of Results for MASH Test 5-12 on TxDOT C412 Bridge Rail. 
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3.4.8 Assessment of Results 

Table 3.3 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 5-12. 

3.5 CONCLUSIONS 

The tractor-trailer was contained and redirected. The trailer rolled on top of the bridge 
rail and rode along the top until it exited the end of the installation. The trailer disconnected from 
the tractor, and the trailer rolled onto its side after exiting the installation. The trailer roll began 
to recover from its maximum prior to exiting the system.  

The TxDOT C412 bridge rail performed acceptably according to MASH Test 5-12 
evaluation criteria. 
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 Table 3.3. Performance Evaluation Summary for MASH Test 5-12 on TxDOT C412 Bridge Rail. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-2-1 Test Date: 2018-06-15 

MASH Test 5-12 Evaluation Criteria Test Results Assessment 
Structural Adequacy 
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

The C412 bridge rail contained and redirected 
the 36000V vehicle. The vehicle did not 
penetrate, underride, or override the installation. 
Maximum dynamic deflection during the test 
was 1.2 inches. 

Pass 

Occupant Risk 
D. Detached elements, fragments, or other debris from

the test article should not penetrate or show potential
for penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or
personnel in a work zone.

No detached elements, fragments, or other debris 
from the test article were present to penetrate or 
show potential for penetrating the occupant 
compartment or to present hazard to others in the 
area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in 
Section 5.3 and Appendix E of MASH. 

No occupant compartment deformation occurred. 

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

The 36000V vehicle remained upright during and 
after the collision event. Maximum roll was 15°. Pass 

Vehicle Trajectory 
For redirective devices, it is preferable that the vehicle be 
smoothly redirected and leave the barrier within the exit 
box criteria (not less than 65.6 ft for the 36000V vehicle) 
and should be documented. 

The 36000V vehicle exited within the exit box 
criteria. Documentation 

only 
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CHAPTER 4: 
TXDOT C411 BRIDGE RAIL 

4.1 BACKGROUND* 

The T411 bridge rail, also known as the Texas Classic Rail, is an aesthetic concrete rail 
with windows and pilasters. It has an overall height of 32 inches with 18-inch tall windows. The 
C411 bridge rail is a 42-inch tall version of the T411 rail that meets pedestrian code requirements 
and accommodates both vehicle and pedestrian traffic. The windows in the C411 bridge rail are 
24 inches tall. 
 

TxDOT and TTI researchers determined that the C411 bridge rail is more critical to 
evaluate through crash testing than the T411 bridge rail. The taller 24-inch windows are more 
critical from a vehicle interaction and snagging standpoint, and the overall 42-inch rail height is 
more critical from an occupant interaction standpoint. If this more critical configuration meets 
MASH requirements, the less critical T411 would also be considered MASH compliant.  
 

The C411 bridge rail was constructed on site by a subcontractor under TTI Proving 
Ground supervision. TTI Proving Ground performed the full MASH TL-2 test matrix on this rail 
system to fully evaluate vehicle and occupant interaction with the concrete rail system. The full-
scale crash tests included MASH test designations 2-10 (small passenger car) and 2-11 (pickup 
truck). With the large window openings, it was considered necessary to evaluate the impact 
performance of the small car at the 25° impact angle prescribed by MASH. Because the rail 
height exceeds 33 inches, a crash dummy was placed in the pickup truck test per MASH 
requirements. TTI researchers also evaluated occupant trajectory and any head contact with the 
bridge rail system. 

4.2 SYSTEM DETAILS 

4.2.1 Test Article and Installation Details 

The test installation was 75 ft long and consisted of a 42-inch tall reinforced concrete rail 
mounted on an 8-inch thick reinforced cantilevered concrete deck. The rail was 12 inches thick 
and consisted of 10-inch thick × 12-inch wide posts alternated with 10-inch deep × 24-inch tall × 
6-inch wide windows on 18-inch centers positioned between upper and lower concrete beams. 

Figure 4.1 presents overall information on the TxDOT C411 bridge rail, and Figure 4.2 
provides photographs of the installation. Appendix C.1 provides further details of the TxDOT 
C411 bridge rail. 

4.2.2 Material Specifications  

Appendix C.2 provides material certification documents for the materials used to 
install/construct the TxDOT C411 bridge rail.  

                                                 
* The opinions/interpretations identified/expressed in Section 4.1 are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 
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Figure 4.1. Overall Details of TxDOT C411 Bridge Rail. 
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Figure 4.2. TxDOT C411 Bridge Rail prior to Testing. 

4.3 MASH TEST 2-10 (TEST NO. 469468-3-1) 

4.3.1 Test Designation and Actual Impact Conditions 

MASH Test 2-10 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the CIP 
of the bridge rail at an impact speed of 44 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. The target 
CIP for MASH Test 2-10 on the TxDOT C411 was 3.3 ft ±1 ft upstream of the downstream edge 
of the 30th parapet window (see Figure 4.3).  

The 2010 Kia Rio* used in the test weighed 2447 lb, and the actual impact speed and 
angle were 44.2 mi/h and 23.9°, respectively. The actual impact point was 2.7 ft upstream of the 
downstream edge of the 30th parapet window. Minimum target IS was 25 kip-ft, and actual IS 
was 26 kip-ft. 

 

                                                 
* The 2010 model vehicle used is older than the 6-year age noted in MASH, and was selected based upon 
availability. An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other 
than the vehicle’s year model, this 2010 model vehicle met the MASH requirements. 



 

TR No. 0-6946-R2 44 2019-03-27 

 
Figure 4.3. Target CIPs for Test No. 469468-3-1 and 3-2. 

4.3.2 Weather Conditions 

MASH Test 2-10 on the TxDOT C411 bridge rail was performed on the morning of May 
24, 2018. Weather conditions at the time of testing were as follows: wind speed: 3 mi/h; wind 
direction: 173° (vehicle was traveling in a southwesterly direction); temperature: 82°F; relative 
humidity: 79 percent. 

4.3.3 Test Vehicle 

Figures 4.4 and 4.5 show the 2010 Kia Rio used for the crash test. The vehicle’s test 
inertia weight was 2447 lb, and its gross static weight was 2612 lb. The height to the lower edge 
of the vehicle bumper was 7.75 inches, and the height to the upper edge of the bumper was 
21.5 inches. Table C.1 in Appendix C.3.1 gives additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 4.4. TxDOT C411 Bridge Rail/Test Vehicle Geometrics for Test No. 469468-3-1. 
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Figure 4.5. Test Vehicle before Test No. 469468-3-1. 

4.3.4 Test Description 

The test vehicle impacted the C411 bridge rail 2.7 ft upstream of the downstream edge of 
the 30th parapet window at a speed of 44.2 mi/h and an angle of 23.9°. Table 4.1 lists events that 
occurred during Test No. 469468-3-1. Figures C.1 and C.2 in Appendix C.3.2 present sequential 
photographs during the test. 

Table 4.1. Events during Test No. 469468-3-1. 
TIME (s) EVENTS 

0.000 Right front corner of vehicle bumper contacts bridge rail 
0.042 Vehicle begins to redirect 
0.072 Left rear tire on vehicle lifts off pavement 

0.186 Vehicle loses contact with bridge rail traveling at 23.8 mi/h and 
trajectory/heading angle of 7.8°/28.9° 

0.376 Left rear tire on vehicle contacts pavement 
0.759 Vehicle contacts bridge rail a second time 

 
For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and 
pickups). The 1100C vehicle exited within the exit box criteria defined in MASH. After loss of 
contact with the barrier, the vehicle yawed clockwise and came to rest 39 ft downstream of the 
point of impact.  

4.3.5 Damage to Test Installation 

Figure 4.6 shows the damage to the TxDOT C411 bridge rail. The bridge rail received 
mostly cosmetic damage in the form of scrapes and tire marks from post 28 through post 31. 
Working width was 12.0 inches (the width of the barrier), and the height of maximum working 
width was 42.0 inches (the height of the barrier). No measurable dynamic deflection or 
permanent deformation occurred.  
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Figure 4.6. TxDOT C411 Bridge Rail after Test No. 469468-3-1. 

4.3.6 Damage to Test Vehicle 

Figure 4.7 shows the damage sustained by the vehicle. The front bumper, hood, radiator 
and support, right front tire and rim, right front strut and tower, right front fender, and right front 
door were damaged. The windshield was cracked in the lower right corner due to the corner of 
the hood being pushed into it. No holes or tears were observed in the windshield. Maximum 
exterior crush to the vehicle was 14.0 inches in the front plane at the right front corner at bumper 
height. Maximum occupant compartment deformation was 4.0 inches in the right side fire 
wall/toe pan area. Figure 4.8 shows the interior of the vehicle. Tables C.2 and C.3 in Appendix 
C.3.1 provide exterior crush and occupant compartment measurements. 
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Figure 4.7. Test Vehicle after Test No. 469468-3-1. 

Figure 4.8. Interior of Test Vehicle after Test No. 469468-3-1. 

4.3.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk and results are shown in Table 4.2. Figure 4.9 summarizes these 
data and other pertinent information from the test. Figure C.3 in Appendix C.3.3 shows the 
vehicle angular displacements, and Figures C.4 through C.9 in Appendix C.3.4 show 
acceleration versus time traces. 
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Table 4.2. Occupant Risk Factors for Test No. 469468-3-1. 
Occupant Risk Factor Value Time 

OIV    
 Longitudinal 35.1 ft/s at 0.1092 s on right side of interior 

 Lateral 17.4 ft/s 
Occupant Ridedown Accelerations   

 Longitudinal 4.9 g 0.7757–0.7857 s 
 Lateral 5.4 g 0.1114–0.1214 s 

THIV 42.7 km/h 
11.9 m/s at 0.1119 s on front of interior 

PHD 5.6 g 0.1119–0.1219 s 
ASI 1.78 0.0574–0.1074 s 

Maximum 50-ms Moving Average    
 Longitudinal −16.4 g 0.0305–0.0805 s 

 Lateral −8.9 g 0.0256–0.0756 s 
 Vertical −3.4 g 0.0565–0.1065 s 

Maximum Roll, Pitch, and Yaw Angles   
 Roll 26° 2.0000 s 

 Pitch 13° 1.3813 s 
 Yaw 23° 1.1686 s 

4.3.8 Assessment of Results 

Table 4.3 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 2-10. 
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0.000 s 0.100 s 0.300 s 0.600 s 

General Information 
Test Agency ....................... 
Test Standard Test No. ...... 
TTI Test No.  ...................... 
Test Date ........................... 

Test Article 
Type .................................. 
Name ................................. 
Installation Length .............. 
Material or Key Elements ... 

Soil Type and Condition ..... 
Test Vehicle 

Type/Designation ............... 
Make and Model ................ 
Curb ................................... 
Test Inertial ........................ 
Dummy .............................. 
Gross Static ....................... 

Texas A&M Transportation Institute (TTI) 
MASH Test 2-10 
469468-3-1 
2018-05-24 

Longitudinal Barrier - Bridge Rail 
TxDOT C411 Bridge Rail 
75 ft 
42-inch tall x 12 inches thick reinforced
concrete parapet with 10-inch thick ×
12-inch wide posts and 10-inch deep × 24-
inch tall × 6-inch wide windows on 18-inch 
centers 
Concrete Deck, Damp 

1100C 
2010 Kia Rio 
2490 lb 
2447 lb 
165 lb 
2612 lb 

Impact Conditions 
Speed ................................  
Angle .................................  
Location/Orientation ...........  

Impact Severity ....................  
Exit Conditions 

Speed ................................  
 Trajectory/Heading Angle ...  
Occupant Risk Values 

Longitudinal OIV ................  
Lateral OIV .........................  
Longitudinal Ridedown .......  
Lateral Ridedown ...............  
THIV ..................................  
PHD ...................................  
ASI .....................................  

Max. 0.050-s Average 
Longitudinal ....................  
Lateral.............................  
Vertical ............................  

44.2 mi/h 
23.9° 
2.7 ft upstream of 
30th parapet window 
26 kip-ft 

23.8 mi/h 
7.8°/28.9° 

35.1 ft/s 
17.4 ft/s 
4.9 g 
5.4 g 
42.7 km/h 
5.6 g 
1.78 

−16.4 g
−8.9 g
−3.4 g

Post-Impact Trajectory 
Stopping Distance .....................  

Vehicle Stability 
Maximum Yaw Angle ................  
Maximum Pitch Angle ...............  
Maximum Roll Angle .................  
Vehicle Snagging ......................  
Vehicle Pocketing .....................  

Test Article Deflections 
Dynamic ....................................  
Permanent ................................  
Working Width...........................  
Height of Working Width ...........  

Vehicle Damage 
VDS ..........................................  
CDC ..........................................  
Max. Exterior Deformation .........  
OCDI.........................................  
Max. Occupant Compartment 

Deformation ...........................  

39 ft downstream 
Against traffic face 

23° 
13° 
26° 
Slight 
No 

None measurable 
None measurable 
12.0 inches 
42.0 inches 

02-RFQ-5
02FREW5
14.0 inches
RF1130000

4.0 inches 

Figure 4.9. Summary of Results for MASH Test 2-10 on TxDOT C411 Bridge Rail. 
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Table 4.3. Performance Evaluation Summary for MASH Test 2-10 on the TxDOT C411 Bridge Rail. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-3-1   Test Date: 2018-05-24 

MASH Test 2-10 Evaluation Criteria Test Results Assessment 
Structural Adequacy   
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 

The TxDOT C411 bridge rail contained and 
redirected the 1100C vehicle. The vehicle did not 
penetrate, underride, or override the installation. 
No measurable dynamic deflection or permanent 
deformation was observed. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

No detached elements, fragments, or other debris 
were present to penetrate or show potential for 
penetrating the occupant compartment, or to 
present hazard to others in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

Maximum occupant compartment deformation was 
4.0 inches in the right firewall area. 

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

The 1100C vehicle remained upright during and 
after the collision event. Maximum roll and pitch 
angles were 26° and 13°, respectively. 

Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 30 ft/s, or at least 
below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 35.1 ft/s, and lateral OIV 
was 17.4 ft/s.  Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 Gs, or at least below the maximum allowable value 
of 20.49 Gs. 

Maximum longitudinal 10-ms occupant ridedown 
was 4.9 g, and maximum lateral 10-ms occupant 
ridedown was 5.4 g. Pass 

Vehicle Trajectory   
 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 
box criteria (not less than 32.8 ft for the 1100C and 
2270P vehicles) and should be documented. 

The 1100C vehicle exited within the exit box 
criteria. Documentation 

only 
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4.4 MASH TEST 2-11 (TEST NO. 469468-3-2) 

4.4.1 Test Designation and Actual Impact Conditions 

MASH Test 2-11 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the CIP 
of the bridge rail at an impact speed of 44 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. The target 
CIP for MASH Test 2-11 on the TxDOT C411 was 2.6 ft ±1 ft upstream of the downstream edge 
of the 14th parapet window (see Figure 4.3).  

The 2013 RAM 1500 pickup used in the test weighed 5012 lb, and the actual impact 
speed and angle were 45.0 mi/h and 24.4°, respectively. The actual impact point was 2.2 ft 
upstream of the downstream edge of the 14th parapet window. Minimum target IS was 52 kip-ft, 
and actual IS was 58 kip-ft. 

4.4.2 Weather Conditions 

MASH Test 2-11 on the TxDOT C411 bridge rail was performed on the morning of May 
22, 2018. Weather conditions at the time of testing were as follows: wind speed: 3 mi/h; wind 
direction: 183° (vehicle was traveling in a southwesterly direction); temperature: 82°F; relative 
humidity: 79 percent. 

4.4.3 Test Vehicle 

Figures 4.10 and 4.11 show the 2013 RAM 1500 pickup used for the crash test. The 
vehicle’s test inertia weight was 5012 lb, and its gross static weight was 5177 lb. The height to 
the lower edge of the vehicle bumper was 11.75 inches, and the height to the upper edge of the 
bumper was 27.0 inches. The height to the vehicle’s center of gravity was 28.9 inches. 
Tables C.4 and C.5 in Appendix C.4.1 give additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

Figure 4.10. TxDOT C411 Bride Rail/Test Vehicle Geometrics for Test No. 469468-3-2. 
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Figure 4.11. Test Vehicle before Test No. 469468-3-2. 

4.4.4 Test Description 

The test vehicle impacted the C411 bridge rail 2.2 ft upstream of the downstream edge of 
the 14th parapet window at a speed of 45.0 mi/h and an angle of 24.4°. Table 3.4 lists events that 
occurred during Test No. 469468-3-2. Figures C.10 and C.11 in Appendix C.4.2 present 
sequential photographs during the test. 

Table 4.4. Events during Test No. 469468-3-2. 
TIME (s) EVENTS 

0.000 Right front corner of vehicle bumper contacts bridge rail 
0.039 Vehicle begins to redirect 
0.219 Vehicle loses contact with bridge rail 

0.313 Vehicle becomes parallel to, but not in contact with bridge rail 
(approximately 5 inches away) 

0.343 Right rear bed contacts bridge rail 

0.482 Vehicle loses contact with bridge rail while traveling at 29.9 mi/h and 
trajectory/heading angle of 5.9°/5.6° 

1.182 Left front of vehicle recontacts bridge rail 
1.936 Vehicle contacts secondary safety barrier that was not part of test 

 
For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and 
pickups). The 2270P vehicle exited within the exit box criteria defined in MASH. After loss of 
contact with the barrier, the vehicle yawed counterclockwise and came to rest 85 ft downstream 
of the point of impact and 6 ft toward traffic lanes.  

4.4.5 Damage to Test Installation 

Figure 4.12 shows the damage to the TxDOT C411 bridge rail. The bridge rail received 
mostly cosmetic damage consisting of scrapes and tire marks from post 14 through post 17. 
Working width was 12.0 inches (the width of the barrier), and the height of maximum working 
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width was 42.0 inches (the height of the barrier). No measurable dynamic deflection or 
permanent deformation occurred.  

Figure 4.12. TxDOT C411 Bridge Rail after Test No. 469468-3-2. 

4.4.6 Damage to Test Vehicle 

Figure 4.13 shows the damage sustained by the vehicle. The front bumper, hood, grill, 
right front fender, right lower A-arm, right upper and lower ball joints, right tie rod end, right 
front tire and rim, right front door, right rear exterior bed, and rear bumper were damaged. The 
windshield was cracked at the right lower edge due to slight contact by the hood. Maximum 
exterior crush to the vehicle was 12.0 inches in the side plane at the right front corner at bumper 
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height. Maximum occupant compartment deformation was 4.0 inches in the firewall area. 
Figure 4.14 shows the interior of the vehicle. Tables C.6 and C.7 in Appendix C.4.1 provide 
exterior crush and occupant compartment measurements. 

  

  
  

Figure 4.13. Test Vehicle after Test No. 469468-3-2. 

 

  
  

Figure 4.14. Interior of Test Vehicle after Test No. 469468-3-2. 
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4.4.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and results are shown in Table 4.5. Figure 4.15 summarizes these 
data and other pertinent information from the test. Figure C.12 in Appendix C.4.3 shows the 
vehicle angular displacements, and Figures C.13 through C.18 in Appendix C.4.4 show 
acceleration versus time traces. 

Table 4.5. Occupant Risk Factors for Test No. 469468-3-2. 
Occupant Risk Factor Value Time 

OIV 
Longitudinal 20.0 ft/s at 0.1175 s on right side of interior 

Lateral 18.0 ft/s 
Occupant Ridedown Accelerations 

Longitudinal 3.8 g 0.1437–0.1537 s 
Lateral 5.0 g 0.3941–0.4041 s 

THIV 29.3 km/h 
8.1 m/s at 0.1138 s on right side of interior 

PHD 5.6 g 0.3941–0.4041 s 
ASI 1.27 0.0692–0.1192 s 

Maximum 50-ms Moving Average 
Longitudinal −8.4 g 0.0451–0.0951 s 

Lateral −9.4 g 0.0490–0.0990 s 
Vertical 2.5 g 0.1027–0.1527 s 

Maximum Roll, Pitch, and Yaw Angles 
Roll 7° 0.3944 s 

Pitch 3° 0.9749 s 
Yaw 31° 0.4107 s 

4.4.8 Assessment of Results 

Table 4.6 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 2-11. 
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0.000 s 0.100 s 0.300 s 0.500 s 

General Information 
Test Agency ....................... 
Test Standard Test No. ...... 
TTI Test No.  ...................... 
Test Date ........................... 

Test Article 
Type .................................. 
Name ................................. 
Installation Length .............. 
Material or Key Elements ... 

Soil Type and Condition ..... 
Test Vehicle 

Type/Designation ............... 
Make and Model ................ 
Curb ................................... 
Test Inertial ........................ 
Dummy .............................. 
Gross Static ....................... 

Texas A&M Transportation Institute (TTI) 
MASH Test 2-11 
469468-3-2 
2018-05-22 

Longitudinal Barrier - Bridge Rail 
TxDOT C411 Bridge Rail 
75 ft 
42-inch tall x 12 inches thick reinforced
concrete wall w/series of 10- deep × 24-
inch tall × 6-inch wide windows on 18-inch 
centers
Concrete Deck, Damp

2270P 
2013 RAM 1500 Pickup 
4956 lb 
5012 lb 
165 lb 
5177 lb 

Impact Conditions 
Speed ................................  
Angle .................................  
Location/Orientation ...........  

Impact Severity ....................  
Exit Conditions 

Speed ................................  
 Trajectory/Heading Angle ...  
Occupant Risk Values 

Longitudinal OIV ................  
Lateral OIV .........................  
Longitudinal Ridedown .......  
Lateral Ridedown ...............  
THIV ..................................  
PHD ...................................  
ASI .....................................  

Max. 0.050-s Average 
Longitudinal ....................  
Lateral.............................  
Vertical ............................  

45.0 mi/h 
24.4° 
2.2 ft upstream of 
14th parapet window 
58 kip-ft 

29.9 mi/h 
5.9°/5.6° 

20.0 ft/s 
18.0 ft/s 
3.8 g 
5.0 g 
29.3 km/h 
5.6 g 
1.27 

−8.4 g
−9.4 g
2.5 g

Post-Impact Trajectory 
Stopping Distance .....................  

Vehicle Stability 
Maximum Yaw Angle ................  
Maximum Pitch Angle ...............  
Maximum Roll Angle .................  
Vehicle Snagging ......................  
Vehicle Pocketing .....................  

Test Article Deflections 
Dynamic ....................................  
Permanent ................................  
Working Width...........................  
Height of Working Width ...........  

Vehicle Damage 
VDS ..........................................  
CDC ..........................................  
Max. Exterior Deformation .........  
OCDI.........................................  
Max. Occupant Compartment 

Deformation ...........................  

85 ft downstream 
6 ft toward traffic 

31° 
3° 
7° 
Slight 
No 

None measurable 
None measurable 
12.0 inches 
42.0 inches 

02-RFQ-3
02FREW3
12.0 inches
RF1030000

4.0 inches 

Figure 4.15. Summary of Results for MASH Test 2-11 on TxDOT C411 Bridge Rail. 
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 Table 4.6. Performance Evaluation Summary for MASH Test 2-11 on TxDOT C411 Bridge Rail. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-3-2 Test Date: 2018-05-22 

MASH Test 2-11 Evaluation Criteria Test Results Assessment 
Structural Adequacy 
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

The TxDOT C411 bridge rail contained and 
redirected the 2270P vehicle. The vehicle did not 
penetrate, underride, or override the installation. 
No measurable dynamic deflection or permanent 
deformation was observed. 

Pass 

Occupant Risk 
D. Detached elements, fragments, or other debris from the

test article should not penetrate or show potential for
penetrating the occupant compartment, or present an
undue hazard to other traffic, pedestrians, or personnel
in a work zone.

No detached elements, fragments, or other debris 
were present to penetrate or show potential for 
penetrating the occupant compartment, or to 
present hazard to others in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

Maximum occupant compartment deformation was 
4.0 inches in the right firewall area. 

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

The 2270P vehicle remained upright during and 
after the collision event. Maximum roll and pitch 
angles were 7° and 3°, respectively. 

Pass 

H. Longitudinal and lateral occupant impact velocities
should fall below the preferred value of 30 ft/s, or at least
below the maximum allowable value of 40 ft/s.

Longitudinal OIV was 20.0 ft/s, and lateral OIV 
was 18.0 ft/s.  Pass 

I. Longitudinal and lateral occupant ridedown
accelerations should fall below the preferred value of
15.0 Gs, or at least below the maximum allowable value
of 20.49 Gs.

Maximum longitudinal 10-ms occupant ridedown 
was 3.8 g, and maximum lateral 10-ms occupant 
ridedown was 5.0 g. Pass 

Vehicle Trajectory 
For redirective devices, it is preferable that the vehicle be 
smoothly redirected and leave the barrier within the exit 
box criteria (not less than 32.8 ft for the 1100C and 
2270P vehicles), and should be documented. 

The 2270P vehicle exited within the exit box 
criteria. Documentation 

only 



 

TR No. 0-6946-R2 58 2019-03-27 

4.5 CONCLUSIONS 

The TxDOT C411 bridge rail contained and redirected the 1100C vehicle. The vehicle 
did not penetrate, underride, or override the installation. No dynamic deflection or permanent 
deformation was observed. No detached elements, fragments, or other debris were present to 
penetrate or show potential for penetrating the occupant compartment, or to present hazard to 
others in the area. Maximum occupant compartment deformation was 4.0 inches in the right 
firewall area. The 1100C vehicle remained upright during and after the collision event. 
Maximum roll and pitch angles were 26° and 13°, respectively. Occupant risk factors were 
within the allowable limits specified in MASH. The 1100C vehicle exited within the exit box 
criteria. 

The TxDOT C411 bridge rail contained and redirected the 2270P vehicle. The vehicle did 
not penetrate, underride, or override the installation. No measurable dynamic deflection or 
permanent deformation was observed. No detached elements, fragments, or other debris were 
present to penetrate or show potential for penetrating the occupant compartment, or to present 
hazard to others in the area. Maximum occupant compartment deformation was 4.0 inches in the 
right firewall area. The 2270P vehicle remained upright during and after the collision event. 
Maximum roll and pitch angles were 7° and 3°, respectively. Occupant risk factors were within 
the preferred limits specified in MASH. The 2270P vehicle exited within the exit box criteria. 

The TxDOT C411 bridge rail performed acceptably according to MASH TL-2 evaluation 
criteria as shown in Table 4.7. 

Table 4.7. Assessment Summary for MASH TL-2 Tests  
on TxDOT C411 Bridge Rail. 

 
Evaluation  

Factors 
Evaluation  

Criteria 
Test No.  

469468-3-1 
Test No.  

469468-3-2 
Structural  
Adequacy A S S 

Occupant  
Risk 

D S S 

F S S 

H S S 

I S S 

Test No. MASH Test  
2-10 

MASH Test  
2-11 

Pass/Fail Pass Pass 

S = Satisfactory 
U = Unsatisfactory 
N/A = Not Applicable 
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CHAPTER 5: 
TXDOT T1W BRIDGE RAIL 

5.1 BACKGROUND 

The TxDOT T1W bridge rail is a variation of a rail initially developed by the Wyoming 
Department of Transportation (WYDOT). The bridge rail is a 32-inch tall rail that consists of 
two rectangular tubular steel rail elements attached to fabricated steel posts mounted on a 9-inch 
tall concrete curb. The T1W bridge rail was fabricated and installed by a subcontractor under 
TTI Proving Ground supervision. An additional length of deck and curb was built to 
accommodate MASH test designation 4-12 on the TxDOT C1W bridge rail to be performed in 
Phase III. Construction of the longer length of rail during initial mobilization for the T1W rail 
provided overall cost savings to the project. The TxDOT T1W rail was evaluated in accordance 
with MASH TL-3 requirements.  

The full MASH TL-3 test matrix was performed on the T1W rail system to fully evaluate 
any vehicle interaction and snagging on the steel posts and longitudinal rail splices, and any 
occupant contact with the tubular rail members. Test designations 3-10 (small passenger car) and 
3-11 (pickup truck) were performed. Both tests were performed because the relationships 
between vehicle snagging severity and rail geometrics (such as clear opening between rail 
elements, post setback distance, and rail contact surface) are not established for the new MASH 
design test vehicles or for the small car at the new 25° impact angle prescribed by MASH. 

5.2 SYSTEM DETAILS 

5.2.1 Test Article and Installation Details 

The TxDOT T1W test installation consisted of two rectangular tubular steel rail elements 
attached to fabricated steel posts mounted on a concrete curb that was cast on an 8-inch 
reinforced cantilevered concrete deck. The curb was 9 inches tall and 14 inches wide, and had 
embedded anchor bolts for attachment of the steel posts. The posts were spaced on 9 ft centers. 
The total height of the rail was 32 inches above the deck. Two joints extended through the curb 
and one of the joints continued through the cantilever deck. The joint in the parapet was for 
geometric evaluation of the passenger car during Test 3-10 (the 1100C test location). The other 
joints that extended through both the parapet and deck provided evaluation of both rail geometry 
and structural adequacy during Test 3-11.  

Figure 5.1 presents overall information on the TxDOT T1W bridge rail, and Figure 5.2 
provides photographs of the installation. Appendix D.1 provides further details of the TxDOT 
T1W bridge rail. 

5.2.2 Material Specifications  

Appendix D.2 provides material certification documents for the materials used to 
install/construct the TxDOT T1W bridge rail.  
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Figure 5.1. Overall Details of TxDOT T1W Bridge Rail.
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1   

  
 

Figure 5.2. TxDOT T1W Bridge Rail prior to Testing. 

5.3 MASH TEST 3-10 (TEST NO. 469468-4-1) 

5.3.1 Test Designation and Actual Impact Conditions 

MASH Test 3-10 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the CIP 
of the bridge rail at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. The target 
CIP for MASH Test 3-10 on the TxDOT T1W was 3.6 ft ±1 ft upstream of the joint in the curb 
between posts 6 and 7 (see Figure 5.3).  

The 2009 Kia Rio* used in the test weighed 2430 lb, and the actual impact speed and 
angle were 61.9 mi/h and 24.8°, respectively. The actual impact point was 3.9 ft upstream of the 
joint in the curb. Minimum target IS was 51 kip-ft, and actual IS was 55 kip-ft. 

5.3.2 Weather Conditions 

MASH Test 3-10 on the TxDOT T1W bridge rail was performed on the morning of 
August 3, 2018. Weather conditions at the time of testing were as follows: wind speed: 2 mi/h; 

                                                 
* The 2009 model vehicle used is older than the 6-year age noted in MASH, and was selected based upon 
availability. An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other 
than the vehicle’s year model, this 2009 model vehicle met the MASH requirements. 
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wind direction: 184° (vehicle was traveling in a northwesterly direction); temperature: 89°F; 
relative humidity: 55 percent. 

 

 
Figure 5.3. Target CIPs for Test Nos. 469468-4-1 and 4-2. 

5.3.3 Test Vehicle 

Figures 5.4 and 5.5 show the 2009 Kia Rio used for the crash test. The vehicle’s test 
inertia weight was 2430 lb, and its gross static weight was 2595 lb. The height to the lower edge 
of the vehicle bumper was 7.75 inches, and the height to the upper edge of the bumper was 
21.5 inches. Table D.1 in Appendix D.3.1 gives additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

 

  
  

Figure 5.4. TxDOT T1W Bridge Rail/Test Vehicle Geometrics for Test No. 469468-4-1. 
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Figure 5.5. Test Vehicle before Test No. 469468-4-1. 

5.3.4 Test Description 

The test vehicle impacted the T1W bridge rail 3.9 ft upstream of the joint in the curb 
between posts 6 and 7 at a speed of 61.9 mi/h and an angle of 24.8°. Table 5.1 lists events that 
occurred during Test No. 469468-4-1. Figures D.1 and D.2 in Appendix D.3.2 present sequential 
photographs during the test. 

Table 5.1. Events during Test No. 469468-4-1. 
TIME (s) EVENTS 

0.000 Left front corner of vehicle bumper contacts bridge rail 
0.036 Vehicle begins to redirect 
0.055 Left front quarter panel of vehicle is peeled back by post 7 
0.082 Dummy breaks driver side window 
0.093 Right front tire loses contact with pavement 
0.109 Right rear tire loses contact with pavement 
0.164 Vehicle begins traveling parallel with bridge rail 
0.196 Rear left side of vehicle impacts rail 
0.292 Right front tire regains contact with ground 

0.304 
Vehicle loses contact with bridge rail at 47.7 mi/h and 
trajectory/heading angle of 7.5°/9.5°, respectively 

 
For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and 
pickups). The 1100C vehicle exited within the exit box criteria defined in MASH. After loss of 
contact with the barrier, the vehicle came to rest 154 ft downstream of the point of impact and 
16 ft toward traffic lanes.  

5.3.5 Damage to Test Installation 

Figure 5.6 shows the damage to the TxDOT T1W bridge rail. The bridge rail received 
mostly cosmetic damage consisting of scrapes and tire marks in the impact area and small cracks 
on the field side of the curb at post 7. Working width was 15.3 inches, and the height of 
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maximum working width was 25.0 inches. Maximum dynamic deflection was 1.1 inches, and 
there was no permanent deformation.  

  

  

  
 

Figure 5.6. TxDOT T1W Bridge Rail after Test No. 469468-4-1. 

5.3.6 Damage to Test Vehicle 

Figure 5.7 shows the damage sustained by the vehicle. The front bumper, hood, radiator 
and support, left strut and tower, left front tire and rim, left front door and window glass, left rear 
door, and left rear quarter panel were damaged. The windshield was cracked in the lower left 
corner and the cracks radiated toward the center. No holes or tears were observed in the 
windshield. Maximum exterior crush to the vehicle was 10.0 inches in the side plane at the left 
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front corner at bumper height. Maximum occupant compartment deformation was 3.5 inches in 
the left side fire wall/toe pan area. Figure 5.8 shows the interior of the vehicle. Tables D.2 and 
D.3 in Appendix D.3.1 provide exterior crush and occupant compartment measurements.

Figure 5.7. Test Vehicle after Test No. 469468-4-1. 

Figure 5.8. Interior of Test Vehicle after Test No. 469468-4-1. 

5.3.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and results are shown in Table 5.2. Figure 5.9 summarizes these 
data and other pertinent information from the test. Figure D.3 in Appendix D.3.3 shows the 
vehicle angular displacements, and Figures D.4 through D.9 in Appendix D.3.4 show 
acceleration versus time traces. 

5.3.8 Assessment of Results 

Table 5.3 assesses the test based on the applicable safety evaluation criteria for MASH 
Test 3-10. 
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Table 5.2. Occupant Risk Factors for Test No. 469468-4-1. 
Occupant Risk Factor Value Time 

OIV    
 Longitudinal 24.0 ft/s 0.0735 s on left side of interior 

 Lateral 31.8 ft/s 
Occupant Ridedown Accelerations   

 Longitudinal 5.4 g 0.0751–0.0851 s 
 Lateral 5.7 g 0.2152–0.2252 s 

THIV 43.4 km/h 
12.1 m/s at 0.0718 s on left side of interior 

PHD 8.1 g 0.0718–0.0818 s 
ASI 2.69 0.0446–0.0946 s 

Maximum 50-ms Moving Average    
 Longitudinal −13.7 g 0.0275–0.0775 s 

 Lateral 19.2 g 0.0185–0.0685 s 
 Vertical −2.8 g 0.0007–0.0507 s 

Maximum Roll, Pitch, and Yaw Angles   
 Roll 12° 0.7059 s 

 Pitch 4° 0.7500 s 
 Yaw 44° 0.5412 s 
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0.000 s 0.100 s 0.200 s 0.300 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
 
Soil Type and Condition .....  
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-10 
469468-4-1 
2018-08-03 
 
Longitudinal Barrier - Bridge Rail 
TxDOT T1W Bridge Rail 
139 ft 
32-in tall rail with two steel rails attached 
to fabricated steel posts spaced at 9 ft 
mounted on a 9-in tall x 14-in wide curb 
cast on an 8-in thick concrete deck. 
Concrete Deck, Damp 
 
1100C 
2009 Kia Rio 
2464 lb 
2430 lb 
165 lb 
2595 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Exit Trajectory/Heading ......  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
61.9 mi/h 
24.8° 
3.9 ft upstream of 
curb joint 
55 kip-ft 
 
47.8 mi/h 
7.5°/9.5° 
 
24.0 ft/s 
31.8 ft/s 
5.4 g 
5.7 g 
43.4 km/h 
8.1 g 
2.69 
 
-13.7 g 
19.2 g 
-2.8 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
154 ft downstream 
16 ft toward traffic 
 
44° 
4° 
12° 
Slight 
No 
 
1.1 inches 
None measurable 
15.3 inches 
25.0 inches 
 
11LFQ4 
11FLEW4 
10.0 inches 
LF0030000 
 
3.5 inches 
 

Figure 5.9. Summary of Results for MASH Test 3-10 on TxDOT T1W Bridge Rail. 
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Table 5.3. Performance Evaluation Summary for MASH Test 3-10 on the TxDOT T1W Bridge Rail. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-4-1   Test Date: 2018-08-03 

MASH Test 3-10 Evaluation Criteria Test Results Assessment 
Structural Adequacy   
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 

The TxDOT T1W bridge rail contained and 
redirected the 1100C vehicle. The vehicle did not 
penetrate, underride, or override the installation. 
Maximum dynamic deflection during the test was 
1.1 inches. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

No detached elements, fragments, or other debris 
were present to penetrate or show potential for 
penetrating the occupant compartment, or to 
present hazard to others in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

Maximum occupant compartment deformation was 
3.5 inches in the left firewall area. 

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

The 1100C vehicle remained upright during and 
after the collision event. Maximum roll and pitch 
angles were 12° and 4°, respectively. 

Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 30 ft/s, or at least 
below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 24.0 ft/s, and lateral OIV 
was 31.8 ft/s.  Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 Gs, or at least below the maximum allowable value 
of 20.49 Gs. 

Maximum longitudinal 10-ms occupant ridedown 
was 5.4 g, and maximum lateral 10-ms occupant 
ridedown was 5.7 g. Pass 

Vehicle Trajectory   
 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 
box criteria (not less than 32.8 ft for the 1100C and 
2270P vehicles) and should be documented. 

The 1100C vehicle exited within the exit box 
criteria. Documentation 

only 
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5.4 MASH TEST 3-11 (TEST NO. 469468-4-2) 

5.4.1 Test Designation and Actual Impact Conditions 

MASH Test 3-11 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the CIP 
of the bridge rail at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. The target 
CIP for MASH Test 3-11 on the TxDOT T1W was 4.3 ft upstream of the joint in the deck and 
curb between posts 4 and 5 (see Figure 5.3).  

The 2012 Dodge RAM 1500 pickup used in the test weighed 5002 lb, and the actual 
impact speed and angle were 62.0 mi/h and 25.0°, respectively. The actual impact point was 
5.0 ft upstream of the joint in the deck and curb. Minimum target impact severity was 106 kip-ft, 
and actual IS was 115 kip-ft. 

5.4.2 Weather Conditions 

MASH Test 3-11 on the TxDOT T1W bridge rail was performed on the morning of 
August 1, 2018. Weather conditions at the time of testing were as follows: wind speed: 4 mi/h; 
wind direction: 327° (vehicle was traveling in a northwesterly direction); temperature: 87°F; 
relative humidity: 50 percent. 

5.4.3 Test Vehicle 

Figures 5.10 and 5.11 show the 2012 Dodge RAM 1500 pickup used for the crash test. 
The vehicle’s test inertia weight was 5002 lb, and its gross static weight was 5002 lb. The height 
to the lower edge of the vehicle bumper was 11.75 inches, and the height to the upper edge of the 
bumper was 27.0 inches. The height to the vehicle’s center of gravity was 28.0 inches. 
Tables D.4 and D.5 in Appendix D.4.1 give additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 5.10. TxDOT T1W Bridge Rail/Test Vehicle Geometrics for Test No. 469468-4-2. 



 

TR No. 0-6946-R2 70 2019-03-27 

  
  

Figure 5.11. Test Vehicle before Test No. 469468-4-2. 

5.4.4 Test Description 

The test vehicle impacted the T1W bridge rail 5.0 ft upstream of the joint in the deck and 
curb at a speed of 62.0 mi/h and an angle of 25.0°. Table 5.4 lists events that occurred during 
Test No. 469468-4-2. Figures D.10 and D.11 in Appendix D.4.2 present sequential photographs 
during the test. 

Table 5.4. Events during Test No. 469468-4-2. 
TIME (s) EVENTS 

0.000 Left front corner of vehicle bumper contacts bridge rail 
0.037 Vehicle begins to redirect 
0.102 Maximum dynamic deflection of rail of 13.0 inches 
0.150 Right rear tire leaves the pavement 
0.171 Right front tire leaves the pavement 
0.194 Rear of vehicle contacts rail 
0.196 Vehicle becomes parallel with bridge rail 

0.369 Vehicle loses contact with bridge rail while traveling at 47.4 mi/h and 
trajectory/heading angle of 8.5°/9.2° 

0.431 Right front tire recontacts pavement 
 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and 
pickups). The 2270P vehicle exited within the exit box criteria defined in MASH. After loss of 
contact with the barrier, the vehicle yawed counterclockwise and came to rest 143 ft downstream 
of the point of impact and 10 ft toward traffic lanes.  

5.4.5 Damage to Test Installation 

Figures 5.12 and 5.13 show the damage to the TxDOT T1W bridge rail. The curb showed 
slight cracking at post 4 on the field side. The bottom splice bolt failed at the splice upstream of 
post 5, and the curb and deck were cracked on the field side. The curb at post 5 was deflected 
toward the field side 1.0 inch, and the deck was pushed down approximately 0.75 inch from the 
joint to 2 ft downstream of post 5. The U-bolt on the bottom rail of post 6 failed, but no concrete 
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damage was observed. Working width was 19.3 inches, and the height of maximum working 
width was 43.2 inches. Maximum dynamic deflection was 13.0 inches, and maximum permanent 
deformation was 3.0 inches.  

Figure 5.12. TxDOT T1W Bridge Rail after Test No. 469468-4-2. 
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Figure 5.13. Field Side of Post 5 after Test No. 469468-4-2. 

5.4.6 Damage to Test Vehicle 

Figure 5.14 shows the damage sustained by the vehicle. The front bumper, hood, grill, 
radiator and support, left front fender, left front tire and rim, left frame rail, left upper and lower 
A-arms, left front and rear door, left cab corner, left rear exterior bed, left rear tire and rim, and 
left front floor pan were damaged. Maximum exterior crush to the vehicle was 12.0 inches in the 
side plane at the left front corner at bumper height. Maximum occupant compartment 
deformation was 3.0 inches in the left side firewall area. Figure 5.15 shows the interior of the 
vehicle. Tables D.6 and D.7 in Appendix D.4.1 provide exterior crush and occupant 
compartment measurements. 

  
  

Figure 5.14. Test Vehicle after Test No. 469468-4-2. 
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Figure 5.15. Interior of Test Vehicle for Test No. 469468-4-2. 

5.4.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and results are shown in Table 5.5. Figure 5.16 summarizes these 
data and other pertinent information from the test. Figure D.12 in Appendix D.4.3 shows the 
vehicle angular displacements, and Figures D.13 through D.18 in Appendix D.4.4 show 
acceleration versus time traces. 

 
Table 5.5. Occupant Risk Factors for Test No. 469468-4-2. 

Occupant Risk Factor Value Time 
Impact Velocity    

 Longitudinal 19.4 ft/s at 0.1003 s on left side of interior 
 Lateral 25.6 ft/s 

Ridedown Accelerations   
 Longitudinal 10.1 g 0.1003–0.1103 s 

 Lateral 9.4 g 0.2353–0.2453 s 

THIV 34.0 km/h 
9.4 g at 0.0976 s on left side of interior 

PHD 12.5 g 0.0976–0.1076 s 
ASI 1.66 0.0616–0.1116 s 

Maximum 50-ms Moving Average    
 Longitudinal −8.6 g 0.0524–0.1024 s 

 Lateral 12.6 g 0.0425–0.0925 s 
 Vertical 2.9 g 0.2910–0.3410 s 

Maximum Roll, Pitch, and Yaw Angles   
 Roll 15° 0.4383 s 

 Pitch 4° 0.1169 s 
 Yaw 37° 0.6805 s 
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0.000 s 0.100 s 0.200 s 0.400 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
 
Soil Type and Condition .....  
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-11 
469468-4-2 
2018-08-01 
 
Longitudinal Barrier - Bridge Rail 
TxDOT T1W Bridge Rail 
139 ft 
32-in tall rail with two steel rails attached 
to fabricated steel posts spaced at 9 ft 
mounted on a 9-in tall x 14-in wide curb 
cast on an 8-in thick concrete deck. 
Concrete Deck, Damp 
 
2270P 
2012 Dodge RAM 1500 Pickup 
4877 lb 
5002 lb 
None 
5002 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Exit Trajectory/Heading ......  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
62.0 mi/h 
25.0° 
5.0 ft upstream of 
deck/curb joint 
115 kip-ft 
 
47.4 mi/h 
8.4°/9.2° 
 
19.4 ft/s 
25.6 ft/s 
10.1 g 
9.4 g 
34.0 km/h 
12.5 g 
1.66 
 
-8.6 g 
12.6 g 
2.9 g 
 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
143 ft downstream 
10 ft toward traffic 
 
37° 
4° 
15° 
Slight 
No 
 
13.0 inches 
3.0 inches 
19.3 inches 
43.2 inches 
 
11-LFQ-3 
11FLEW3 
12.0 inches 
LF0030000 
 
3.0 inches 
 

Figure 5.16. Summary of Results for MASH Test 2-11 on TxDOT C411 Bridge Rail. 
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5.4.8 Assessment of Results 

Table 5.6 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-11. 

5.5 CONCLUSIONS 

The TxDOT T1W bridge rail contained and redirected the 1100C vehicle. The vehicle did 
not penetrate, underride, or override the installation. Maximum dynamic deflection during the 
test was 1.1 inches. There was no permanent deformation. No detached elements, fragments, or 
other debris were present to penetrate or show potential for penetrating the occupant 
compartment, or to present hazard to others in the area. Maximum occupant compartment 
deformation was 3.5 inches in the left firewall area. The 1100C vehicle remained upright during 
and after the collision event. Maximum roll and pitch angles were 12° and 4°, respectively. 
Occupant risk factors were within the allowable limits specified in MASH. The 1100C vehicle 
exited within the exit box criteria.  

The TxDOT T1W bridge rail contained and redirected the 2270P vehicle. The vehicle did 
not penetrate, underride, or override the installation. Maximum dynamic deflection during the 
test was 13.0 inches, and maximum permanent deformation was 3.0 inches. No detached 
elements, fragments, or other debris were present to penetrate or show potential for penetrating 
the occupant compartment, or to present hazard to others in the area. Maximum occupant 
compartment deformation was 3.0 inches in the left firewall area. The 2270P vehicle remained 
upright during and after the collision event. Maximum roll and pitch angles were 15° and 4°, 
respectively. Occupant risk factors were within the preferred limits specified in MASH. The 
2270P vehicle exited within the exit box criteria. 

The TxDOT T1W bridge rail performed acceptably according to MASH TL-3 evaluation 
criteria as shown in Table 5.7. 
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Table 5.6. Performance Evaluation Summary for MASH Test 3-11 on TxDOT T1W Bridge Rail. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-4-2   Test Date: 2018-08-01 

MASH Test 3-11 Evaluation Criteria Test Results Assessment 
Structural Adequacy   
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 

The TxDOT T1W bridge rail contained and 
redirected the 2270P vehicle. The vehicle did not 
penetrate, underride, or override the installation. 
Maximum dynamic deflection during the test was 
13.0 inches, and maximum permanent deformation 
was 3.0 inches. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

No detached elements, fragments, or other debris 
were present to penetrate or show potential for 
penetrating the occupant compartment, or to 
present hazard to others in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

Maximum occupant compartment deformation was 
3.0 inches in the left firewall area. 

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

The 2270P vehicle remained upright during and 
after the collision event. Maximum roll and pitch 
angles were 15° and 4°, respectively. 

Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 30 ft/s, or at least 
below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 19.4 ft/s, and lateral OIV 
was 25.6 ft/s.  Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 Gs, or at least below the maximum allowable value 
of 20.49 Gs. 

Maximum longitudinal 10-ms occupant ridedown 
was 10.1 g, and maximum lateral 10-ms occupant 
ridedown was 9.4 g. Pass 

Vehicle Trajectory   
 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 
box criteria (not less than 32.8 ft for the 1100C and 2270P 
vehicles) and should be documented. 

The 2270P vehicle exited within the exit box 
criteria. Documentation 

only 
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Table 5.7. Assessment Summary for MASH TL-3 Tests  
on TxDOT T1W Bridge Rail. 

 
Evaluation  

Factors 
Evaluation  

Criteria 
Test No.  

469468-4-1 
Test No.  

469468-4-2 
Structural  
Adequacy A S S 

Occupant  
Risk 

D S S 

F S S 

H S S 

I S S 

Test No. MASH Test  
3-10 

MASH Test  
3-11 

Pass/Fail Pass Pass 

S = Satisfactory 
U = Unsatisfactory 
N/A = Not Applicable 
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CHAPTER 6: 
ROUND WOOD POST W-BEAM GUARDRAIL 

6.1 BACKGROUND* 

Details of TxDOT W-beam guardrail or metal beam guard fence (MBGF) is provided on 
standard GF(31)-14. TxDOT uses a Midwest guardrail system (MGS) with 8-inch deep offset 
blocks between the posts and W-beam rail. The MGS system has a mounting height of 31 inches 
to the top of the W-beam and rail splices located midspan between support posts. Three different 
post types can be used in the TxDOT W-beam guardrail system: a W6×8.5 steel post, a nominal 
6-inch × 8-inch rectangular wood post, and a round wood post with a minimum 7-inch diameter.

The steel and rectangular wood post variations of the MGS have been successfully tested 
to MASH criteria in a variety of configurations (4,5,6). Various configurations of W-beam 
guardrail with round wood posts were successfully tested to NCHRP Report 350 requirements 
(7,8). However, none of these round wood post configurations have been evaluated according to 
MASH criteria. Thus, there was a desire to evaluate the Texas W-beam guardrail with round 
wood posts following TxDOT standards in accordance with MASH.  

The primary consideration for the evaluation of the W-beam guardrail with round wood 
post is structural adequacy. The rectangular and round wood posts that have been successfully 
tested have a greater section modulus than the nominal 7-inch diameter round wood post used by 
TxDOT. Thus, MASH Test 3-11 with the pickup truck was considered the critical test by TxDOT 
and TTI researchers. The impact performance with the passenger car should be acceptable based 
on the reduced snagging severity associated with the geometry of the round post compared to the 
steel and rectangular wood posts that have been successfully tested.  

6.2 SYSTEM DETAILS 

6.2.1 Test Article and Installation Details 

The test installation consisted of a 31-inch tall W-beam guardrail with round wood posts 
(posts 3 through 28) installed in MASH compacted soil, with a TxDOT downstream anchor 
terminal (DAT) [GF (31) DAT-14] on each end, for a total installation length of 181 ft-3 inches. 
Modified wood blockouts (similar to PDB01) for round wood posts were installed on posts 3 
through 28 using 18-inch long guardrail bolts, USS flat washers, and recessed guardrail nuts 
(FBB04).  

Standard 12-gauge W-beam guardrail (type RWM04a) was used in the system. The top of 
the W-beam was 31 inches above grade, and the guardrail splices were located mid-span 
between every other post. Posts were equally spaced at 6 ft-3 inches.  

Guardrail posts 3 through 28 were nominal 7-inch diameter, 6 ft-3 inch–long (including a 
rounded top) round wood guardrail line posts. The wood blockouts nominally measured 

* The opinions/interpretations identified/expressed in Section 6.1 are outside the scope of TTI Proving Ground’s
A2LA Accreditation.
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14 inches tall × 6 inches wide × 8 inches deep, including a routered 3½-inch radius on the post 
side. These posts were installed 40 inches deep in drilled holes that were backfilled and 
compacted with soil meeting Grading B of AASHTO standard specification M147-65(2004) 
“Materials for Aggregate and Soil Aggregate Subbase, Base and Surface Courses.”  

Each TxDOT GF (31) DAT-14 terminal was 9 ft-4½ inches long as measured from their 
anchor posts to the W-beam splice between posts 2 and 3 and posts 28 and 29, respectively.  

Figure 6.1 presents overall information on the Round Wood Post W-Beam Guardrail, and 
Figure 6.2 provides photographs of the installation. Appendix E.1 provides further details of the 
Round Wood Post W-Beam Guardrail. 

6.2.2 Material Specifications  

Appendix E.2 provides material certification documents for the materials used to 
install/construct the Round Wood Post W-Beam Guardrail. 

6.2.3 Soil Conditions 

The test installation was installed in standard soil meeting grading B of AASHTO 
standard specification M147-65(2004) “Materials for Aggregate and Soil Aggregate Subbase, 
Base and Surface Courses.” 

In accordance with Appendix B of MASH, soil strength was measured the day of the 
crash test. During installation of the guardrail for full-scale crash testing, two W6×16 posts were 
installed in the immediate vicinity of the guardrail using the same fill materials and installation 
procedures used in the test installation and the prior standard dynamic tests. Table E.1 in 
Appendix E.3 presents minimum soil strength properties established through the prior dynamic 
testing performed in accordance with MASH Appendix B. 

As determined by the tests summarized in Appendix E.3, Table E.1, the minimum post 
loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of 
25 inches, are 3940 lb, 5500 lb, and 6540 lb, respectively (90 percent of static load for the initial 
standard installation). On the day of the test, November 27, 2017, loads on the post at deflections 
of 5 inches, 10 inches, and 15 inches were 7676 lbf, 8686 lbf, and 8737 lbf, respectively. 
Table E.2 in Appendix E.3 shows the strength of the backfill material in which the guardrail was 
installed met minimum MASH requirements. 

6.3 MASH TEST 3-11 (CRASH TEST NO. 469468-5-1) 

6.3.1 Test Designation and Actual Impact Conditions 

MASH Test 3-11 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the CIP 
of the guardrail at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. The target 
CIP for MASH Test 3-11 on the Round Wood Post W-Beam Guardrail was 12 ft ±1 ft upstream 
of post 14 (which corresponds to 6 inches downstream of post 12 as shown in Figure 6.3). This 
point was selected using information in MASH section 2.3.2. 
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Figure 6.1. Overall Details of Round Wood Post W-Beam Guardrail. 
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Figure 6.2. Round Wood Post W-Beam Guardrail prior to Testing. 
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Figure 6.3. Target CIP for MASH Test 3-11 on the Round Wood Post W-Beam Guardrail. 

The 2012 Dodge RAM 1500 pickup truck used in the test weighed 5029 lb, and the 
actual impact speed and angle were 64.2 mi/h and 25.6°, respectively. The actual impact point 
was at post 12. Minimum target IS was 106 kip-ft, and actual IS was 129 kip-ft. 

6.3.2 Weather Conditions 

The test was performed on the morning of November 27, 2017. Weather conditions at the 
time of testing were as follows: wind speed: 5 mi/h; wind direction: 167° (vehicle was traveling 
in a southwesterly direction); temperature: 67°F; relative humidity: 54 percent. 

6.3.3 Test Vehicle 

Figures 6.4 and 6.5 show the 2012 Dodge RAM 1500 pickup truck used for the crash test. 
The vehicle’s test inertia weight was 5029 lb, and its gross static weight was 5029 lb. The height 
to the lower edge of the vehicle bumper was 11.75 inches, and the height to the upper edge of the 
bumper was 27.0 inches. The height to the vehicle’s center of gravity was 29.0 inches. 
Tables E.3 and E.4 in Appendix E.4 give additional dimensions and information on the vehicle. 
The vehicle was directed into the installation using a cable reverse tow and guidance system, and 
was released to be freewheeling and unrestrained just prior to impact. 

Figure 6.4. Round Wood Post W-Beam Guardrail/Test Vehicle Geometrics for Test No. 
469468-5-1. 
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Figure 6.5. Test Vehicle before Test No. 469468-5-1. 

6.3.4 Test Description 

The test vehicle impacted the Round Wood Post W-Beam Guardrail at post 12 at a speed 
of 64.2 mi/h and an angle of 25.6°. Table 6.1 lists events that occurred during Test No. 469468-
5-1. Figures E.1 and E.2 in Appendix E.5 present sequential photographs during the test.

Table 6.1. Events during Test No. 469468-5-1. 
TIME (s) EVENTS 

0.000 Right front corner of vehicle bumper contacts guardrail 
0.012 Post 12 begins to deflect to field side and then fractures 
0.021 Post 13 begins to deflect to field side and then fractures 
0.031 Post 11 begins to deflect to field side and then fractures 
0.035 Vehicle begins to redirect 
0.041 Blockout and bolt release from post 12 
0.050 Post 14 begins to deflect to field side and then fractures 
0.065 Blockout and bolt release from post 13 
0.068 Post 15 deflects to field side and then fractures 
0.084 Right front tire impacts post 13 and rides up and over post 
0.085 Post 12 fully fractured at grade level 
0.106 Blockout and bolt release from post 14 
0.113 Post 16 begins to deflect to field side 
0.119 Post 16 fractures on traffic side of post about 6 inches above grade level 
0.169 Vehicle begins to override guardrail at post 15 
0.248 Right rear quarter panel and bumper impacts rail between posts 12 and 13 
0.350 Right rear wheel rides over guardrail at post 16-17 
0.375 Vehicle becomes parallel with guardrail 
0.595 Vehicle overrides and loses contact with guardrail while traveling at 51.2 mi/h 
0.598 Right rear wheel lands back on soil behind guardrail 
0.739 Right front wheel lands back on soil behind guardrail 
0.930 Vehicle lands on right side and begins to roll 
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For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 
within the exit box criteria (not less than 32.8 ft downstream from impact for cars and pickups). 
The 2270P vehicle vaulted and penetrated behind the guardrail and did not redirect or exit within 
the exit box criteria defined in MASH. After overriding the guardrail, the vehicle came to rest 
160 ft downstream of the point of impact and 11 ft behind the guardrail.  

6.3.5 Damage to Test Installation 

Figures 6.6 through 6.9 show damage to the Round Wood Post W-Beam Guardrail. Post 
1 was pulled upstream 4.0 inches, and post 2 was pulled upstream 2.6 inches. The W-beam rail 
element released from posts 1 through 18. Post 11 was pulled upstream and pushed toward field 
side 0.5 inch. Posts 12 through 17 fractured at ground level. Post 12 with blockout attached was 
resting 10 ft toward the field side, and post 13 was resting under the rail element. The blockout 
on post 14 split, and the post was resting 7 ft toward the traffic side. Post 15 and 16 were resting 
on the field side close to their initial locations, and the blockout of post 16 was split. Post 17 was 
resting 10 ft downstream and 7 ft toward the field side of its initial position. The soil around post 
18 was disturbed, the blockout was split and released from the post, but the post was intact. The 
vehicle came to rest 11 ft behind the installation. Maximum dynamic deflection during the test 
was 4.8 ft, and maximum permanent deformation was 3.0 ft.  

  
 

Figure 6.6. Round Wood Post W-Beam Guardrail/Test Vehicle after Test No. 469468-5-1. 

 

  
 

Figure 6.7. Upstream Terminal after Test No. 469468-5-1. 
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Figure 6.8. Posts 11 through 17 after Test No. 469468-5-1. 
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Figure 6.9. Round Wood Post W-Beam Guardrail after Test No. 469468-5-1. 

6.3.6 Damage to Test Vehicle 

Figure 6.10 shows the damage sustained by the vehicle. The front bumper, hood, left and 
right front fenders, left and right front tires and rims, left and right front and rear doors, left and 
right exterior bed, rear bumper, roof, and windshield were damaged. Maximum exterior crush to 
the vehicle was 10.0 inches in the front plane at the right front corner at bumper height. 
Maximum occupant compartment deformation was 5.0 inches in the right front floor pan. 
Figure 6.11 shows the interior of the vehicle. Tables E.5 and E.6 in Appendix E.4 provide 
exterior crush and occupant compartment measurements. 

  

  
  

Figure 6.10. Test Vehicle after Test No. 469468-5-1. 
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Figure 6.11. Interior of Test Vehicle for Test No. 469468-5-1. 

6.3.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and results are shown in Table 6.2. Figure 6.12 summarizes these 
data and other pertinent information from the test. Figure E.3 in Appendix E.5 shows the 
vehicle angular displacements, and Figures E.4 through E.9 in Appendix E.6 show 
acceleration versus time traces. 

 
Table 6.2. Occupant Risk Factors for Test No. 469468-5-1. 

Occupant Risk Factor Value Time 
OIV   

 Longitudinal 14.1 ft/s at 0.1745 s on right side of interior 
 Lateral 14.8 ft/s 

Occupant Ridedown Accelerations   
 Longitudinal 6.0 g 0.2970–0.3070 s 

 Lateral 17.0 g 3.6466–3.6566 s 

THIV 21.1 km/h 
5.9 m/s at 0.1685 s on right side of interior 

PHD 17.1 g 3.6465–3.6565 s 
ASI 1.39 3.6530–3.7030 s 

Maximum 50-ms Moving Average    
 Longitudinal −4.2 g 0.1396–0.1896 s 

 Lateral −10.7 g 3.6319–3.6819 s 
 Vertical 7.0 g 1.9069–1.9569 s 

Maximum Roll, Pitch, and Yaw Angles   
 Yaw 121° 3.7231 s 
 Pitch 21° 3.0410 s 
 Roll 1265° 5.0000 s 
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0.000 s 0.200 s 0.400 s 0.700 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-11 
469468-5-1 
2017-11-27 
 
Guardrail 
TxDOT Round Wood Post Guardrail 
181 ft 3 inches 
31-inch tall W-beam guardrail with 
nominal 7-in diameter round wood posts 
at 6 ft-3 in spacing embedded 40 in 
AASHTO M147-65(2004), grading B Soil 
(crushed limestone), Damp 
 
2270P 
2012 Dodge RAM 1500 pickup truck 
4936 lb 
5029 lb 
No dummy 
5029 lb 
 

Impact Conditions 
 Speed ................................  
 Angle ..................................  
 Location/Orientation ...........  
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Trajectory/Heading Angle ...  
Occupant Risk Values 
 Longitudinal OIV .................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ...................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal.....................  
  Lateral .............................  
  Vertical ............................  

 
64.2 mi/h 
25.6° 
At post 12 
129 kip-ft 
 
51.2 mi/h 
17.4°/16.4° 
 
14.1 ft/s 
14.8 ft/s 
6.0 g 
17.0 g 
21.1 km/h 
17.1 g 
1.39 
 
-4.2 g 
-10.7 g 
7.0 g 
 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width ...........................  
 Height of Working Width............  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI .........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
160 ft downstream 
11 ft twd field side 
 
121° 
21° 
Rolled 3.5 revolutions 
No 
No 
 
57.4 inches 
36.0 inches 
NA 
NA 
 
01R&T2 
01FREK3/01FROA3 
10.0 inches 
AS0200000 
 
5.0 inches  
 

Figure 6.12. Summary of Results for MASH Test 3-11 on Round Wood Post W-Beam Guardrail. 
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6.3.8 Assessment of Test Results 

Table 6.3 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-11.  

6.4 CONCLUSIONS 

The Round Wood Post W-Beam Guardrail did not contain or redirect the 2270P vehicle. 
The vehicle overrode the installation. Maximum dynamic deflection prior to override of the 
installation was 4.8 ft. Post and blockout fragments were present but did not penetrate or show 
potential for penetrating the occupant compartment, or to present undue hazard to others in the 
area. Maximum occupant compartment deformation was 5.0 inches in the right front floor pan 
area. The 2270P vehicle rolled 3.5 revolutions after overriding the installation. Occupant risk 
factors were within the limits specified in MASH.  

Due to override of the installation and subsequent rollover of the 2270P vehicle, the 
Round Wood Post W-Beam Guardrail did not perform acceptably for MASH Test 3-11. 
 



TR
 N

o. 0-6946-R
2  

91 
2019-03-27 

 

 

 

Table 6.3. Performance Evaluation Summary for MASH Test 3-11 on Round Wood Post W-Beam Guardrail. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-5-1   Test Date: 2017-11-27 

MASH Test 3-11 Evaluation Criteria Test Results Assessment 
Structural Adequacy   
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 

The Round Wood Post W-Beam Guardrail did not 
contain or redirect the 2270P vehicle. The vehicle 
overrode the installation. Maximum dynamic 
deflection prior to override of the installation was 
4.8 ft. 

Fail 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

Post and blockout fragments were present but did 
not penetrate or show potential for penetrating the 
occupant compartment, or to present undue hazard 
to others in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

Maximum occupant compartment deformation as 
5.0 inches in the right front floor pan area. 

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

The 2270P vehicle rolled 3.5 revolutions after 
overriding the installation. Fail 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 30 ft/s, or at least 
below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 14.1 ft/s, and lateral OIV 
was 14.8 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 Gs, or at least below the maximum allowable value 
of 20.49 Gs. 

Maximum longitudinal occupant ridedown 
acceleration was 6.0 g, and maximum lateral 
occupant ridedown acceleration was 17.0 g. Pass 

Vehicle Trajectory   
 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 
box criteria (not less than 32.8 ft for the 1100C and 
2270P vehicles) and should be documented. 

The 2270P vehicle overrode the guardrail and did 
not exit the guardrail within the exit box criteria. Documentation 

only 
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CHAPTER 7: 
TXDOT 42-INCH SINGLE SLOPE CONCRETE MEDIAN BARRIER 

WITH LIGHT POLE 

7.1 BACKGROUND* 

Light poles are sometimes attached to concrete median barrier to provide desired 
roadway illumination. TxDOT has a standard detail sheet for this practice for both a 32-inch 
concrete F-shape median barrier (CSB(4)-10) and a 42-inch single slope median barrier 
(SSCB(4)-10). 

The 32-inch F-shape barrier does not meet the minimum 36-inch height requirement for a 
MASH TL-4 barrier; therefore, it would only be suitable to test this system to MASH TL-3. The 
42-inch single slope barrier accommodates MASH TL-4 when proper anchorage or lateral 
support is provided to the barrier.  

MASH Test 4-12 on a 42-inch single slope concrete median barrier with light pole was 
considered more critical. The box of the 10000S single unit truck will have significant 
interaction with the light pole at a substantial height. This will evaluate the structural adequacy 
of the median barrier mounted light pole. It is desirable for the tall light pole to maintain 
structural integrity and not collapse, bend, or otherwise release from the barrier and fall across 
oncoming traffic. MASH Tests 4-11 and 4-10 were not considered necessary because the single 
slope profile is considered a crashworthy shape and, given the height of the barrier, the test 
vehicles would not engage the barrier-mounted light pole.  

7.2 TEST ARTICLE AND INSTALLATION DETAILS 

The test installation was 120 ft long and consisted of a 42-inch-tall reinforced single 
slope concrete barrier (SSCB) with a light pole mounted approximately 40 ft from one end. The 
parapet was 9¼ inches wide at the top for a distance of 24 inches centered at the light pole, 
tapering to 8 inches wide over 48 inches of length each direction. The SSCB was 24 inches wide 
at bottom for its full length. The 10-ft tapered section to which the light pole was mounted was 
secured to an 8-inch thick × 24-inch wide reinforced slab. A 1-inch thick × 9 ft wide layer of 
asphalt was placed on both sides of the installation to provide lateral support for the SSCB. Thus, 
the height of the barrier above the asphalt overlay was 41 inches.  

The light pole was mounted to the top of the SSCB following details and specifications of 
standard sheet RIP(2)-11. The light pole was supplied and installed by a subcontractor under 
supervision of TTI Proving Ground. The light pole was secured to the top of the barrier using the 
appropriate concrete barrier anchor bolt assembly detail. The 43-ft tall pole was configured with 
double mast arms that had a nominal length of 12 ft. The effective mounting height of the 
luminaires was 48 ft above the top of the barrier.  

Figure 7.1 presents overall information on the TxDOT 42-inch single slope concrete 
median barrier with light pole, and Figure 7.2 provides photographs of the installation. Appendix 
F.1 provides further details of the TxDOT 42-inch single slope concrete median barrier with light 
pole. 

                                                 
* The opinions/interpretations identified/expressed in Section 7.1 are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 
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Figure 7.1. Overall Details of TxDOT 42-Inch Single Slope Concrete Median Barrier with Light Pole.
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Figure 7.2. TxDOT 42-Inch Single Slope Concrete Median Barrier with Light Pole prior to 
Testing. 

7.3 MATERIAL SPECIFICATIONS  

Appendix F.2 provides material certification documents for the materials used to 
install/construct the TxDOT C412 bridge rail.  
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7.4 MASH TEST 3-12 (469468-6-1) 

7.4.1 Test Designation and Actual Impact Conditions 

MASH Test 4-12 involves a 10000S vehicle weighing 22,000 lb ±660 lb impacting the 
CIP of the barrier at an impact speed of 56 mi/h ±2.5 mi/h and an angle of 15° ±1.5°. The CIP for 
MASH Test 4-12 on the TxDOT 42-inch single-slope concrete barrier with light pole was 10.6 ft 
±1 ft upstream of the light pole. This distance was determined to generate the maximum lateral 
penetration of the box of the single unit truck based on video analysis of MASH Test 4-12 on a 
42-inch single slope barrier (9).  

The 2013 International 4300 single-unit truck used in the test weighed 22,100 lb, and the 
actual impact speed and angle were 57.2 mi/h and 14.5°, respectively. The actual impact point 
was 10.4 ft upstream of the light pole. Minimum target IS was 142 kip-ft, and actual IS was 
152 kip-ft. 

7.4.2 Weather Conditions 

The test was performed on the morning of August 28, 2018. Weather conditions at the 
time of testing were as follows: wind speed: 6 mi/h; wind direction: 219° (vehicle was traveling 
in a southwesterly direction); temperature: 88°F; relative humidity: 68 percent. 

7.4.3 Test Vehicle 

Figures 7.3 and 7.4 show the 2013 International 4300 single-unit truck used for the crash 
test. The vehicle’s test inertia weight was 22,100 lb. The height to the lower edge of the vehicle 
bumper was 16.25 inches, and the height to the upper edge of the bumper was 33.25 inches. The 
height to the center of gravity of the vehicle’s ballast was 63.25 inches. Table F.1 in Appendix 
F.3 gives additional dimensions and information on the vehicle. The vehicle was directed into the 
installation using a cable reverse tow and guidance system, and was released to be freewheeling 
and unrestrained just prior to impact. 

  
  

Figure 7.3. TxDOT 42-Inch Single Slope Concrete Median Barrier with Light Pole/Test 
Vehicle Geometrics for Test No. 469468-6-1. 
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Figure 7.4. Test Vehicle before Test No. 469468-6-1. 

7.4.4 Test Description 

The test vehicle impacted the 42-inch single slope barrier 10.4 ft upstream of the light 
pole at a speed of 57.2 mi/h and an angle of 14.5°. Table 7.1 lists events that occurred during 
Test No. 469468-6-1. Figure F.1 in Appendix F.33 presents sequential photographs during the 
test. 

Table 7.1. Events during Test No. 469468-6-1. 
TIME (s) EVENTS 

0.000 Right front corner of vehicle bumper contacts barrier 
0.051 Right front bumper reaches joint in barrier 
0.900 Vehicle begins to redirect 
0.110 Right front of vehicle contacts light pole 
0.122 Right front fender begins to wrap around light pole 
0.206 Right front box contacts light pole 
0.225 Right side wall of box begins to separate from the vehicle 
0.262 Top left of box begins to open at top seam and roof of box begins to tear 

off 
0.278 Vehicle becomes parallel with barrier 
0.449 Light pole reaches rear roll-up door of box 
0.481 Right side of rear door begins to pull off right side wall 
0.489 Left side of rear door begins to pull off left side wall 
0.555 Door and right side wall separate from vehicle 

 
For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 65.6 ft downstream from loss of contact for heavy 
vehicles). The 10000S vehicle exited within the exit box criteria defined in MASH. After loss of 
contact with the barrier, the vehicle yawed counterclockwise and came to rest 298 ft downstream 
of the point of impact and 2 ft toward traffic lanes.  
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7.4.5 Damage to Test Installation 

Figure 7.5 shows the damage to the TxDOT 42-inch Single Slope Concrete Median 
Barrier with Light Pole. The barrier had gouge marks in the impact area, but there were no 
cracks or other damage observed. The light pole remained upright and intact with some marring 
around the base. The light fixtures disconnected from the luminaire arms and fell to the ground 
on each side of the barrier. The concrete around the upstream field side anchor bolt spalled off. 
Working width was 80.5 inches, and the height of maximum working width was 130.0 inches. 
Maximum dynamic deflection was not obtainable due to the vehicle obstructing the view of the 
barrier. There was no measurable permanent deformation.  

  
 

Figure 7.5. TxDOT 42-Inch Single Slope Concrete Median Barrier with Light Pole/Test 
Vehicle after Test No. 469468-6-1. 

 

  

  
 

Figure 7.6. TxDOT 42-Inch Single Slope Concrete Median Barrier after Test No. 469468-6-1. 
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Figure 7.7. Light Pole after Test No. 469468-6-1. 

7.4.6 Damage to Test Vehicle 

Figure 7.8 shows the damage to the vehicle. The front bumper, hood, right front tire and 
rim, front axle, front springs and U-bolts, right door, right fuel tank and side steps, right rear 
outer tire and rim were damaged. The right side of the box, roof of the box, rear of the box, and 
the roll-up rear door were pulled off of the bed of the truck. Maximum exterior crush to the 
exterior of the vehicle was 14.0 inches in the side plane at the right front corner at bumper 
height, and maximum occupant compartment deformation was 5.0 inches in the right front 
corner of the floor pan. Figure 7.9 shows the interior of the vehicle.  

7.4.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
information purposes only, and results are shown in Table 7.2. Figure 7.10 summarizes these 
data and other pertinent information from the test. Figure F.2 in Appendix F.5 shows the 
vehicle angular displacements, and Figures F.3 through F.8 in Appendix F.6 show 
acceleration versus time traces. 
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Figure 7.8. Test Vehicle after Test No. 469468-6-1. 
 

  
  

Figure 7.9. Interior of Test Vehicle after Test No. 469468-6-1. 
 

Table 7.2. Occupant Risk Factors for Test No. 469468-6-1. 
Occupant Risk Factor Value Time 

OIV    
 Longitudinal 6.9 ft/s at 0.2188 s on right side of interior  Lateral 11.2 ft/s 

Occupant Ridedown Accelerations   
 Longitudinal 11.7 g 0.2849–0.2949 s 

 Lateral 10.0 g 0.2289–0.2389 s 

THIV 14.7 km/h 
4.1 m/s at 0.2126 s on right side of interior 

PHD 12.3 g 0.2847–0.2947 s 
ASI 0.56 0.3069–0.3569 s 

Maximum 50-ms Moving Average    
 Longitudinal −4.2 g 0.2846–0.3346 s 

 Lateral −4.8 g 0.2907–0.3407 s 
 Vertical 2.5 g 0.1662–0.2162 s 

Maximum Roll, Pitch, and Yaw Angles   
 Roll 30° 0.7333 s 

 Pitch 33° 4.8915 s 
 Yaw 37° 3.0135 s 
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0.000 s 0.100 s 0.300 s  0. 500 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 4-12 
469468-6-1 
2018-08-28 
 
Median Barrier with Light Pole and 2 
luminaire arms 
42-inch Single Slope CMB 
120 ft 
43-ft tall light pole with double mast arms 
mounted on 42-inch single slope concrete 
median barrier keyed in 1-in asphalt  
Concrete surface, damp 
 
 
10000S 
2013 International 4300 
13,980 lb 
22,100 lb 
No dummy 
22,100 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Angle .................................  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
57.2 mi/h 
14.5°  
10.4 ft upstream of 
Light Support 
152 kip-ft 
 
Out of view 
Out of view 
 
6.9 ft/s 
11.2 ft/s 
11.7 g 
10.0 g 
14.7 km/h 
12.3 g 
0.56 
 
-4.2 g 
-4.8 g 
2.5 g 
 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Working Width Height ...............  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
298 ft downstream 
2 ft toward traffic 
 
37° 
33° 
30° 
Slight 
No 
 
Not obtainable 
None measurable 
80.5 inches 
130.0 inches 
 
NA 
01FREW4 
14.0 inches 
NA 
 
5.0 inches 

Figure 7.10. Summary of Results for MASH Test 5-12 on TxDOT 42-Inch Single Slope Concrete Median Barrier with Light 
Pole. 
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7.4.8 Assessment of Test Results 

Table 7.3 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 4-12. 

7.5 CONCLUSIONS 

The TxDOT 42-inch Single Slope Concrete Median Barrier with Light Pole contained 
and redirected the 10000S vehicle. The vehicle did not penetrate, underride, or override the 
installation. Maximum dynamic deflection during the test was not obtainable due to vehicle 
obstruction of view. No detached elements, fragments, or other debris from the test article were 
present to penetrate or show potential for penetrating the occupant compartment or to present 
hazard to others in the area. The 10000S vehicle remained upright during and after the collision 
event. Maximum roll was 30°. The 10000S vehicle exited within the exit box criteria. 

The TxDOT 42-inch Single Slope Concrete Median Barrier with Light Pole performed 
acceptably for MASH Test 4-12. 
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Table 7.3. Performance Evaluation Summary for MASH Test 5-12 on TxDOT 42-Inch Single Slope Concrete Median 
Barrier with Light Pole. 

Test Agency: Texas A&M Transportation Institute Test No.: 469468-6-1   Test Date: 2018-08-28 
MASH Test 4-12 Evaluation Criteria Test Results Assessment 

Structural Adequacy   
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 

The TxDOT 42-inch Single Slope Concrete 
Median Barrier with Light Pole contained and 
redirected the 10000S vehicle. The vehicle did 
not penetrate, underride, or override the 
installation. Maximum dynamic deflection 
during the test was not obtainable due to vehicle 
obstruction of view. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from 

the test article should not penetrate or show potential 
for penetrating the occupant compartment, or present 
an undue hazard to other traffic, pedestrians, or 
personnel in a work zone.  

No detached elements, fragments, or other debris 
from the test article were present to penetrate or 
show potential for penetrating the occupant 
compartment or to present hazard to others in the 
area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in 
Section 5.3 and Appendix E of MASH. 

Maximum occupant compartment deformation 
was 5.0 inches in the right front corner of the 
floor pan. 

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

The 10000S vehicle remained upright during and 
after the collision event. Maximum roll was 30°. Pass 

Vehicle Trajectory   
 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 
box criteria (not less than 65.6 ft for the 36000V vehicle) 
and should be documented. 

The 10000S vehicle exited within the exit box 
criteria. Documentation 

only 
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CHAPTER 8: 
SKID-MOUNTED SINGLE-POST PERFORATED STEEL TUBE 

TEMPORARY SIGN SUPPORT 

8.1 BACKGROUND* 

The skid-mounted single perforated steel tube temporary sign support system is designed 
for use with a 9 sq. ft lightweight, extruded, hollow-core plastic sign substrate. Details can be 
found on TxDOT Barricade and Construction sheet BC(5)-14. The single support system was 
considered acceptable based on the original development and testing of a similar dual post 
system under NCHRP Report 350 at both 0° and 90°, which is a requirement of a free-standing 
work zone traffic control device (10).  

Although the small passenger car has changed under MASH, its performance in frontal 
impacts with large, skid-mounted, breakaway sign support systems is not expected to differ 
appreciably. Therefore, only test designation 3-72 with the 2270P pickup truck in both the 0° and 
90° impact orientations was considered necessary to assess MASH compliance.  

MASH states “that lightweight free-standing features cannot cause sufficient velocity 
change to result in failure of the test under occupant risk criteria. Therefore, Tests 3-71 and 3-72 
can be conducted without the instrumentation necessary for determining occupant risk whenever 
the test article has a total weight of 220 lb (100 kg) or less.” Consequently, the pickup truck test 
vehicle was not instrumented in the testing of the free-standing skid-mounted single perforated 
steel tube temporary sign support system.  

8.2 SYSTEM DETAILS 

These test installations consisted of three main parts. A 36-inch square extruded, hollow-
core plastic sign panel was secured to an approximately 11 ft long section of 1¾-inch square 
perforated steel tubing with two hex bolts with fender washers under the head of the bolt. This 
tubing was inserted into a 4-ft long sleeve fabricated from 2-inch square perforated steel tubing 
and secured with a bolt, nut, and fender washers such that the bottom corner of the sign was 
approximately 84 inches above grade. The sleeve was welded to an I-shaped skid fabricated from 
1¾-inch and 2-inch square perforated steel tubing. All square perforated tubing was 12 gauge. 
Excluding the four 40-lb sandbags, the test article weighed 63 lb. 

The skid-mounted sign support systems were placed on a concrete apron but were not 
secured to it. The installation for Test No. 469468-7-1 was placed with the sign panel 
perpendicular to the vehicle path. For Test No. 469468-7-2, the sign panel was oriented parallel 
to the vehicle path. 

Figure 8.1 presents overall information on the skid-mounted single perforated steel tube 
temporary sign support system, and Figure 8.2 provides photographs of the installation.  

                                                 
* The opinions/interpretations identified/expressed in Section 8.1 are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 
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Figure 8.1. Overall Details of Skid-Mounted Single Perforated Steel Tube Temporary Sign 

Support System. 
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Figure 8.1. Overall Details of Skid-Mounted Single Perforated Steel Tube Temporary Sign 
Support System (Continued). 
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Figure 8.2. Skid-Mounted Single Perforated Steel Tube Temporary Sign Support System 
prior to Testing. 

8.3 MASH TEST 3-72 AT 0° (CRASH TEST NO. 469468-7-1) 

8.3.1 Test Designation and Actual Impact Conditions 

MASH Test 3-72 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the traffic 
control device at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 0° ±1.5°. The target 
impact point for MASH Test 3-72 on the skid-mounted single perforated steel tube temporary 
sign support system was the left quarter point of the vehicle aligned with the centerline of the 
traffic control device.  
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The 2012 Dodge RAM 1500 pickup truck used in the test weighed 5034 lb, and the actual 
impact speed and angle were 62.7 mi/h and 0°, respectively. The actual impact point was the left 
quarter point of the vehicle aligned with the centerline of the traffic control device. Target kinetic 
energy (KE) was 594 kip-ft, and actual KE was 662 kip-ft. 

8.3.2 Weather Conditions 

The test was performed on the afternoon of February 19, 2018. Weather conditions at the 
time of testing were as follows: wind speed: 16 mi/h; wind direction: 186° (vehicle was traveling 
in a northerly direction); temperature: 78°F; relative humidity: 75 percent. 

8.3.3 Test Vehicle 

Figures 8.3 and 8.4 show the 2012 Dodge RAM 1500 pickup truck used for the crash test. 
The vehicle’s test inertia weight was 5034 lb, and its gross static weight was 5034 lb. The height 
to the lower edge of the vehicle bumper was 9.5 inches, and the height to the upper edge of the 
bumper was 27.0 inches. The height to the vehicle’s center of gravity was 28.5 inches. 
Tables G.1 and G.2 in Appendix G.1.1 give additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

 

  
  

Figure 8.3. Skid-Mounted Single Perforated Steel Tube Temporary Sign Support 
System/Test Vehicle Geometrics for Test No. 468469-7-1. 

 

  
  

Figure 8.4. Test Vehicle before Test No. 468469-7-1. 
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8.3.4 Test Description 

The test vehicle impacted the skid-mounted single perforated steel tube temporary sign 
support system with the left quarter point of the vehicle aligned with the centerline of the device 
at a speed of 62.7 mi/h and an angle of 0°. Table 8.1 lists events that occurred during Test 
No. 469468-7-1. Figure G.1 in Appendix G.1.2 presents sequential photographs during the test. 

Table 8.1. Events during Test No. 469468-7-1. 
TIME (s) EVENT 

0.000 Left front quarter point of vehicle contacts support 
0.023 Vehicle loses contact with the device; vehicle traveling at 62.4 mi/h 
0.088 Sign panel begins to impact windshield 
0.098 Sign panel fully engaged and slightly deflecting windshield 
0.126 Sign panel begins to rebound off windshield 
0.225 Vehicle clears sand bags 

8.3.5 Damage to Test Installation 

Figure 8.5 shows the damage to the skid-mounted single perforated steel tube temporary 
sign support system. The vertical sleeve broke away from the skid at the welds, and the skid 
assembly was resting 5 ft downstream of the impact location. The sign panel remained attached 
to the upright support and sleeve and came to rest 377 ft downstream from the impact location. 
Two sandbags remained intact, and two were damaged. Sand was scattered in the impact area. 

8.3.6 Damage to Test Vehicle 

Figure 8.6 shows the damage sustained by the vehicle. A very small depression in the left 
side of the bumper and hood were observed. The windshield was cracked at the upper left corner 
over an area measuring 12 inches × 14 inches, and the edge of the roof just above this location 
was slightly dented and scraped over an area measuring 7 inches × 8 inches. The windshield also 
had a slight indentation (that was so slight as to be unmeasurable) 18 inches to the left of 
centerline. No hole or tear was observed in the windshield. Maximum exterior crush to the 
vehicle was so slight as to be unmeasurable. No occupant compartment deformation or intrusion 
was observed. Figure 7.7 shows the interior of the vehicle. Tables G.3 and G.4 in Appendix 
G.1.1 provide exterior crush and occupant compartment measurements.  

8.3.7 Occupant Risk Factors 

MASH does not require instrumentation of the test vehicle when the weight of the 
traffic control device is less than 220 lb. The skid-mounted single perforated steel tube 
temporary sign support system weighed 63 lb. Therefore, occupant risk factors were not 
measured for this test. Figure 8.8 summarizes other pertinent information from the test.  

8.3.8 Assessment of Test Results 

Table 8.2 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-72. Table 8.2 shows the skid-mounted single perforated steel tube 
temporary sign support system met all applicable criteria for MASH Test 3-72 at 0°. 
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Figure 8.5. Skid-Mounted Single Perforated Steel Tube Temporary Sign Support System 
after Test No. 469468-7-1. 
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Figure 8.6. Test Vehicle after Test No. 469468-7-1. 

 

  
Before Test After Test 

  

Figure 8.7. Interior of Test Vehicle for Test No. 469468-7-1. 
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0.000 s 0.025 s 0.100 s 0.200 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 
 Installation Height ..............  
 Material or Key Elements ...  
 
 
 
 
Soil Type and Condition .....  
 

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-72 at 0° 
469468-7-1 
2018-02-19 
 
Work Zone Traffic Control Device 
Skid-mounted single perforated steel tube 
temporary sign support system 
84 inches from ground to bottom of sign. 
36-inch square hollow core plastic sign 
panel secured to 1¾-inch square 
perforated tubing inserted into a sleeve 
made from 2-inch square perforated steel 
tubing attached to an I-shaped skid  
Placed on concrete surface, dry 
 

Test Vehicle 
 Type/Designation ...........  
 Make and Model .............  

  Curb ...............................  
 Test Inertial ....................  
 Dummy ...........................  
 Gross Static ....................  
Impact Conditions 
 Speed.............................  
 Angle ..............................  
 Location/Orientation .......  
Kinetic Energy .................  
Exit Conditions 
 Speed.............................  
 Angle ..............................  
 

 
2270P 
2012 Dodge RAM 1500 
4870 lb 
5034 lb 
No dummy 
5034 lb 
 
62.7 mi/h 
0° 
Left quarter point 
662 kip-ft 
 
62.4 mi/h 
0° 
 

Post-Impact Trajectory 
 Stopping Distance ....................  
 
Test Article Debris Scatter 
 Longitudinal ..............................  
 Lateral ......................................  
Vehicle Damage 
 VDS ..........................................  
 CDC .........................................  
 Max. Exterior Deformation ........  
 OCDI ........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
272 ft downstream 
 
 
377 ft 
7 ft 
 
12FL1 
12FLEN1 
Not measurable 
LF0000000 
 
None 
 

Figure 8.8. Summary of Results for MASH Test 3-72 at 0° on Skid-Mounted Single Perforated Steel Tube Temporary Sign 
Support System.  
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Table 8.2. Performance Evaluation Summary for MASH Test 3-72 at 0° on Skid-Mounted Single Perforated Steel Tube 
Temporary Sign Support System. 

Test Agency: Texas A&M Transportation Institute Test No.: 469468-7-1   Test Date: 2018-02-19 
MASH Test 3-72 Evaluation Criteria Test Results Assessment 

Structural Adequacy   
B. The test article should readily activate in a predictable 

manner by breaking away, fracturing, or yielding. 
The skid-mounted single perforated steel tube 
temporary sign support system readily fractured 
and released from its skid upon impact. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

The detached sign panel and upright support did 
not penetrate or show potential for penetrating the 
occupant compartment, or to present undue hazard 
to others in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

The windshield was cracked, but no holes or 
measurable deformation were observed. No other 
occupant compartment deformation was observed. 

E. Detached elements, fragments, or other debris from the 
test article, of vehicular damage should not block the 
driver’s vision or otherwise cause the driver to lose 
control of the vehicle. 

The sign panel and upright support briefly slapped 
the windshield, but would not block the driver’s 
vision enough to cause loss of control of the 
vehicle.  

Pass 

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

The 2270P vehicle remained upright during and 
after the collision event. Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 10 ft/s, or at least 
below the maximum allowable value of 16.4 ft/s. 

MASH does not require vehicle instrumentation 
when the weight of the traffic control device is 
less than 220 lb. The skid-mounted single 
perforated steel tube temporary sign support 
system weighed 63 lb. Therefore, occupant risk 
factors were not obtained for this test. 

NA 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 Gs, or at least below the maximum allowable value 
of 20.49 Gs. 

NA 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 2270P vehicle came to rest 272 ft behind 

device. Pass 



 

TR No. 0-6946-R2 115 2019-03-27 

8.4 MASH TEST 3-72 AT 90° (CRASH TEST NO. 469468-7-2) 

8.4.1 Test Designation and Actual Impact Conditions 

MASH Test 3-72 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the traffic 
control device at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 90° ±1.5°. The target 
impact point for MASH Test 3-72 on the skid-mounted single perforated steel tube temporary sign 
support system was the right quarter point of the vehicle aligned with the centerline of the traffic 
control device.  

The 2013 RAM 1500 pickup truck used in the test weighed 5029 lb, and the actual 
impact speed and angle were 62.6 mi/h and 90°, respectively. The actual impact point was the 
right quarter point of the vehicle aligned with the centerline of the traffic control device. Target 
kinetic energy (KE) was 594 kip-ft, and actual KE was 659 kip-ft. 

8.4.2 Weather Conditions 

The test was performed on the afternoon of February 19, 2018. Weather conditions at the 
time of testing were as follows: wind speed: 19 mi/h; wind direction: 167° (vehicle was traveling 
in a northerly direction); temperature: 77°F; relative humidity: 70 percent. 

8.4.3 Test Vehicle 

Figures 8.9 and 8.10 show the 2013 RAM 1500 pickup truck used for the crash test. The 
vehicle’s test inertia weight was 5029 lb, and its gross static weight was 5029 lb. The height to 
the lower edge of the vehicle bumper was 12.0 inches, and the height to the upper edge of the 
bumper was 26.5 inches. The height to the vehicle’s center of gravity was 28.5 inches. 
Tables G.5 and G.6 in Appendix G.2.1 give additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 8.9. Skid-Mounted Single Perforated Steel Tube Temporary Sign Support 
System/Test Vehicle Geometrics for Test No. 468469-7-2. 
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Figure 8.10. Test Vehicle before Test No. 468469-7-2. 

8.4.4 Test Description 

The test vehicle impacted the skid-mounted single perforated steel tube temporary sign 
support system with the right quarter point of the vehicle aligned with the centerline of the 
device at a speed of 62.6 mi/h and an angle of 90°. Table 8.3 lists events that occurred during 
Test No. 469468-7-2. Figure G.2 in Appendix G.2.1 presents sequential photographs during the 
test. 

Table 8.3. Events during Test No. 469468-7-2. 
TIME (s) EVENT 

0.000 Right front quarter point of vehicle contacts support 
0.068 Corner of sign impacts with windshield 
0.092 Top of post impacts windshield, and plastic sign begins to tear. 
0.110 Windshield is fully deflected and is cracked from impact with sign panel 

0.149 Sign and post leave windshield, sign continues to be pushed forward by 
vehicle 

0.247 Truck clears sand bags and continues dragging sign with front bumper 
 

8.4.5 Damage to Test Installation 

Figure 8.11 shows the damage to the skid-mounted single perforated steel tube temporary 
sign support system. The vertical sleeve broke away from the skid at the welds, and the skid was 
resting 348 ft downstream and 2 ft left of the point of impact. The sign panel remained attached 
(by one bolt) to a 7 ft long piece of the upright support and came to rest 160 ft downstream and 
5 ft left of the impact location. A 4 ft long fractured piece of upright support and vertical sleeve 
came to rest 150 ft downstream and 1 ft left of the impact location. Three sandbags remained 
intact, and one was damaged with a small amount of sand scattered in the impact area. 
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Figure 8.11. Skid-Mounted Single Perforated Steel Tube Temporary Sign Support System 
after Test No. 469468-7-2. 

8.4.6 Damage to Test Vehicle 

Figure 8.12 shows the damage sustained by the vehicle. A very small depression in the 
right side of the bumper and front of the hood was observed. The hood also had a small 
indentation at the right rear near the windshield over an area measuring 10 inches × 6 inches. The 
upper right corner of the windshield was cracked over an area measuring 18 inches × 16 inches. 
The maximum deformation of the windshield was 2.0 inches. No holes or tears occurred in the 
windshield. The windshield also had a slight indentation (that was so slight as to be 
unmeasurable) 18 inches to the right of centerline. The rear right side of the roof sustained scuff 
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marks. A 2-inch × 2-inch indentation and a small cut in the oil pan were observed. Maximum 
exterior crush to the vehicle was so slight as to be unmeasurable. No occupant compartment 
deformation or intrusion was noted other than the deformation of the windshield described 
above. Figure 7.13 shows the interior of the vehicle. Tables G.7 and G.8 in Appendix G.2.1 
provide exterior crush and occupant compartment measurements. 

 

  

  
  

Figure 8.12. Test Vehicle after Test No. 469468-7-2. 

 

  
  

Figure 8.13. Interior of Test Vehicle after Test No. 469468-7-2. 
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8.4.7 Occupant Risk Factors 

MASH does not require instrumentation of the test vehicle when the weight of the 
traffic control device is less than 220 lb. The skid-mounted single perforated steel tube 
temporary sign support system weighed 63 lb. Therefore, occupant risk factors were not 
measured for this test. Figure 8.14 summarizes other pertinent information from the test.  

8.4.8 Assessment of Test Results 

Table 8.4 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-72. Table 8.4 shows the skid-mounted single perforated steel tube 
temporary sign support system met applicable criteria for MASH Test 3-72 at 90°. 

8.5 CONCLUSIONS 

During MASH Test 3-72 at 0°, the skid-mounted single perforated steel tube temporary 
sign support readily released from its skid upon impact. The detached sign panel and support did 
not penetrate or show potential for penetrating the occupant compartment, or to present undue 
hazard to others in the area. The windshield was cracked, but no holes or measurable 
deformation was observed. No other occupant compartment deformation was observed. The sign 
panel and support briefly slapped the windshield, but this contact would not block the driver’s 
vision enough to cause loss of control of the vehicle. The 2270P vehicle remained upright during 
and after the collision event. The 2270P vehicle came to rest 272 ft behind the point of impact. 

During MASH Test 3-72 at 90°, the skid-mounted single perforated steel tube temporary 
sign support yielded to the 2270P vehicle and released from its skid. The detached sign panel and 
upright support did not penetrate the occupant compartment. The debris did not present undue 
hazard to others in the area. The windshield was cracked and had a maximum deformation of 
2 inches. No other occupant compartment deformation was observed. The sign panel and upright 
support would not block the driver’s vision enough to cause loss of control of the vehicle. The 
2270P vehicle remained upright during and after the collision event. The 2270P vehicle came to 
rest 220 ft behind device. 

An assessment of the tests based on the applicable safety evaluation criteria for MASH 
Test 3-72 at 0° and 90° was provided in Tables 8.2 and 8.4, respectively. Table 8.5 shows that 
the skid-mounted single perforated steel tube temporary sign support system performed acceptably 
for MASH Test 3-72. 
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0.000 s 0.025 s 0.100 s 0.200 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 
 Installation Height ..............  
 Material or Key Elements ...  
 
 
 
 
Soil Type and Condition .....  
 

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-72 at 90° 
469468-7-2 
2018-02-19 
 
Work Zone Traffic Control Device 
Skid-mounted single perforated steel tube 
temporary sign support system 
84 inches from ground to bottom of sign. 
36-inch square hollow core plastic sign 
panel secured to 1¾-inch square 
perforated tubing inserted into a sleeve 
made from 2-inch square perforated steel 
tubing attached to an I-shaped skid  
Placed on concrete surface, dry 
 

Test Vehicle 
 Type/Designation ...........  
 Make and Model .............  

  Curb ...............................  
 Test Inertial ....................  
 Dummy ...........................  
 Gross Static ....................  
Impact Conditions 
 Speed.............................  
 Angle ..............................  
 Location/Orientation .......  
Kinetic Energy .................  
Exit Conditions 
 Speed.............................  
 Angle ..............................  
 

 
2270P 
2013 RAM 1500 
5026 lb 
5029 lb 
No dummy 
5029 lb 
 
62.6 mi/h 
90° 
Right quarter point 
659 kip-ft 
 
60.4 mi/h 
90° 
 

Post-Impact Trajectory 
 Stopping Distance ....................  
 
Test Article Debris Scatter 
 Longitudinal ..............................  
 Lateral ......................................  
Vehicle Damage 
 VDS ..........................................  
 CDC .........................................  
 Max. Exterior Deformation ........  
 OCDI ........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
220 ft downstream 
 
 
348 ft 
2 ft 
 
12RF1 
12FREN1 
Not measurable 
RF0000000 
 
2.0 inches 
 

Figure 8.14. Summary of Results for MASH Test 3-72 at 90° on Skid-Mounted Single Perforated Steel Tube Temporary Sign 
Support System.
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Table 8.4. Performance Evaluation Summary for MASH Test 3-72 at 90° on Skid-Mounted Single Perforated Steel Tube 
Temporary Sign Support System. 

Test Agency: Texas A&M Transportation Institute Test No.: 469468-7-2   Test Date: 2018-02-19 
MASH Test 3-72 Evaluation Criteria Test Results Assessment 

Structural Adequacy   
B. The test article should readily activate in a predictable 

manner by breaking away, fracturing, or yielding. 
The skid-mounted single perforated steel tube 
temporary sign support system yielded to the 
2270P vehicle and the support released from the 
skid. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

The detached sign panel and upright support did 
not penetrate the occupant compartment. The 
debris did not present undue hazard to others in the 
area. 

Pass 
Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

The windshield was cracked and had a maximum 
deformation of 2.0 inches. No other occupant 
compartment deformation or intrusion was 
observed. 

E. Detached elements, fragments, or other debris from the 
test article, of vehicular damage should not block the 
driver’s vision or otherwise cause the driver to lose 
control of the vehicle. 

The sign panel and upright support would not 
block the driver’s vision enough to cause loss of 
control of the vehicle.  Pass 

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

The 2270P vehicle remained upright during and 
after the collision event. Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 10 ft/s, or at least 
below the maximum allowable value of 16.4 ft/s. 

MASH does not require vehicle instrumentation 
when the weight of the traffic control device is 
less than 220 lb. The skid-mounted single 
perforated steel tube temporary sign support 
system weighed 63 lb. Therefore, occupant risk 
factors were not obtained for this test. 

NA 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 g, or at least below the maximum allowable value of 
20.49 g. 

NA 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The vehicle came to rest 220 ft behind the device. Pass 
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Table 8.5. Performance Evaluation Summary for MASH Test 3-72  
on Skid-Mounted Single Perforated Steel Tube Temporary Sign Support System. 

 
Evaluation  

Factors 
Evaluation  

Criteria 
Crash Test No.  

469468-7-1 
Crash Test No.  

469468-7-2 
Structural  
Adequacy B S S 

Occupant  
Risk 

D S S 

F S S 

E S S 

H NA NA 

I NA NA 

Post Impact 
Trajectory N S S 

MASH Test No. MASH 3-72 (at 0°) MASH 3-72 (at 90°) 

Pass/Fail Pass Pass 

 Legend:  S = Satisfactory 
   U = Unsatisfactory 
   NA = Not applicable 
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CHAPTER 9: MAILBOXES 

9.1 BACKGROUND* 

The small passenger car is considered the critical design vehicle for evaluation of 
mailbox support systems based on the required mailbox mounting height. As shown in 
Figure 9.1, the mounting height regulated for mailboxes by the United States Postal Service 
places mailboxes at a height that makes interaction with the windshield of the pickup truck 
design vehicle improbable. The taller hood height and longer wrap-around distance (i.e., the 
distance from the ground, around the front end, and across the hood to the base of the 
windshield) of the 2270P pickup truck significantly decreases the probability of windshield 
impact and occupant compartment intrusion. Therefore, Test 3-62 with the pickup truck was 
considered unnecessary for the MASH evaluation of the TxDOT mailbox systems.  
 

 
Figure 9.1. Mailbox Geometrics with 2270P Pickup Truck (11). 

The MASH test matrix for breakaway supports includes two tests with the 1100C small 
passenger car: a low-speed test at 19 mi/h (Test 3-60) and a high-speed test at 62 mi/h (Test 3-
61). In the low speed small car test, MASH testing has shown that the mailbox support assembly 
will be pushed forward by the impacting vehicle (12). It is unlikely that the mailbox will separate 
from the support or that the support assembly will interact with the vehicle windshield during 
this lower impact severity test.  
 

TTI researchers consider the most critical test for evaluation of mailbox systems to be 
MASH test designation 3-61, which involves the 1100C small passenger car impacting at high 
speed. This test evaluates both the structural adequacy of the mailbox connection hardware and 
the interaction of the mailbox support assembly with the vehicle windshield. If the mailbox 
remains attached during this high-speed test, it is not expected to detach in the low-speed test. 
 

                                                 
* The opinions/interpretations identified/expressed in Section 9.1 are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 
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Four different mailbox support systems were selected for MASH testing and evaluation 
during Phase II of the project. The details of these systems and the results of the crash testing are 
provided below. 

9.2 SINGLE MAILBOX WITH RECYCLED RUBBER SUPPORT POST IN TYPE 4 
FOUNDATION 

9.2.1 System Details 

An Elite No. 1-A (Model #E1600B00) standard arched-top medium size mailbox from 
Solar Group, Inc., a division of Gibraltar Industries, was attached to the top of a recycled rubber 
support post at a height of 42 inches above grade. The mailbox, which weighed 7 lb, had 
approximate dimensions of 11 inches tall × 8¾ inches wide × 21½ inches deep. Attachment of 
the Elite mailbox to the post was accomplished using a mailbox bracket (DHT #161443), two 
extension brackets (DHT #148938), and associated SAE grade 5 bolts, nuts, and washers. The 
mailbox with the attachment brackets and hardware weighed 10 lb. 

The recycled rubber support post was inserted into a Type 4 foundation socket (DHT 
#160891) and secured with a tapered semi-circular HDTP wedge (DHT #160892) on the impact 
side. The foundation socket was installed flush with the surface of a 12-inch diameter × 30-inch 
deep unreinforced concrete foundation. The concrete was specified as TxDOT Class B having a 
minimum 28-day unconfined compressive strength of 2000 psi. 

Figure 9.2 presents overall information on the single mailbox with recycled rubber 
support in Type 4 foundation, and Figure 9.3 provides photographs of the installation. Appendix 
H.1.1 provides further details. Appendix H.1.2 provides material certification documents. 

9.2.2 MASH Test 3-61 (Crash Test No. 469468-8-1) 

9.2.2.1 Test Designation and Actual Impact Conditions 

MASH Test 3-61 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the 
mailbox support at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 0° ±1.5°. The target 
impact point for MASH Test 3-61 was the right quarter point of the vehicle aligned with the 
centerline of the mailbox support. 

 The 2011 Kia Rio* used in the test weighed 2433 lb, and the actual impact speed and 
angle were 63.8 mi/h and 0°, respectively. The actual impact point was the right quarter point of 
the vehicle aligned with the centerline of the mailbox support. Target KE was 288 kip-ft, and 
actual KE was 331 kip-ft. 

9.2.2.2 Weather Conditions 

The test was performed on the afternoon of April 4, 2018. Weather conditions at the time 
of testing were as follows: wind speed: 13 mi/h; wind direction: 30° (vehicle was traveling in a 
southerly direction); temperature: 66°F; relative humidity: 38 percent. 

 

                                                 
* The 2011 model vehicle used is older than the 6-year age noted in MASH and was selected based upon availability. 
An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the 
vehicle’s year model, this 2011 model vehicle met the MASH requirements. 
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Figure 9.2. Details of Single Mailbox with Recycled Rubber Support Post in Type 4 Foundation. 
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Figure 9.3. Single Mailbox with Recycled Rubber Support Post in Type 4 Foundation prior to 
Testing. 

9.2.2.3 Test Vehicle 

Figures 9.4 and 9.5 show the 2011 Kia Rio used for the crash test. The vehicle’s test 
inertia weight was 2433 lb, and its gross static weight was 2598 lb. The height to the lower edge 
of the vehicle bumper was 7.75 inches, and the height to the upper edge of the bumper was 
21.5 inches. Table H.1 in Appendix H.1.3 gives additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 
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Figure 9.4. Single Mailbox with Recycled Rubber Support Post in Type 4 Foundation/Test 
Vehicle Geometrics for Test No. 468469-8-1. 

 

  
  

Figure 9.5. Test Vehicle before Test No. 468469-8-1. 
NOTE: Photos taken prior to insertion of Dummy. 

9.2.2.4 Test Description 

The test vehicle impacted the single mailbox with recycled rubber support post in Type 4 
foundation with the right quarter point of the vehicle aligned with the centerline of the mailbox 
support at a speed of 63.8 mi/h and an angle of 0°. Table 9.1 lists events that occurred during 
Test No. 469468-8-1. Figure H.1 in Appendix H.1.4 presents sequential photographs during the 
test. 

Table 9.1. Events during Test No. 469468-8-1. 
TIME (s) EVENT 

0.000 Right front quarter point of vehicle contacts mailbox support 
0.010 Mailbox mounting plate partially detached from mailbox 
0.023 Support completely out of foundation socket 
0.035 Mailbox imparts maximum deformation of car hood 
0.051 Mailbox rebounding off of hood 
0.071 Vehicle loses contact with support while traveling at 63.5 mi/h 
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Brakes on the vehicle were applied 2.3 s after impact, and the vehicle came to rest 366 ft 
downstream from the point of impact and along centerline of the impact path. 

9.2.2.5 Damage to Test Installation 

Figure 9.6 shows damage to the mailbox system. The mailbox remained attached to the 
support post, and the assembly came to rest 239 ft downstream from the point of impact and 15 ft 
to the right of centerline of the vehicle path. The lid detached from the mailbox and was came to 
rest 71 ft downstream from the point of impact and 12 ft to the right of centerline of the vehicle 
path. The wedge remained in the socket.  

  

  
 

Figure 9.6. Single Mailbox with Recycled Rubber Support Post in Type 4 Foundation after 
Test No. 469468-8-1. 

9.2.2.6 Damage to Test Vehicle 

Figure 9.7 shows the damage sustained by the vehicle. Very small depressions in the right 
side of the bumper and hood were observed. The windshield had a 1-inch × 1-inch starburst 
crack in the right lower corner near the hood, but no hole or tear was observed. Maximum 
exterior crush to the vehicle was so slight as to be unmeasurable. No occupant compartment 
deformation or intrusion was observed. Figure 9.8 shows the interior of the vehicle. Tables H.2 
and H.3 in Appendix H.1.3 provide exterior crush and occupant compartment measurements. 
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Figure 9.7. Test Vehicle after Test No. 469468-8-1. 
 

  
Before Test After Test 

  

Figure 9.8. Interior of Test Vehicle for Test No. 469468-8-1. 

9.2.2.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and results are shown in Table 9.2. Figure 9.9 summarizes these 
data and other pertinent information from the test. Figure H.2 in Appendix H.1.5 shows the 
vehicle angular displacements, and Figures H.3 through H.8 in Appendix H.1.6 show 
acceleration versus time traces. 
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Table 9.2. Occupant Risk Factors for Test No. 469468-8-1. 
Occupant Risk Factor Value Time 

Impact Velocity    
 Longitudinal No contact  

 Lateral No contact 
Ridedown Accelerations   

 Longitudinal NA  
 Lateral NA  

THIV No contact  
PHD NA  
ASI 0.05 0.0130–0.630 s 

Maximum 50-ms Moving Average    
 Longitudinal −0.5 g 0.0000–0.0500 s 

 Lateral 0.3 g 0.2972–0.3472 s 
 Vertical 0.4 g 0.0269–0.0769 s 

Maximum Roll, Pitch, and Yaw Angles   
 Yaw 1° 0.2413 s 
 Pitch 2° 0.1289 s 
 Roll 6° 0.1405 s 

 

9.2.2.8 Assessment of Test Results 

The recycled rubber support post deformed around the front of the vehicle and pulled 
out of the ground socket. The released mailbox system was carried forward by the vehicle. 
The system subsequently rode up and over the vehicle. There was a minor crack in the 
windshield. No occupant compartment deformation was observed.  

Table 9.3 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-61. Table 9.3 shows the single mailbox with recycled rubber support 
in Type 4 foundation met all applicable criteria for MASH Test 3-61. 
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0.000 s 0.050 s 0.100 s 0.125 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. .......  
 TTI Test No.  ......................  
 Test Date ............................  
Test Article 
 Type ...................................  
 Name .................................  
 
 Installation Height ...............  
 Material or Key Elements ....  
 
 
Soil Type and Condition ......  
 
Test Vehicle 
 Type/Designation................  
 Make and Model .................  

  Curb ...................................  
 Test Inertial.........................  
 Dummy ...............................  
 Gross Static ........................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-61 
469468-8-1 
2018-04-04 
 
Support Structure 
Single Mailbox with Recycled Rubber 
Support Post in Type 4 Foundation 
42 inches above grade  
single recycled rubber post w/ medium 
mailbox inserted into socket in concrete 
footer and secured with tapered wedge 
12-in × 30-in deep concrete footer in 
crushed limestone, dry 
 
1100C 
2011 Kia Rio 
2466 lb 
2433 lb 
165 lb 
2598 lb 

Impact Conditions 
 Speed ................................  
 Angle..................................  
 Location/Orientation ...........  
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Angle..................................  
Occupant Risk Values 
 Longitudinal OIV .................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV...................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral .............................  
  Vertical ............................  

 
63.8 mi/h 
0° 
Right quarter point 
331 kip-ft 
 
63.5 mi/h 
0° 
 
No Contact 
No Contact 
NA 
NA 
NA 
NA 
0.05 g 
 
-0.5 g 
0.3 g 
0.4 g 

Post-Impact Trajectory 
 Stopping Distance ......................  
 
Vehicle Stability 

  Maximum Yaw Angle .................  
 Maximum Pitch Angle ................  
 Maximum Roll Angle ..................  
 
Test Article Debris Scatter 
 Longitudinal ...............................  
 Lateral .......................................  
 
Vehicle Damage 
 VDS ...........................................  
 CDC...........................................  
 Max. Exterior Deformation .........  
 OCDI .........................................  
 Max. Occupant Compartment  
  Deformation ............................  

 
366 ft downstream 
 
 
1° 
2° 
6° 
 
 
239 ft 
15 ft 
 
 
12FR1 
12FREN1 
Not measurable 
RF0000000 
 
None 
 

 

Figure 9.9. Summary of Results for MASH Test 3-61 on Single Mailbox with Recycled Rubber Support Post in Type 4 
Foundation.  
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Table 9.3. Performance Evaluation Summary for MASH Test 3-61 on Single Mailbox with Recycled Rubber Support 
Post in Type 4 Foundation. 

Test Agency: Texas A&M Transportation Institute Test No.: 469468-8-1   Test Date: 2018-04-04 
MASH Test 3-61 Evaluation Criteria Test Results Assessment 

Structural Adequacy   
B. The test article should readily activate in a predictable 

manner by breaking away, fracturing, or yielding. 
The single mailbox with recycled rubber support 
post in Type 4 foundation readily pulled out of the 
socket upon impact by the 1100C vehicle. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

The mailbox and support post did not penetrate or 
show potential for penetrating the occupant 
compartment, or to present undue hazard to others 
in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

The windshield was cracked, but no measurable 
deformation, tear, or hole was observed. No other 
occupant compartment deformation was observed. 

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

The 1100C vehicle remained upright during and 
after the collision event. Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 10 ft/s, or at least 
below the maximum allowable value of 16.4 ft/s. 

No contact in longitudinal or lateral directions. 
Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 Gs, or at least below the maximum allowable value 
of 20.49 Gs. 

No contact in longitudinal or lateral directions. 

Pass 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 366 ft behind the 

original location of the test article. Pass 
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9.3 DOUBLE MAILBOX WITH THIN-WALL GALVANIZED SUPPORT POST IN 
TYPE 4 FOUNDATION 

9.3.1 System Details 

Two Elite No. 1-A (Model #E1600B00) standard arched-top medium size mailboxes 
from Solar Group, Inc., a division of Gibraltar Industries, were attached to the top of a 
galvanized, thin-wall steel support post at a height of 42 inches above grade. The mailboxes, 
which weighed 7 lb, had approximate dimensions of 11 inches tall × 8¾ inches wide × 
21½ inches deep. A mailbox bracket (DHT #161443) and extension bracket (DHT #148938) was 
attached to the bottom of each mailbox using SAE grade 5 bolts, nuts, and washers. Attachment 
of the Elite mailboxes to the post was accomplished using a bracket (DHT #162323) that 
consisted of a horizontal steel plate and tubular socket. The mailboxes were bolted to the 
horizontal plate at a center-to-center spacing of 10 inches. The bracket socket was then placed 
over the end of the support post and secured using a ⅜-inch diameter × 3½-inch long SAE grade 
5 hex bolt, flat and lock washers, and nut.  

The galvanized steel support post (DHT #143426) was fabricated from 2-inch nominal 16 
gauge (2⅜ inches outside diameter × 0.109-inch wall thickness) thin wall ASTM A513 Type 5 
DOM steel tubing. The support post, which had a length of 57 inches and weighed 7.5 lb, was 
inserted into a Type 4 foundation socket (DHT #160891) and secured with a tapered semi-
circular HDTP wedge (DHT #160892) on the impact side. The foundation socket was installed 
flush with the surface of a 12-inch diameter × 30-inch deep unreinforced concrete foundation. 
The concrete was specified as TxDOT Class B having a minimum 28-day unconfined 
compressive strength of 2000 psi. The total mass of the two mailboxes, connection hardware, 
and support post assembly was 31 lb.  

Figure 9.10 presents overall information on the double mailbox with thin-wall galvanized 
support post in Type 4 foundation, and Figure 9.11 provides photographs of the installation. 
Appendix H.2.1 provides further details. Appendix H.1.2 contains material certification 
documents. 

9.3.2 MASH Test 3-61 (Crash Test No. 469468-8-2) 

9.3.2.1 Test Designation and Actual Impact Conditions 

MASH Test 3-61 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the 
support of the mailboxes at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 0° ±1.5°. The 
target impact point for MASH Test 3-61 on the double mailbox was the right quarter point of the 
vehicle aligned with the centerline of the mailbox support.  

The 2011 Kia Rio* used in the test weighed 2440 lb, and the actual impact speed and 
angle were 63.3 mi/h and 0°, respectively. The actual impact point was the right quarter point of 
the vehicle aligned with the centerline of the mailbox support. Target KE was 288 kip-ft, and 
actual KE was 327 kip-ft. 

                                                 
* The 2011 model vehicle used is older than the 6-year age noted in MASH and was selected based upon availability. 
An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the 
vehicle’s year model, this 2011 model vehicle met the MASH requirements.  
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Figure 9.10. Details of Double Mailbox with Thin-Wall Galvanized Support Post in Type 4 Foundation. 
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Figure 9.11. Double Mailbox with Thin-Wall Galvanized Support Post in Type 4 Foundation 
prior to Testing. 

9.3.2.2 Weather Conditions 

The test was performed on the morning of April 3, 2018. Weather conditions at the time 
of testing were as follows: wind speed: 16 mi/h; wind direction: 184° (vehicle was traveling in a 
southerly direction); temperature: 77°F; relative humidity: 80 percent. 
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9.3.2.3 Test Vehicle 

Figures 9.12 and 9.13 show the 2011 Kia Rio used for the crash test. The vehicle’s test 
inertia weight was 2440 lb, and its gross static weight was 2605 lb. The height to the lower edge 
of the vehicle bumper was 7.75 inches, and the height to the upper edge of the bumper was 
21.5 inches. Table H.4 in Appendix H.2.2 gives additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 9.12. Double Mailbox with Thin-Wall Galvanized Support Post in Type 4 
Foundation/Test Vehicle Geometrics for Test No. 468469-8-2. 

 

  
  

Figure 9.13. Test Vehicle before Test No. 468469-8-1. 
NOTE: Photos taken prior to insertion of dummy. 

9.3.2.4 Test Description 

The test vehicle impacted the double mailbox with thin-wall galvanized support post in 
Type 4 foundation with the right quarter point of the vehicle aligned with the centerline of the 
mailbox support at a speed of 63.3 mi/h an angle of 0°. Table 9.4 lists events that occurred 
during Test No. 469468-8-2. Figure H.9 in Appendix H.2.3 presents sequential photographs 
during the test. 
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Table 9.4. Events during Test No. 469468-8-2. 
TIME (s) EVENT 

0.000 Right front quarter point of vehicle contacts mailbox support 
0.021 Mailbox corner makes contact with hood 
0.022 Post completely out of foundation socket 
0.047 Mailbox and support post completely deformed around front bumper 

0.048 Mailbox and hood deformed. Support post wrapped around bumper. 
Vehicle traveling at 62.8 mi/h. 

0.064 Mailbox loses contact with hood, post still deformed around bumper 

Brakes on the vehicle were applied 1.4 s after impact, and the vehicle came to rest 306 ft 
downstream of the point of impact and along the centerline of the impact path. 

9.3.2.5 Damage to Test Installation 

Figure 9.14 shows damage to the mailbox system. The support with the mailboxes 
attached came to rest 120 ft downstream from impact. The wedge remained near the test site. The 
lid detached from one of the mailboxes and came to rest 34 ft downstream from the point of 
impact.  

 

  

  
 

Figure 9.14. Double Mailbox with Thin-Wall Galvanized Support in Type 4 Foundation after 
Test No. 469468-8-2. 
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9.3.2.6 Damage to Test Vehicle 

Figure 9.15 shows the damage sustained by the vehicle. A very small depression in the 
right side of the bumper and hood were observed. There was a 0.5-inch diameter hole in the hood 
just right of centerline. No contact with the windshield was observed. Maximum exterior crush to 
the vehicle was so slight as to be unmeasurable. No occupant compartment deformation or 
intrusion was observed. Figure 9.16 shows the interior of the vehicle. Tables H.5 and H.6 in 
Appendix H.2.2 provide exterior crush and occupant compartment measurements. 

 

  
  

Figure 9.15. Test Vehicle after Test No. 469468-8-2. 
 

  
Before Test After Test 

  

Figure 9.16. Interior of Test Vehicle for Test No. 469468-8-1. 

9.3.2.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and the results are shown in Table 9.5. Figure 9.17 summarizes 
these data and other pertinent information from the test. Figure H.10 in Appendix H.2.4 shows 
the vehicle angular displacements, and Figures H.11 through H.16 in Appendix H.2.5 show 
acceleration versus time traces. 
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Table 9.5. Occupant Risk Factors for Test No. 469468-8-2. 
Occupant Risk Factor Value Time 

Impact Velocity    
 Longitudinal 2.6 ft/s at 0.8501 s on front of interior 

 Lateral 0.7 ft/s 
Ridedown Accelerations   

 Longitudinal 0.5 g 0.8501–0.8601 s 
 Lateral 0.7 g 0.8578–0.8678 s 

THIV 2.7 km/h  
0.8 m/s at 0.8488 s on front of interior 

PHD 0.8 g 0.8578–0.8678 s 
ASI 0.13 0.0110–0.0610 s 

Maximum 50-ms Moving Average    
 Longitudinal −1.3 g 0.0009–0.0509 s 

 Lateral −0.4 g 0.0191–0.0691 s 
 Vertical 1.1 g 0.0242–0.0742 s 

Maximum Roll, Pitch, and Yaw Angles   
 Yaw 2° 0. 3275 s 
 Pitch 5° 0.3343 s 
 Roll 4° 0. 3717 s 

 

9.3.2.8 Assessment of Test Results 

The thin-wall galvanized support pipe yielded to the vehicle, deformed about the front 
end, and pulled out of its socket. The support and mailboxes were carried forward by the 
vehicle and remained attached as a system. No windshield contact was observed. 

Table 9.6 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-61. Table 9.6 shows the double mailboxes with thin-wall galvanized 
support in Type 4 foundation met all applicable criteria for MASH Test 3-61. 
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0.000 s 0.050 s 0.100 s 0.150 s 

  
 

General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 
 Installation Height ..............  
 Material or Key Elements ...  
 
 
 
Soil Type and Condition .....  
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-61 
469468-8-2 
2018-04-03 
 
Support Structure 
Two Mailboxes with 2-inch Steel Support 
in Type 4 Foundation 
42 inches above grade 
Two medium mailboxes mounted on a 
single 2-inch thin wall steel post secured 
in socket with tapered wedge. System 
weighed 31 lb with hardware 
Concrete footer in crushed limestone, dry 
 
1100C 
2011 Kia Rio 
2455 lb 
2440 lb 
165 lb 
2605 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Angle .................................  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
63.3 mi/h 
0° 
Right quarter point 
327 kip-ft 
 
62.8 mi/h 
0° 
 
2.6 ft/s 
0.7 ft/s 
0.5 g 
0.7 g 
2.7 km/h 
0.8 g 
0.13 
 
-1.3 g 
-0.4 g 
1.1 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 
Test Article Debris Scatter 
 Longitudinal ..............................  
 Lateral .......................................  
 
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
306 ft downstream 
 
 
2° 
5° 
4° 
 
 
120 ft 
0 ft 
 
 
12FR1 
12FREN1 
Not measurable 
RF0000000 
 
None 
 

 

Figure 9.17. Summary of Results for MASH Test 3-61 on Double Mailbox with Thin-Wall Galvanized Support in Type 4 
Foundation.  
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Table 9.6. Performance Evaluation Summary for MASH Test 3-61 on Double Mailbox with Thin-Wall Galvanized 
Support in Type 4 Foundation. 

Test Agency: Texas A&M Transportation Institute Test No.: 469468-8-2   Test Date: 2018-04-03 
MASH Test 3-61 Evaluation Criteria Test Results Assessment 

Structural Adequacy   
B. The test article should readily activate in a predictable 

manner by breaking away, fracturing, or yielding. 
The double mailbox with thin-wall galvanized 
support pipe in Type 4 foundation deformed along 
the front of the vehicle and pulled out of the socket. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

The mailbox and support did not penetrate or show 
potential for penetrating the occupant 
compartment, or to present undue hazard to others 
in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

No measurable deformation was observed. No 
other occupant compartment deformation was 
observed. 

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

The 1100C vehicle remained upright during and 
after the collision event. Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 10 ft/s, or at least 
below the maximum allowable value of 16.4 ft/s. 

Longitudinal OIV was 2.6 ft/s, and lateral OIV was 
0.7 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 Gs, or at least below the maximum allowable value 
of 20.49 Gs. 

Maximum longitudinal occupant ridedown 
acceleration was 0.5 g, and maximum lateral 
occupant ridedown acceleration was 0.7 g. Pass 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 306 ft behind the 

original location of the test article. Pass 
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9.4 MULTIPLE MAILBOXES WITH MULTI-MOUNT SUPPORT IN TYPE 4 
FOUNDATION 

9.4.1 Background* 

This system consisted of four mailboxes attached to a powder-coated, thin-wall steel 
support fabricated in a semi-circular shape and secured inside a socket using a tapered semi-
circular HDTP wedge. TxDOT standard MB-15(1) does not permit the use of large mailboxes on 
the outside positions of the multiple mailbox mount. The system was tested using two medium 
and two large standard mailboxes, which was more critical in terms of weight than four small or 
medium mailboxes.  

9.4.2 System Details 

The mailbox configuration evaluated in this test consisted of four mailboxes (two large 
and two medium) mounted at a height of 42 inches above grade to a semi-circular multiple-
mount support post that was installed in a socket embedded in a concrete footing. Two large 
Stanley No. 2 mailboxes (Model #ST200B00) from Solar Group, Inc., a division of Gibraltar 
Industries, were attached at the two inside positions of the four mounting positions on the 
support post. The large Stanley mailboxes were approximately 15 inches tall × 11½ inches wide 
× 24¾ inches deep and weighed 11 lb. 

Two medium Elite No. 1-A mailboxes (Model #E1600B00) from Solar Group, Inc., a 
division of Gibraltar Industries, were attached at the two outside mounting positions on the 
multiple-mount support. The medium Elite mailboxes were approximately 11 inches tall × 
8¾ inches wide × 21½ inches deep and weighed 7 lb. 

Attachment of each mailbox to the horizontal segment of the multiple-mount support post 
was accomplished using a mailbox bracket with a vertical steel tube sleeve (DHT #161443), two 
extension brackets (DHT #148938), and associated SAE grade 5 bolts, nuts, and washers.  

The four mailboxes were supported with a TxDOT multiple-mount post (DHT #164116) 
fabricated from 2-inch nominal, 16 gauge (2.375-inch outside diameter × 0.065-inch wall 
thickness) thin wall ASTM A513 Type 5 DOM steel tubing. The support post incorporated a 
vertical section that inserted into a foundation sleeve with two small plates that controlled the 
embedment depth into the socket, a U-shaped section centered above the vertical section, and a 
horizontal section near the top. The ends of the semi-circular section of the support extended 
above the horizontal member to provide the outer connection points for mailbox attachment. 
There were two additional short vertical pipe sections attached to the interior of the horizontal 
member to provide two additional interior mailbox attachment points.  

The leg of the multiple-mount support post was inserted approximately 12 inches into a 
Type 4 foundation socket (DHT #160891) and secured with a tapered HDPE wedge (DHT 
#160892) on the field side of the mailbox. The socket was embedded flush to the top of a non-
reinforced concrete foundation that measured approximately 12 inches in diameter × 30 inches 

                                                 
* The opinions/interpretations identified/expressed in Section 9.4.1 are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 
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deep. The concrete was specified as TxDOT Class B having a minimum 28-day unconfined 
compressive strength of 2000 psi.  

The total mass of the four mailboxes, connection hardware, and support post assembly 
was 70 lb. Figure 9.18 presents overall information on the multiple mailbox mount in Type 4 
foundation, and Figure 9.19 provides photographs of the installation. Appendix H.3.1 provides 
further details. Appendix H.1.2 contains material certification documents. 

9.4.3 MASH Test 3-61 (Crash Test No. 469468-8-3) 

9.4.3.1 Test Designation and Actual Impact Conditions 

MASH Test 3-61 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the 
support of the mailboxes at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 0° ±1.5°. The 
target impact point for MASH Test 3-61 on the multiple mailboxes was the right quarter point of 
the vehicle aligned with the centerline of the mailbox support.  

The 2011 Kia Rio* used in the test weighed 2440 lb, and the actual impact speed and 
angle were 65.7 mi/h and 0°, respectively. The actual impact point was the right quarter point of 
the vehicle aligned with the centerline of the mailbox support. Target KE was 288 kip-ft, and 
actual KE was 352 kip-ft. 

9.4.3.2 Weather Conditions 

The test was performed on the afternoon of April 3, 2018. Weather conditions at the time 
of testing were as follows: wind speed: 9 mi/h; wind direction: 202° (vehicle was traveling in a 
southerly direction); temperature: 81°F; relative humidity: 72 percent. 

9.4.3.3 Test Vehicle 

Figures 9.20 and 9.21 show the 2011 Kia Rio used for the crash test. The vehicle’s test 
inertia weight was 2440 lb, and its gross static weight was 2605 lb. The height to the lower edge 
of the vehicle bumper was 7.75 inches, and the height to the upper edge of the bumper was 
21.5 inches. Table H.7 in Appendix H.3.2 gives additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

9.4.3.4 Test Description 

The test vehicle impacted the multiple mailbox mount in Type 4 foundation with the right 
quarter point of the vehicle aligned with the centerline of the mailbox support at a speed of 
65.7 mi/h and an angle of 0°. Table 9.7 lists events that occurred during Test No. 469468-8-3. 
Figure H.17 in Appendix H.3.3 presents sequential photographs during the test. 

 

                                                 
* The 2011 model vehicle used is older than the 6-year age noted in MASH and was selected based upon availability. 
An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the 
vehicle’s year model, this 2011 model vehicle met the MASH requirements. 
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Figure 9.18. Details of Multiple Mailboxes with Multi-Mount Support in Type 4 Foundation. 
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Figure 9.19. Multiple Mailboxes with Multi-Mount Support in Type 4 Foundation prior to 
Testing. 
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Figure 9.20. Multiple Mailboxes with Multi-Mount Support in Type 4 Foundation/Test 
Vehicle Geometrics for Test No. 468469-8-3. 

 

  
  

Figure 9.21. Test Vehicle before Test No. 468469-8-3. 
NOTE: Photos taken prior to insertion of dummy. 

 
Table 9.7. Events during Test No. 469468-8-3. 

TIME (s) EVENT 
0.000 Right front quarter point of vehicle contacts mailbox support 
0.033 Post completely out of foundation socket 
0.046 Mailbox corner makes contact with windshield 
0.047 Windshield begins to crack from impact with mailbox 
0.143 Mailbox no longer touching windshield and post not touching car 

0.144 Car loses contact with the mailboxes and support while traveling at 
63.8 mi/h 

Brakes on the vehicle were applied 1.2 s after impact, and the vehicle came to rest 302 ft 
downstream of the point of impact and 10 ft to the left of centerline of the impact path. 
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9.4.3.5 Damage to Test Installation 

Figure 9.22 shows damage to the mailbox system. The support with the mailboxes 
attached came to rest 160 ft downstream from impact and 10 ft to the right of centerline. The lid 
and rear of the mailbox on the impact side detached. The wedge remained near the impact 
location.  

 

  

  
 

Figure 9.22. Multiple Mailboxes with Multi-Hanger Support in Type 4 Foundation after Test 
No. 469468-8-3. 

9.4.3.6 Damage to Test Vehicle 

Figure 9.23 shows the damage sustained by the vehicle. A very small depression in the 
right side of the bumper was observed, and the lower radiator support was deformed. The right 
side of the hood was deformed over an area measuring approximately 24 inches × 35 inches and 
3 inches deep. The windshield was cracked in the right lower quadrant near the hood over an 
area 34 inches × 24 inches and 1.8 inches deep. No hole or tear was observed in the windshield. 
Maximum exterior crush to the front bumper of the vehicle was so slight as to be unmeasurable. 
Maximum occupant compartment deformation was 1.8 inches in the windshield area. Figure 9.24 
shows the interior of the vehicle. Tables H.8 and H.9 in Appendix H.3.2 provide exterior crush 
and occupant compartment measurements. 
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Figure 9.23. Test Vehicle after Test No. 469468-8-1. 
 

  
Before Test After Test 

  

Figure 9.24. Interior of Test Vehicle for Test No. 469468-8-1. 

9.4.3.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and the results are shown in Table 9.8. Figure 9.25 summarizes 
these data and other pertinent information from the test. Figure H.18 in Appendix H.3.4 shows 
the vehicle angular displacements, and Figures H.19 through H.24 in Appendix H.3.5 show 
acceleration versus time traces. 
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Table 9.8. Occupant Risk Factors for Test No. 469468-8-3. 
Occupant Risk Factor Value Time 

Impact Velocity    
 Longitudinal 2.6 ft/s at 0.7280 s on front of interior 

 Lateral 1.0 ft/s 
Ridedown Accelerations   

 Longitudinal 0.2 g 0.8488–0.8588 s 
 Lateral 0.4 g 0.9358–0.9458 s 

THIV 3.2 km/h  
0.9 m/s at 0.7229 s on front of interior 

PHD 0.4 g 0.9355–0.9455 s 
ASI 0.14 0.0128–0.0628 s 

Maximum 50-ms Moving Average    
 Longitudinal −1.6 g 0.0016–0.0516 s 

 Lateral 0.4 g 0.0566–0.1066 s 
 Vertical 1.3 g 0.0468–0.0968 s 

Maximum Roll, Pitch, and Yaw Angles   
 Yaw 2° 0..3218 s 
 Pitch 4° 0.5126 s 
 Roll 2° 0.2147 s 

 

9.4.3.8 Assessment of Test Results 

The support deformed around the front of the vehicle and pulled out of the ground 
socket. The released mailbox system rotated into the windshield and subsequently up and over 
the vehicle. The windshield sustained deformation of 1.8 inches, below the 3-inch maximum 
for MASH, and there were no tears or holes through the windshield.  

Table 9.9 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-61. Table 9.9 shows the multiple mailboxes with multi-hanger 
support in Type 4 foundation met all applicable criteria for MASH Test 3-61. 
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0.000 s 0.050 s 0.100 s 0.150 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 
 Installation Height ..............  
 Material or Key Elements ...  
 
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-61 
469468-8-3 
2018-04-03 
 
Support Structure 
Multi-Mount “U”-shape Mailbox Support in 
Type 4 Foundation 
42 inches above grade 
Semi-circular multiple-mount support with 
2 medium & 2 large arched-top mailboxes 
installed in socket and secured by wedge 
12-in × 30-in deep concrete footer in 
crushed limestone, dry 
 
1100C 
2011 Kia Rio 
2455 lb 
2440 lb 
165 lb 
2605 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Angle .................................  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
65.7 mi/h 
0° 
Right quarter point 
352 kip-ft 
 
63.8 mi/h 
0° 
 
2.6 ft/s 
1.0 ft/s 
0.2 g 
0.4 g 
3.2 km/h 
0.4 g 
0.14 
 
-1.6 g 
0.4 g 
1.3 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 
Test Article Debris Scatter 
 Longitudinal ..............................  
 Lateral .......................................  
 
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
302 ft downstream 
10 ft twd left side 
 
2° 
4° 
2° 
 
 
160 ft 
10 ft 
 
 
12FR1 
12FREN1 
Not measurable 
RF0000000 
 
1.8 inches 
 

 

Figure 9.25. Summary of Results for MASH Test 3-61 on Multiple Mailboxes with Multi-Mount Support in Type 4 
Foundation.  
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Table 9.9. Performance Evaluation Summary for MASH Test 3-61 on Multiple Mailboxes with Multi-Mount Support in 
Type 4 Foundation. 

Test Agency: Texas A&M Transportation Institute Test No.: 469468-8-3   Test Date: 2018-04-03 
MASH Test 3-61 Evaluation Criteria Test Results Assessment 

Structural Adequacy   
B. The test article should readily activate in a predictable 

manner by breaking away, fracturing, or yielding. 
The multiple mailboxes with 4-position multi-
mount support in Type 4 foundation readily pulled 
out of the socket upon impact by the 1100C 
vehicle. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

The mailboxes and support did not penetrate or 
show potential for penetrating the occupant 
compartment, or to present undue hazard to others 
in the area. 

Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

The windshield was cracked, and there was 
1.8 inches of deformation inward toward the 
occupant compartment. No tear or hole was 
observed. No other occupant compartment 
deformation was observed. 

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

The 1100C vehicle remained upright during and 
after the collision event. Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 10 ft/s, or at least 
below the maximum allowable value of 16.4 ft/s. 

Longitudinal OIV was 2.6 ft/s, and lateral OIV was 
1.0 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 Gs, or at least below the maximum allowable value 
of 20.49 Gs. 

Maximum longitudinal occupant ridedown 
acceleration was 0.2 g, and maximum lateral 
occupant ridedown acceleration was 0.4 g. Pass 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 302 ft behind and 

10 ft to the left of the original impact location with 
the test article. 

Pass 
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9.5 SINGLE MOLDED PLASTIC MAILMASTER® MAILBOX WITH WOOD 
SUPPORT IN TYPE 5 FOUNDATION 

9.5.1 System Details 

The mailbox configuration used for this test consisted of a two-piece molded plastic 
mailbox assembly mounted on a nominal 4 × 4 × 54-inch long wood post embedded 2 ft-6 inches 
in soil. The Step 2 Home Mailmaster® Plus plastic mailbox (Model #540200) was supplied with 
lag screws and wood screws, which were used to secure it to the support post at a height that 
placed the bottom of the integral mailbox at a height of 42 inches above grade.  

Figure 9.26 presents overall information on the two-piece molded plastic Mailmaster® 
mailbox with wood support (Type 5 foundation), and Figure 9.27 provides photographs of the 
installation. Appendix H.4.1 provides further details. Appendix H.1.2 contains material 
certification documents. 

9.5.2 MASH Test 3-61 (Crash Test No. 469468-8-4) 

9.5.2.1 Test Designation and Actual Impact Conditions 

MASH Test 3-61 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the 
mailbox support at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 0° ±1.5°. The target 
impact point for MASH Test 3-61 on the two-piece molded plastic mailbox was the right quarter 
point of the vehicle aligned with the centerline of the mailbox support.  

The 2011 Kia Rio* used in the test weighed 2433 lb, and the actual impact speed and 
angle were 62.8 mi/h and 0°, respectively. The actual impact point was the right quarter point of 
the vehicle aligned with the centerline of the mailbox support. Target KE was 288 kip-ft, and 
actual KE was 321 kip-ft. 

9.5.2.2 Weather Conditions 

The test was performed on the morning of April 4, 2018. Weather conditions at the time 
of testing were as follows: wind speed: 7 mi/h; wind direction: 52° (vehicle was traveling in a 
southerly direction); temperature: 58°F; relative humidity: 47 percent. 

9.5.2.3 Test Vehicle 

Figures 9.28 and 9.29 show the 2011 Kia Rio used for the crash test. The vehicle’s test 
inertia weight was 2433 lb, and its gross static weight was 2598 lb. The height to the lower edge 
of the vehicle bumper was 7.75 inches, and the height to the upper edge of the bumper was 
21.5 inches. Table H.10 in Appendix H.4.2 gives additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

                                                 
* The 2011 model vehicle used is older than the 6-year age noted in MASH and was selected based upon availability. 
An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the 
vehicle’s year model, this 2011 model vehicle met the MASH requirements.  
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Figure 9.26. Details of Single Molded Plastic Mailmaster® Mailbox with Wood Support 

Post in Type 5 Foundation. 
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Figure 9.27. Single Molded Plastic Mailmaster® Mailbox with Wood Support Post in Type 5 
Foundation prior to Testing. 
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Figure 9.28. Single Molded Plastic Mailmaster® Mailbox with Wood Support Post in Type 
5 Foundation/Test Vehicle Geometrics for Test No. 468469-8-4. 

 

  
  

Figure 9.29. Test Vehicle before Test No. 468469-8-4. 
NOTE: Photos taken prior to insertion of dummy. 

9.5.2.4 Test Description 

The test vehicle impacted the molded plastic mailbox assembly with Type 5 foundation 
with the right quarter point of the vehicle aligned with the centerline of the mailbox support at a 
speed of 62.8 mi/h and an angle of 0°. Table 9.10 lists events that occurred during Test 
No. 469468-8-4. Figure H.25 in Appendix H.4.3 presents sequential photographs during the test. 

Table 9.10. Events during Test No. 469468-8-4. 
TIME (s) EVENT 

0.000 Right front quarter point of vehicle contacts mailbox support 
0.008 Plastic mailbox assembly begins to rip just above wood post 
0.016 Top mailbox section separates from plastic support section 
0.023 Wooden support post completely fractured 
0.026 Plastic mailbox support completely ripped apart 
0.047 Top mailbox part impacts windshield, windshield shatters 
0.051 All parts of mailbox off front of car 
0.083 Vehicle loses contact with support/mailbox while traveling at 61.8 mi/h 
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Brakes on the vehicle were applied at 1.3 s after impact, and the vehicle came to rest 
288 ft downstream from the impact point and along centerline of the impact path. 

9.5.2.5 Damage to Test Installation 

Figure 9.30 shows damage to the support and mailbox. The wood support post fractured 
slightly below ground, and the support post and mailbox fractured into several pieces. The base 
of the mailbox was resting 51 ft downstream from impact and 30 ft to the right of centerline of 
the vehicle impact path. The top of the support post came to rest 83 ft downstream from impact 
and 2 ft to the right of centerline. The mailbox was resting 97 ft downstream and 30 ft to the 
right of centerline. A fractured piece of support post and the bottom of the base of the mailbox 
support came to rest 159 ft downstream and along the centerline of the vehicle impact path. 

  

  

  
 

Figure 9.30. Single Molded Plastic Mailmaster® Mailbox with Wood Support in Type 5 
Foundation after Test No. 469468-8-4. 
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9.5.2.6 Damage to Test Vehicle 

Figure 9.31 shows the damage sustained by the vehicle. A very small depression in the 
right side of the bumper and hood were observed. The hood was deformed on the right side. The 
windshield was cracked in the right lower quadrant near the hood over an area measuring 
approximately 32 inches × 27 inches and 1.9 inches deep. No hole or tear was observed in the 
windshield. Maximum exterior crush to the vehicle was so slight as to be unmeasurable. 
Maximum occupant compartment deformation was 1.9 inches in the windshield area. Figure 9.32 
shows the interior of the vehicle. Tables H.11 and H.12 in Appendix H.4.2 provide exterior crush 
and occupant compartment measurements. 

  
  

Figure 9.31. Test Vehicle after Test No. 469468-8-4. 
 

  
Before Test After Test 

  

Figure 9.32. Interior of Test Vehicle for Test No. 469468-8-4. 

9.5.2.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and results are shown in Table 9.11. Figure 9.33 summarizes 
these data and other pertinent information from the test. Figure H.26 in Appendix H.4.4 shows 
the vehicle angular displacements, and Figures H.27 through H.32 in Appendix H.4.5 show 
acceleration versus time traces. 
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Table 9.11. Occupant Risk Factors for Test No. 469468-8-4. 

Occupant Risk Factor Value Time 
Impact Velocity    

 Longitudinal 1.0 ft/s at 0.6758 s on left side of interior 
 Lateral 3.3 ft/s 

Ridedown Accelerations   
 Longitudinal 0.2 g 0.8288–0.8388 s 

 Lateral 0.4 g 0.8026–0.8126 s 

THIV 3.6 km/h 
1.0 m/s at 0.6737 s on left side of interior 

PHD 0.4 g 0.8026–0.8126 s 
ASI 0.04 0.0027–0.0527 s 

Maximum 50-ms Moving Average    
 Longitudinal −0.4 g 0.0000–0.0500 s 

 Lateral 0.4 g 0.2665–0.3165 s 
 Vertical 0.4 g 0.0135–0.0635 s 

Maximum Roll, Pitch, and Yaw Angles   
 Yaw 2° 0.0819 s 
 Pitch 3° 0.8198 s 
 Roll 5° 0.8099 s 

 

9.5.2.8 Assessment of Test Results 

The 4×4 wood support post fractured slightly below grade. The molded plastic 
mailbox system separated and fractured into several pieces. The separated upper section of the 
plastic mailbox system contacted the windshield. Maximum deformation of the windshield 
was 1.9 inches, and there were no tears or holes through the windshield. 

Table 9.12 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-61. Table 9.12 shows the single molded plastic Mailmaster® mailbox 
with wood support post (Type 5 foundation) met all applicable criteria for MASH Test 3-61. 
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0.000 s 0.050 s 0.100 s 0.150 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 
 Installation Height ..............  
 Material or Key Elements ...  
 
Soil Type and Condition .....  
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-61 
469468-8-4 
2018-04-04 
 
Support Structure 
Single Molded Plastic Mailmaster® 
Mailbox with Wood Support in Type 5 
Foundation 
42 inches above grade 
Two-piece molded mailbox mounted on a 
nominal 4 × 4 × 54-inch long wood post 
Direct embed in crushed limestone, damp 
 
1100C 
2011 Kia Rio 
2466 lb 
2433 lb 
165 lb 
2598 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Angle .................................  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
62.8 mi/h 
0° 
Right quarter point 
321 kip-ft 
 
61.8 mi/h 
0° 
 
1.0 ft/s 
3.3 ft/s 
0.2 g 
0.4 g 
3.6 km/h 
0.4 g 
0.04 
 
-0.4 g 
0.4 g 
0.4 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 
Test Article Debris Scatter 
 Longitudinal ..............................  
 Lateral .......................................  
 
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
288 ft downstream 
 
 
2° 
3° 
5° 
 
 
159 ft 
30 ft 
 
 
12FR1 
12FREN1 
Not measurable 
RF0000000 
 
1.9 inches 
 

 

Figure 9.33. Summary of Results for MASH Test 3-61 on Single Molded Plastic Mastermail® Mailbox with Wood Support in 
Type 5 Foundation.  
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Table 9.12. Performance Evaluation Summary for MASH Test 3-61 on Single Molded Plastic Mailmaster® Mailbox with 
Wood Support Post in Type 4 Foundation. 

Test Agency: Texas A&M Transportation Institute Test No.: 469468-8-4   Test Date: 2018-04-04 
MASH Test 3-61 Evaluation Criteria Test Results Assessment 

Structural Adequacy   
B. The test article should readily activate in a predictable 

manner by breaking away, fracturing, or yielding. 
The wood post (Type 5 foundation) supporting the 
two-piece molded plastic Mailmaster® mailbox 
fractured slightly below ground upon impact by the 
1100C vehicle. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

The mailbox and support did not penetrate or show 
potential for penetrating the occupant 
compartment, or to present undue hazard to others 
in the area. 

Pass 
Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

The windshield was cracked, and maximum 
deformation was 1.9 inches. No tear or hole in the 
windshield was observed. No other occupant 
compartment deformation was observed. 

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

The 1100C vehicle remained upright during and 
after the collision event. Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 10 ft/s, or at least 
below the maximum allowable value of 16.4 ft/s. 

Longitudinal OIV was 1.0 ft/s, and lateral OIV was 
3.3 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 Gs, or at least below the maximum allowable value 
of 20.49 Gs. 

Maximum longitudinal occupant ridedown 
acceleration was 0.2 g, and maximum lateral 
occupant ridedown acceleration was 0.4 g. Pass 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 288 ft behind the 

original location of the test article. Pass 
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9.6 CONCLUSIONS 

An assessment of the four mailbox configurations based on the applicable safety 
evaluation criteria for MASH Test 3-61 was provided in Tables 9.3, 9.6, 9.9, and 9.12.  

9.6.1 Single Mailbox with Recycle Rubber Support in Type 4 Foundation 

The single mailbox with recycled rubber support in Type 4 foundation readily released 
out of the socket upon impact by the 1100C vehicle. The mailbox and support post did not 
penetrate or show potential for penetrating the occupant compartment, or to present undue hazard 
to others in the area. The windshield was cracked, but no hole, tear, or measurable deformation 
was observed. No other occupant compartment deformation was observed. The 1100C vehicle 
remained upright during and after the collision event. There was no occupant contact in the 
longitudinal or lateral directions. The 1100C vehicle came to rest 366 ft behind the original 
location of the test article. 

9.6.2 Double Mailbox with Thin-Wall Galvanized Support in Type 4 Foundation  

The double mailbox with thin-wall galvanized support pipe in Type 4 foundation 
deformed along the front of the vehicle and released out of the socket. The mailbox and support 
did not penetrate or show potential for penetrating the occupant compartment, or to present 
undue hazard to others in the area. No windshield contact or occupant compartment deformation 
was observed. The 1100C vehicle remained upright during and after the collision event. 
Occupant risk factors were within the preferred limits specified in MASH. The 1100C vehicle 
came to rest 306 ft behind the original location of the test article. 

9.6.3 Multiple Mailboxes with Multi-Mount Support in Type 4 Foundation 

The multiple mailboxes with multi-mount support in Type 4 foundation readily released 
out of the socket upon impact by the 1100C vehicle. The mailboxes and support did not penetrate 
or show potential for penetrating the occupant compartment, or to present undue hazard to others 
in the area. The windshield was cracked, and there was 1.8 inches of deformation inward toward 
the occupant compartment. No tear or hole was observed in the windshield. No other occupant 
compartment deformation was observed. The 1100C vehicle remained upright during and after 
the collision event. Occupant risk factors were within the preferred limits specified in MASH. 
The 1100C vehicle came to rest 302 ft behind and 10 ft to the left of the original location of the 
test article. 

9.6.4 Single Molded Plastic Mailmaster® Mailbox with Wood Support in Type 5 
Foundation 

The single molded plastic Mailmaster® mailbox with wood support post in Type 5 
foundation fractured slightly below ground upon impact by the 1100C vehicle. The mailbox and 
support did not penetrate or show potential for penetrating the occupant compartment, or to 
present undue hazard to others in the area. The windshield was cracked, and maximum 
deformation was 1.9 inches. No tear or hole was observed. Occupant risk factors were within the 
preferred limits specified in MASH. The 1100C vehicle remained upright during and after the 
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collision event. The 1100C vehicle came to rest 288 ft behind the original location of the test 
article. 

9.6.5 Assessment 

 Table 9.13 summarizes the assessment of the mailbox configurations that were tested. 

Table 9.13. Assessment Summary for Mailbox Tests. 
 

Evaluation  
Factors 

Evaluation  
Criteria 

Test No. 
469468-8-1 

- Single 
Mailbox – 
Recycled 
Rubber 
Support 

Test No. 
469468-8-2 
– Double 
Mailbox – 
Thin Wall 
Galvanized 

Support 

Test No.  
469468-8-3 – 

Multiple 
Mailboxes –

Multi-
Mount 

Support 

Test No. 
469468-8-4 – 

Single 
Molded 
Plastic 

Mailbox – 
Wood 

Support 
Structural  
Adequacy B S S S S 

Occupant  
Risk 

D S S S S 

F S S S S 

H S S S S 

I S S S S 

Vehicle  
Trajectory N S S S S 

Test No. 
MASH 

Test  
3-61 

MASH 
Test  
3-61 

MASH Test  
3-61 

MASH Test  
3-61 

Pass/Fail Pass Pass Pass Pass 

S = Satisfactory 
U = Unsatisfactory 
N/A = Not Applicable 
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CHAPTER 10: 
SKID-MOUNTED DUAL WOOD POST TEMPORARY SIGN SUPPORT 

SYSTEM 

10.1 BACKGROUND* 

The skid-mounted dual wood post temporary sign support system uses dual 4-inch × 
4-inch posts and is designed for use with a maximum 21 sq. ft sign panel. Details can be found 
on TxDOT Barricade and Construction sheet BC(5)-14.  

The MASH test matrix for work zone traffic control devices includes a high-speed test 
with a passenger car (Test 3-71) and pickup truck (Test 3-72) at both 0° and 90° impact 
orientations. The skid-mounted dual wood post temporary sign support system was previously 
tested with a small passenger car at high speed under NCHRP Report 350 (13). Although the 
small passenger car design test vehicle has changed under MASH, its performance in frontal 
impacts with large skid-mounted sign support systems is not expected to differ appreciably.  

A pickup truck test was performed on the skid-mounted dual wood post temporary sign 
support system with 5-ft mounting height at 0° under NCHRP Report 350 (14). TxDOT currently 
specifies a 7-ft mounting height, which is considered less critical for the pickup truck impact. 
Although the pickup truck design test vehicle has changed under MASH, review of the previous 
pickup truck test at the lower mounting height indicates that the impact performance of the skid-
mounted dual wood post temporary sign support system at 7-ft mounting height with the MASH 
2270P pickup truck at 0° should be acceptable. Therefore, only MASH Test 3-72 at 90° was 
considered necessary to assess MASH compliance.  

MASH states “that lightweight free-standing features cannot cause sufficient velocity 
change to result in failure of the test under occupant risk criteria. Therefore, Tests 3-71 and 3-72 
can be conducted without the instrumentation necessary for determining occupant risk whenever 
the test article has a total weight of 220 lb (100 kg) or less.” Consequently, the pickup truck test 
vehicle was not instrumented in the testing of the skid-mounted dual wood post temporary sign 
support system.  

10.2 SYSTEM DETAILS 

This test installation consisted of a 48-inch square × ⅛-inch thick aluminum sign panel 
secured to a nominal 4×4 wood supports with 4 bolts. The panel had rounded corners and was 
placed in a diamond orientation, with the lower corner at 84 inches above grade. The wood frame 
consisted of nominal 4×4, 2×6, and 2×4 lumber and assorted hardware. All lumber was treated 
southern yellow pine. All hex bolts were grade 5, and each had two USS flat washers, one lock 
washer, and one hex nut. Each lag screw had a USS flat washer under the head.  

The installation was placed on an existing concrete apron but was not secured to it. The 
skid-mounted dual wood post temporary sign support system was placed with the sign panel at 
90° parallel to the vehicle path. Figure 10.1 presents details on the skid-mounted dual wood post 
temporary sign support system, and Figure 10.2 provides photographs of the installation.  

                                                 
* The opinions/interpretations identified/expressed in Section 10.1 are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 
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Figure 10.1. Overall Details of Skid-Mounted Dual Wood Post Temporary Sign Support 

System.  
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Figure 10.1. Overall Details of Skid-Mounted Dual Wood Post Temporary Sign 
Support System (Continued).  
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Figure 10.1. Overall Details of Skid-Mounted Dual Wood Post Temporary Sign 
Support System (Continued).  
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Figure 10.2. Skid-Mounted Dual Wood Post Temporary Sign Support System prior to 
Testing. 

10.3 MASH TEST 3-72 (CRASH TEST NO. 469468-9-1) 

10.3.1 Test Designation and Actual Impact Conditions 

MASH Test 3-72 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the traffic 
control device at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 90° ±1.5°. The target 
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impact point for MASH Test 3-72 on the traffic control device was the right front quarter point of 
the vehicle aligned with the centerline of the traffic control device.  

The 2012 Dodge RAM 1500 pickup truck used in the test weighed 5034 lb, and the actual 
impact speed and angle were 61.1 mi/h and 90°, respectively. The actual impact point was the 
right front quarter point aligned with the centerline of the sign supports. Target KE was 
594 kip-ft, and actual KE was 628 kip-ft.  

10.3.2 Weather Conditions 

The test was performed on the morning of February 19, 2018. Weather conditions at the 
time of testing were as follows: wind speed: 16 mi/h; wind direction: 180° (vehicle was traveling 
in a northerly direction); temperature: 75°F; relative humidity: 81 percent. 

10.3.3 Test Vehicle 

Figures 10.3 and 10.4 show the 2012 Dodge RAM 1500 pickup truck used for the crash 
test. The vehicle’s test inertia weight was 5034 lb, and its gross static weight was 5034 lb. The 
height to the lower edge of the vehicle bumper was 9.5 inches, and the height to the upper edge 
of the bumper was 27.0 inches. The height to the vehicle’s center of gravity was 28.5 inches. 
Tables I.1 and I.2 in Appendix I.1 give additional dimensions and information on the vehicle. 
The vehicle was directed into the installation using a cable reverse tow and guidance system, and 
was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 10.3. Skid-Mounted Dual Wood Post Temporary Sign Support System/Test Vehicle 
Geometrics for Test No. 469468-9-1. 

 

  
  

Figure 10.4. Test Vehicle before Test No. 469468-9-1. 
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10.3.4 Test Description 

The test vehicle impacted the skid-mounted dual wood post temporary sign support 
system at a speed of 61.1 mi/h and an angle of 90° with the right front quarter point aligned with 
the centerline of the sign supports. Table 10.1 lists events that occurred during Test No. 469468-
9-1. Figure I.1 in Appendix I.2 presents sequential photographs during the test. 

Table 10.1. Events during Test No. 469468-9-1. 
TIME (s) EVENT 

0.000 Right front quarter point of vehicle contacts support 
0.014 First support fractures 
0.038 Impact with second support 
0.041 Right front tire begins to climb over sand bags 
0.049 Second support fractures 
0.117 Right front tire clear of base and sand bags 
0.126 Corner of sign panel impacts rear roof area of vehicle 
0.293 Vehicle loses contact with device while traveling at 60.4 mi/h 

10.3.5 Damage to Test Installation 

Figure 10.5 shows the damage to the skid-mounted dual wood post temporary sign 
support system. The system fractured into several pieces. Part of the base was resting 3.5 ft 
downstream and another section was resting 30 ft downstream. The sign panel with sections of 
the support posts was resting 15 ft downstream of impact. Several smaller pieces of the base 
were resting 150 ft downstream and 6 ft to the left of impact and 225 ft downstream and 27 ft 
right of impact. 

10.3.6 Damage to Test Vehicle 

Figure 10.6 shows the damage sustained by the vehicle. The right side front bumper and 
right side hood had small dents. The rear right side of the roof sustained a 10-inch long × 6-inch 
dent. Maximum exterior crush to the vehicle was 1.0 inch on the rear roof. No occupant 
compartment deformation or intrusion was observed. Tables I.3 and I.4 in Appendix I.1 provide 
exterior crush and occupant compartment measurements. 

10.3.7 Occupant Risk Factors 

According to MASH, when the weight of the traffic control device is less than 220 lb, 
the test may be performed without vehicle instrumentation. The skid-mounted dual wood post 
temporary sign support system weighed 130 lb. Therefore, occupant risk factors were not 
obtained for this test. Figure 10.7 summarizes other pertinent information from the test.  
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Figure 10.5. Skid-Mounted Dual Wood Post Temporary Sign Support System after Test No. 
469468-9-1. 
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Figure 10.6. Test Vehicle after Test No. 469468-9-1. 
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0.000 s 0.050 s 0.100 s 0.150 s 

 

 

 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 
 Installation Height ..............  
 Material or Key Elements ...  
 
 
Soil Type and Condition .....  
 
 

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-72 at 90° 
469468-9-1 
2018-02-19 
 
Work Zone Traffic Control Device 
Skid-Mounted Dual Wood Post Temporary 
Sign Support System 
84 inches from grade to bottom of sign. 
48-inch square × ⅛-inch thick aluminum 
sign panel secured to dual 4×4 supports 
attached to wooden skids 
Placed on concrete surface, dry 
 

Test Vehicle 
 Type/Designation ...........  
 Make and Model.............  

  Curb ...............................  
 Test Inertial ....................  
 Dummy ..........................  
 Gross Static ...................  
Impact Conditions 
 Speed ............................  
 Angle .............................  
 Location/Orientation .......  
 
Kinetic Energy .................  
Exit Conditions 
 Speed ............................  
 Angle .............................  
 

 
2270P 
2012 Dodge Ram 1500 
4870 lb 
5034 lb 
No dummy 
5034 lb 
 
61.1 mi/h 
90° 
Right quarter point 
 
628 kip-ft 
 
60.4 mi/h 
90° 
 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Test Article Debris Scatter 
 Longitudinal ..............................  
 Lateral .......................................  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
248 ft downstream 
 
 
225 ft  
27 ft 
 
12FR1 
12FREN1 
1.0 inch (roof) 
RF0000000 
 
None 
 
 
 

Figure 10.7. Summary of Results for MASH Test 3-72 at 90° on Skid-Mounted Dual Wood Post Temporary Sign Support 
System. 
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10.3.8 Assessment of Test Results 

The skid-mounted dual wood post temporary sign support system broke apart upon 
impact. The detached sign panel and fractured supports did not penetrate the occupant 
compartment. The debris did not present undue hazard to others in the area. The windshield 
was cracked, but no measurable deformation was observed. No other occupant compartment 
deformation was observed. The sign panel and supports would not block the driver’s vision 
enough to cause loss of control of the vehicle. The 2270P vehicle remained upright during and 
after the collision event. The 2270P vehicle came to rest 248 ft behind device.  

10.4 CONCLUSIONS 

Table 10.2 shows the skid-mounted dual wood post temporary sign support system 
met all applicable criteria for MASH Test 3-72 at 90°. 
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Table 10.2. Performance Evaluation Summary for MASH Test 3-72 at 90° on Skid-Mounted Dual Wood Post Temporary 
Sign Support System. 

Test Agency: Texas A&M Transportation Institute Test No.: 469468-9-1   Test Date: 2018-02-19 
MASH Test 3-72 Evaluation Criteria Test Results Assessment 

Structural Adequacy   
B. The test article should readily activate in a predictable 

manner by breaking away, fracturing, or yielding. 
The supports of the skid-mounted dual wood post 
temporary sign support system readily fractured 
upon impact. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

The detached sign panel and upright support did 
not penetrate the occupant compartment. The 
debris did not present undue hazard to others in the 
area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

The roof was dented 1.0 inch, but did not deform 
into the occupant compartment. No other occupant 
compartment deformation was observed. 

E. Detached elements, fragments, or other debris from the 
test article, of vehicular damage should not block the 
driver’s vision or otherwise cause the driver to lose 
control of the vehicle. 

The sign panel and supports would not block the 
driver’s vision enough to cause loss of control of 
the vehicle. Pass 

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

The 2270P vehicle remained upright during and 
after the collision event. Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 10 ft/s, or at least 
below the maximum allowable value of 16.4 ft/s. 

According to MASH, when the weight of the traffic 
control device is less than 220 lb, the test can be 
performed without vehicle instrumentation. The 
skid-mounted dual wood post temporary sign 
support system weighed 130 lb. Therefore, 
occupant risk factors were not obtained for this 
test. 

NA 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 Gs, or at least below the maximum allowable value 
of 20.49 Gs. 

NA 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 2270P vehicle came to rest 248 ft behind the 

original position of the test article. Pass 
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CHAPTER 11: 
MBGF WITH W6×8.5 STEEL POSTS IN ROCKY TERRAIN 

11.1 BACKGROUND* 

Guidance for installing the TxDOT MBGF in rocky terrain is found in general note 9 on 
metal beam guard fence standard GF(31)-14. The guidance varies depending on the depth at 
which rock is encountered. The most critical condition is when rock is encountered at or near the 
ground surface. When this occurs, the recommendation is to drill a 22-inch diameter hole (or two 
overlapping 12-inch diameter holes) to a depth of 24 inches into the rock. Any excess post length 
is cut, and the hole is backfilled with a cohesionless material.  

In these tests, the MBGF with W6×8.5 steel posts in rocky terrain was evaluated in 
accordance with MASH TL-3 requirements for longitudinal barriers. The tests consisted of 
MASH test designations 3-10 (small passenger car) and 3-11 (pickup truck). The rocky terrain 
was simulated using a cast-in-place concrete foundation beam with precast holes. A steel post 
configuration was considered more critical than the rectangular wood post configuration due to 
its potential for increased severity of post snagging and pullout potential.  

11.2 SYSTEM DETAILS 

11.2.1 Test Article and Installation Details 

The test installation consisted of a W-beam guardrail system with the top edge of the W-
beam rail mounted 31 inches above the roadway on W6×8.5 steel posts spaced at 6.25 ft. 
Routered wood blockouts, nominally 6 inches × 8 inches, were inserted between the W-beam rail 
and posts, and the W-beam rail splices were located midspan between the posts. The guardrail 
was anchored on each end with a TxDOT DAT terminal making the total installation length 
181.25 ft.  

An unreinforced concrete beam measuring 30 inches deep × 46 inches wide × 75 ft long 
was placed from post 10 to post 21 in the impact area of the length-of-need to simulate rocky 
terrain. Oval shaped voids measuring 12 inches wide × 22 inches long × 24 inches deep were 
cast in the beam at each post location to simulate holes cored in rock. The W6×8.5 steel posts 
rested on the bottom of these voids with the traffic face of the post placed 1 inch from the front 
edge of the void. The voids were then backfilled with ASTM C33 coarse aggregate, size no. 57, 
and hand-tamped with a rod in 6-inch lifts.  

Figure 11.1 presents overall information on the MBGF in rocky terrain, and Figure 11.2 
provides photographs of the installation. Appendix J.1 provides further details of the MBGF in 
rocky terrain. 

11.2.2 Material Properties 

Appendix J.2 provides material certification documents for the materials used to 
install/construct the MBGF in rocky terrain. 

                                                 
* The opinions/interpretations identified/expressed in Section 11.1 are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 
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Figure 11.1. Details of MBGF in Rocky Terrain. 
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Figure 11.1. Details of MBGF in Rocky Terrain (Continued). 
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Figure 11.2. MBGF in Rocky Terrain prior to Testing. 

11.2.3 Soil Conditions 

The remainder of the posts not installed in the concrete beam were installed in soil 
meeting grading B of AASHTO standard specification M147-65(2004) “Materials for Aggregate 
and Soil Aggregate Subbase, Base and Surface Courses.” 

In accordance with Appendix B of MASH, soil strength was measured the day of the 
crash test. During installation of the guardrail for full-scale crash testing, two W6×16 posts were 
installed in the immediate vicinity of the MBGF in rocky terrain installation using the same fill 
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materials and installation procedures used in the test installation and the previous standard 
dynamic tests. Table J.1 in Appendix J.3 presents minimum soil strength properties established 
through the previous dynamic testing performed in accordance with MASH Appendix B. 

As determined by the tests summarized in Appendix J.3, Table J.1, the minimum post 
loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of 
25 inches, are 3940 lb, 5500 lb, and 6540 lb, respectively (90 percent of static load for the initial 
standard installation).  

On April 26, 2018, the day of MASH 3-10 (Test No. 469468-10-2), measured loads on 
the post at deflections of 5 inches, 10 inches, and 15 inches were 8636 lbf, 8939 lbf, and 
9090 lbf, respectively. Table J.2 in Appendix J.3 shows the strength of the backfill material in 
which the guardrail was installed met minimum MASH requirements.  

On March 27, 2018, the day of MASH 3-11 (Test No. 469468-10-1), measured loads on 
the post at deflections of 5 inches, 10 inches, and 15 inches were 9141 lbf, 9898 lbf, and 
10,000 lbf, respectively. Table J.3 in Appendix J.3 shows the strength of the backfill material in 
which the guardrail was installed met minimum MASH requirements. 

11.3 MASH TEST 3-10 (CRASH TEST NO. 469468-10-2) 

11.3.1 Test Designation and Actual Impact Conditions 

MASH Test 3-10 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the CIP 
of the guardrail at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. Figure 11.3 
shows the target CIP for MASH Test 3-10 on the MBGF in rocky terrain was 8 ft-6 inches ±1 ft 
upstream of post 15 as determined using information in MASH section 2.3.2.  

 
Figure 11.3. Target CIP for MASH TL-3 Tests on MBGF in Rocky Terrain. 

The 2009 Kia Rio* used in the test weighed 2447 lb, and the actual impact speed and 
angle were 62.9 mi/h and 24.7°, respectively. The actual impact point was at 8.6 ft upstream of 
post 15. Minimum target IS was 51 kip-ft, and actual IS was 57 kip-ft. 

                                                 
* The 2009 model vehicle used is older than the 6-year age noted in MASH and was selected based upon availability. 
An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the 
vehicle’s year model, this 2009 model vehicle met the MASH requirements.  
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11.3.2 Weather Conditions 

The test was performed on the morning of April 26, 2018. Weather conditions at the time 
of testing were as follows: wind speed: 9 mi/h; wind direction: 344° (vehicle was traveling in a 
northwesterly direction); temperature: 63°F; relative humidity: 63 percent. 

11.3.3 Test Vehicle 

Figures 11.4 and 11.5 show the 2009 Kia Rio used for the crash test. The vehicle’s test 
inertia weight was 2447 lb, and its gross static weight was 2612 lb. The height to the lower edge 
of the vehicle bumper was 7.75 inches, and the height to the upper edge of the bumper was 
21.5 inches. Table J.4 in Appendix J.4.1 gives additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 11.4. MBGF in Rocky Terrain/Test Vehicle Geometrics for Test No. 469468-10-2. 

 

  
  

Figure 11.5. Test Vehicle before Test No. 469468-10-2. 
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11.3.4 Test Description 

The test vehicle contacted the MBGF with steel posts in rocky terrain 8.6 ft upstream of 
post 15 at a speed of 62.9 mi/h and an angle of 24.7°. Table 11.1 lists events that occurred during 
Test No. 469468-10-2. Figures J.1 and J.2 in Appendix J.4.2 present sequential photographs 
during the test. 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and 
pickups). The 1100C vehicle exited within the exit box criteria defined in MASH. After loss of 
contact with the barrier, the vehicle came to rest 136 ft downstream of the point of impact and 
17 ft toward the field side.  

Table 11.1. Events during Test No. 469468-10-2. 
TIME (s) EVENTS 

0.000 Left front corner of vehicle bumper contacts guardrail 
0.035 Vehicle begins to redirect 
0.153 Front left tire comes off ground 
0.190 Post 15 impacted by vehicle 
0.211 Part of bumper extends to farthest point beyond guardrail 
0.270 Vehicle contacts post 16 
0.318 Vehicle becomes parallel with guardrail 
0.359 Vehicle contacts post 17 
0.445 Vehicle contacts post 18 

0.661 Vehicle lost contact with the guardrail while traveling 30.4 mi/h at a 
trajectory/heading angle of 17.5°/8.5° 

11.3.5 Damage to Test Installation 

Figure 11.6 shows damage to the MBGF with steel posts in rocky terrain. The soil around 
post 1 was disturbed, and no movement was observed at posts 2 through 7. The soil around posts 
8 and 9 was disturbed and the blockouts were cracked. Posts 10 through 14 were leaning toward 
field side at 87°, 85°, 81°, 75°, and 65°, respectively. The rail separated from posts 14 through 
18, and the blockouts separated from posts 14 and 18. Posts 15 through 17 were pulled from their 
holes. Post 17 was resting 2.5 ft toward traffic lanes, post 15 was resting 2.5 ft toward the field 
side, and the rest of the pulled out posts were resting near the rail. Post 18 was leaning 16° 
downstream and 80° toward the field side. Posts 19, 20 and 21 were leaning 83°, 86°, and 88° 
toward field side, respectively. Post 22 was leaning 88° upstream and toward the field side and 
rotated slightly clockwise. Posts 23 through 25 were leaning upstream and toward the field side 
88°, and the blockouts were twisted on the post. Posts 26 through 30 were leaning upstream 88°. 
Working width was 75.9 inches, and height of working width was 39.5 inches. Maximum 
dynamic deflection during the test was 40.5 inches, and maximum permanent deformation was 
21.0 inches.  
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Figure 11.6. Posts 13 through 20 after Test No. 469468-10-2. 
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11.3.6 Damage to Test Vehicle 

Figure 11.7 shows the damage sustained by the vehicle. The front bumper, hood, grill, 
radiator and support, left front fender, left front strut and tower, left front tire and rim, and left 
front door were damaged. Maximum exterior crush to the vehicle was 9.0 inches in the front and 
side plane at the left front corner at bumper height. No occupant compartment deformation or 
intrusion occurred. Figure 11.8 shows the interior of the vehicle. Tables J.5 and J.6 in Appendix 
J.4.1 provide exterior crush and occupant compartment measurements. 

  
  

Figure 11.7. Test Vehicle after Test No. 469468-10-2. 

 

  
  

Figure 11.8. Interior of Test Vehicle after Test No. 469468-10-2. 

11.3.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and the results are shown in Table 11.2. Figure 11.9 summarizes 
these data and other pertinent information from the test. Figure J.3 in Appendix J.4.3 shows 
the vehicle angular displacements, and Figures J.4 through J.9 in Appendix J.4.4 show 
acceleration versus time traces. 
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11.3.8 Assessment of Test Results 

Table 11.3 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-11.  

Table 11.2. Occupant Risk Factors for Test No. 469468-10-2. 
Occupant Risk Factor Value Time 

OIV   
 Longitudinal 17.7 ft/s at 0.1440 s on left side of interior 

 Lateral 14.8 ft/s 
Occupant Ridedown Accelerations   

 Longitudinal 7.8 g 0.4048–0.4148 s 
 Lateral 8.9 g 0.1535–0.1635 s 

THIV 23.4 km/h 
6.5 m/s At 0.1390 s on left side of interior 

PHD 9.8 g 0.1535–0.1635 s 
ASI 0.64 0.0847–0.1347 s 

Maximum 50-ms Moving Average    
 Longitudinal −6.2 g 0.0807–0.1307 s 

 Lateral 4.9 g 0.1533–0.2033 s 
 Vertical 3.5 g 0.2194–0.2694 s 

Maximum Roll, Pitch, and Yaw Angles   
 Roll 15° 0.2360 s 

 Pitch 10° 1.9633 s 
 Yaw 45° 0.6140 s 
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0.000 s 0.200 s 0.400 s 0.700 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
Soil Type and Condition .....  
 
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-10 
469468-10-2 
2018-04-26 
 
Guardrail 
TxDOT MBGF in Rocky Terrain 
181 ft 3 inches 
31-inch tall W-beam guardrail on W6×8.5 
steel posts in simulated rocky terrain 
75-ft concrete beam with 12×22×24-inch 
deep leave-outs filled with cohesionless 
material, Dry 
 
1100C 
2009 Kia Rio 
2462 lb 
2447 lb 
165 lb 
2612 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Trajectory/Heading Angle ...  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
62.9 mi/h 
24.7° 
8.6 ft upstream of 
post 15 
57 kip-ft 
 
30.4 mi/h 
17.5°/8.5° 
 
17.7 ft/s 
14.8 ft/s 
7.8 g 
8.9 g 
23.4 km/h 
9.8 g 
0.64  
 
−6.2 g 
4.9 g 
3.5 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
136 ft downstream 
17 ft twd field side 
 
45° 
10° 
15° 
No 
No 
 
40.5 inches 
21.0 inches 
75.9 inches 
39.5 inches 
 
11LFQ5 
11FLEW4 
9.0 inches 
LS0000000 
 
None 
 

Figure 11.9. Summary of Results for MASH Test 3-10 on MBGF in Rocky Terrain. 
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Table 11.3. Performance Evaluation Summary for MASH Test 3-11 on MBGF with Steel Posts in Rocky Terrain. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-10-2   Test Date: 2018-03-27 

MASH Test 3-11 Evaluation Criteria Test Results Assessment 
Structural Adequacy   
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 

The MBGF with W6×8.5 posts in rocky terrain 
contained and redirected the 1100C vehicle. The 
vehicle did not penetrate, underride, or override the 
installation. Maximum dynamic deflection during 
the test was 40.5 inches. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

Post and blockout fragments were present but did 
not penetrate or show potential for penetrating the 
occupant compartment, or to present undue hazard 
to others in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

No occupant compartment deformation or intrusion 
occurred. 

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

The 1100C vehicle remained upright during and 
after the collision event. Maximum roll and pitch 
angles were 15° and 10°, respectively. 

Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 30 ft/s, or at least 
below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 17.7 ft/s, and lateral OIV 
was 14.8 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 gs, or at least below the maximum allowable value 
of 20.49 gs. 

Maximum longitudinal occupant ridedown 
acceleration was 7.8 g, and maximum lateral 
occupant ridedown acceleration was 8.9 g. Pass 

Vehicle Trajectory   
 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 
box criteria (not less than 32.8 ft for the 1100C and 
2270P vehicles) and should be documented. 

The 1100C vehicle exited within the exit box 
criteria. Documentation 

only 
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11.4 MASH TEST 3-11 (CRASH TEST NO. 469468-10-1) 

11.4.1 Test Designation and Actual Impact Conditions 

MASH Test 3-11 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the CIP 
of the guardrail at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. Figure 10.3 
shown in Section 10.3.1 shows the target CIP for MASH Test 3-11 on the MBGF in rocky terrain 
was 12 ft-6 inches ±1 ft upstream of post 15 (i.e., post 13) as determined using information in 
MASH section 2.3.2.  

The 2012 Dodge RAM 1500 pickup truck used in the test weighed 5017 lb, and the actual 
impact speed and angle were 63.3 mi/h and 24.4 degrees, respectively. The actual impact point 
was at 12.8 ft upstream of post 15. Minimum target impact severity was 106 kip-ft, and actual IS 
was 115 kip-ft. 

11.4.2 Weather Conditions 

The test was performed on the morning of March 27, 2018. Weather conditions at the 
time of testing were as follows: wind speed: 15 mi/h; wind direction: 202° (vehicle was traveling 
in a northwesterly direction); temperature: 77°F; relative humidity: 74 percent. 

11.4.3 Test Vehicle 

Figures 11.10 and 11.11 show the 2012 Dodge RAM 1500 pickup truck used for the 
crash test. The vehicle’s test inertia weight was 5017 lb, and its gross static weight was 5017 lb. 
The height to the lower edge of the vehicle bumper was 11.75 inches, and the height to the upper 
edge of the bumper was 27.0 inches. The height to the vehicle’s center of gravity was 
28.5 inches. Tables J.7 and J.8 in Appendix J.5.1 give additional dimensions and information on 
the vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 
 

  
  

Figure 11.10. MBGF in Rocky Terrain/Test Vehicle Geometrics for Test No. 469468-10-1. 
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Figure 11.11. Test Vehicle before Test No. 469468-10-1. 

11.4.4 Test Description 

The test vehicle contacted the MBGF with steel posts in rocky terrain 12.8 ft upstream of 
post 15 at a speed of 63.3 mi/h and an angle of 24.4°. Table 11.4 lists events that occurred during 
Test No. 469468-10-1. Figures J.10 and J.11 in Appendix J.5.2 present sequential photographs 
during the test. 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and 
pickups). The 2270P vehicle exited within the exit box criteria defined in MASH. After loss of 
contact with the barrier, the vehicle came to rest 150 ft downstream of the impact and 28 ft 
toward the field side.  
 

Table 11.4. Events during Test No. 469468-10-1. 
TIME (s) EVENTS 

0.000 Left front corner of vehicle bumper contacts guardrail 
0.060 Vehicle begins to redirect 
0.085 Left front tire makes contact with post 14 
0.990 Blockout at post 14 fractures 
0.185 Post 15 completely out of ground 
0.248 Left side of pickup bed begins to make contact with guardrail 
0.292 Vehicle contacted post 16  
0.305 Vehicle became parallel with the guardrail 
0.390 Post 13 and 14 at maximum displacement before recovering a bit 
0.425 Maximum deflection of guardrail occurs 

0.614 Vehicle loses contact with guardrail while traveling at 34.2 mi/h and 
trajectory/heading angle of 16.3°/10.9° 
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11.4.5 Damage to Test Installation 

Figures 11.12 and 11.13 show damage to the MBGF in rocky terrain. Post 1 was pulled 
upstream 1.75 inches, and post 2 was pulled upstream 0.75 inch. The W-beam rail element 
released from posts 3 through 10 and 14 through 20. Posts 10 and 11 were pulled slightly 
downstream and pushed toward the field side. Post 12 was leaning 85° downstream and 76° 
toward the field side. Post 13 was leaning 84° downstream and 65° toward field side. Posts 14 
through 18 pulled out of their holes and released from the rail element. Post 14 was resting 10 
inches downstream and 3 ft toward the field side. Post 15 was resting 11.5 ft downstream and 5 ft 
toward the field side. Post 16 was resting 18 ft downstream and 5 ft toward the field side. Post 17 
was resting 21 ft downstream and 6.5 ft toward the field side. Post 18 dislodged from the ground 
but remained adjacent to the guardrail. Post 19 was leaning 34° from horizontal. Post 20 was 
leaning 83° downstream and 82° toward the field side. Posts 21 through 30 were intact. The soil 
around posts 29 and 30 was disturbed. Working width was 76.2 inches, and height of working 
width was 11 inches. Maximum dynamic deflection during the test was 74.8 inches, and 
maximum permanent deformation was 41 inches.  

11.4.6 Damage to Test Vehicle 

Figure 11.14 shows the damage sustained by the vehicle. The front bumper, hood, grill, 
left front fender, left front tire and rim, left upper and lower ball joints, left front and rear doors, 
left exterior bed, and rear bumper were damaged. Maximum exterior crush to the vehicle was 
7.0 inches in the front and side plane at the left front corner at bumper height. No occupant 
compartment deformation or intrusion occurred. Figure 11.15 shows the interior of the vehicle. 
Tables J.9 and J.10 in Appendix J.4.2 provide exterior crush and occupant compartment 
measurements. 

11.4.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and the results are shown in Table 11.5. Figure 10.16 summarizes 
these data and other pertinent information from the test. Figure J.12 in Appendix J.5.3 shows 
the vehicle angular displacements, and Figures J.13 through J.18 in Appendix J.5.4 show 
acceleration versus time traces. 

11.4.8 Assessment of Test Results 

Table 11.6 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-11.  
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Figure 11.12. Posts 13 through 20 after Test No. 469468-10-1. 
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Figure 11.13. Upstream Terminal after Test No. 469468-10-1. 

 

  
  

Figure 11.14. Test Vehicle after Test No. 469468-10-1. 

 

  
Before Test After Test 

  

Figure 11.15. Interior of Test Vehicle for Test No. 469468-10-1. 
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Table 11.5. Occupant Risk Factors for Test No. 469468-10-1. 

Occupant Risk Factor Value Time 
OIV   

 Longitudinal 13.4 ft/s at 0.1652 s on left side of interior 
 Lateral 13.8 ft/s 

Occupant Ridedown Accelerations   
 Longitudinal 7.3 g 0.5725–0.5825 s 

 Lateral 7.8 g 0.3945–0.4045 s 

THIV 20.4 km/h 
5.7 m/s At 0.1583 s on left side of interior 

PHD 7.8 g 0.5725–0.5825 s 
ASI 0.63 0.3945–0.4445 s 

Maximum 50-ms Moving Average    
 Longitudinal −4.0 g 0.0711–0.1211 s 

 Lateral 5.3 g 0.3658–0.4158 s 
 Vertical −2.9 g 0.4956–0.5456 s 

Maximum Roll, Pitch, and Yaw Angles   
 Roll 8° 0.8200 s 

 Pitch 17° 0.7821 s 
 Yaw 47° 0.7723 s 
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0.000 s 0.200 s 0.400 s 0.700 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-11 
469468-10-1 
2018-03-27 
 
Guardrail 
TxDOT MBGF in Rocky Terrain 
181 ft 3 inches 
31-inch tall W-beam guardrail on W6×8.5 
steel posts in simulated rocky terrain 
75-ft concrete beam with 12×22×24-inch 
deep leave-outs filled with cohesionless 
material, Dry 
2270P 
2012 Dodge RAM 1500 pickup truck 
4850 lb 
5017 lb 
No dummy 
5017 lb 
 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Exit Trajectory ....................  
 Heading Angle ...................  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
63.3 mi/h 
24.4° 
12.8 ft upstream of 
post 15 
115 kip-ft 
 
34.2 mi/h 
16.3° 
10.9° 
 
13.4 ft/s 
13.8 ft/s 
7.3 g 
7.8 g 
20.4 km/h 
7.8 g 
0.63 
 
-4.0 g 
5.3 g 
-2.9 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
150 ft downstream 
28 ft twd field  
 
47° 
17° 
8° 
No 
No 
 
74.8 inches 
41 inches 
79.0 inches 
10.9 inches 
 
11LFQ5 
11FLEW3 
7.0 inches 
LS0000000 
 
None 
 

Figure 11.16. Summary of Results for MASH Test 3-11 on MBGF with Steel Posts in Rocky Terrain. 
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Table 11.6. Performance Evaluation Summary for MASH Test 3-11 on MBGF with Steel Posts in Rocky Terrain. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-10-1   Test Date: 2018-03-27 

MASH Test 3-11 Evaluation Criteria Test Results Assessment 
Structural Adequacy   
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 

The MBGF with W6×8.5 steel posts in rocky 
terrain contained and redirected the 2270P vehicle. 
The vehicle did not penetrate, underride, or 
override the installation. Maximum dynamic 
deflection during the test was 74.8 inches. 

Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

Post and blockout fragments were present but did 
not penetrate or show potential for penetrating the 
occupant compartment, or to present undue hazard 
to others in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

No occupant compartment deformation or intrusion 
occurred. 

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

The 2270P vehicle remained upright during and 
after the collision event. Maximum roll and pitch 
angles were 8° and 17°, respectively. 

Pass 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 30 ft/s, or at least 
below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 13.4 ft/s, and lateral OIV 
was 13.8 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 gs, or at least below the maximum allowable value 
of 20.49 gs. 

Maximum longitudinal occupant ridedown 
acceleration was 7.3 g, and maximum lateral 
occupant ridedown acceleration was 7.8 g. Pass 

Vehicle Trajectory   
 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 
box criteria (not less than 32.8 ft for the 1100C and 
2270P vehicles) and should be documented. 

The 2270P vehicle exited within the exit box 
criteria. Documentation 

only 
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11.5 CONCLUSIONS 

The MBGF with W6×8.5 steel posts in rocky terrain contained and redirected the 1100C 
vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum dynamic 
deflection during the test was 40.5 inches. Post and blockout fragments were present but did not 
penetrate or show potential for penetrating the occupant compartment, or to present undue hazard 
to others in the area. No occupant compartment deformation or intrusion occurred. The 1100C 
vehicle remained upright during and after the collision event. Maximum roll and pitch angles 
were 15° and 10°, respectively. Occupant risk factors were within the preferred limits specified 
in MASH. The 1100C vehicle exited within the exit box criteria. 

The MBGF with W6×8.5 steel posts in rocky terrain contained and redirected the 2270P 
vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum dynamic 
deflection during the test was 74.8 inches. Post and blockout fragments were present but did not 
penetrate or show potential for penetrating the occupant compartment, or to present undue hazard 
to others in the area. No occupant compartment deformation or intrusion occurred. The 2270P 
vehicle remained upright during and after the collision event. Maximum roll and pitch angles 
were 8° and 17°, respectively. Occupant risk factors were within the preferred limits specified in 
MASH. The 2270P vehicle exited within the exit box criteria. 

Table 11.7 shows the MBGF with W6×8.5 steel posts in rocky terrain performed 
acceptably for MASH TL-3. 
 

Table 11.7. Assessment Summary for MASH TL-3 Tests  
on TxDOT MBGF with W6×8.5 Steel Posts in Rocky Terrain. 

Evaluation  
Factors 

Evaluation  
Criteria Test No. 469468-10-2 Test No. 469468-10-1 

Structural  
Adequacy A S S 

Occupant  
Risk 

D S S 

F S S 

H S S 

I S S 

Test No. MASH Test 3-10 MASH Test 3-11 

Pass/Fail Pass Pass 

S = Satisfactory 
U = Unsatisfactory 
N/A = Not Applicable 
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CHAPTER 12: 
MBGF WITH ROUND WOOD POSTS IN ROCKY TERRAIN 

12.1 BACKGROUND* 

Guidance for installing the TxDOT MBGF in rocky terrain is found in general note 9 on 
metal beam guard fence standard GF(31)-14. TxDOT standards permit the use of three types of 
guardrail posts: a W6×8.5 steel post, a nominal 6-inch × 8-inch rectangular wood post, and a 
round wood post with a minimum 7-inch diameter. 

The steel post configuration in rocky terrain was successfully tested as documented in 
Chapter 11 of this report. MASH Test 3-11 of the TxDOT MBGF with round wood posts was 
unsuccessful as described in Chapter 6 of this report. In this test, several of the wood posts 
fractured and the vehicle overrode the guardrail installation. Based on this result, it was 
recommended that the guardrail in rocky terrain be further evaluated with round wood posts.  

 
The primary consideration for the evaluation of the W-beam guardrail with round wood 

posts is structural adequacy. MASH Test 3-11 with the pickup truck was considered the critical 
test. The impact performance with the passenger car should be acceptable based on the reduced 
snagging severity associated with the geometry of the round post compared to the steel post that 
was successfully tested.  

12.2 SYSTEM DETAILS 

12.2.1 Test Article and Installation Details 

The test installation consisted of a W-beam guardrail system with the top edge of the W-
beam rail mounted 31 inches above the roadway on nominal 7-inch diameter wood posts spaced 
at 6.25 ft. Routered wood blockouts, nominally 6 in. × 8 in., were inserted between the W-beam 
rail and posts, and the W-beam rail splices were located midspan between the posts. The 
guardrail was anchored on each end with a TxDOT DAT terminal making the total installation 
length 181.25 ft.  

An unreinforced concrete beam measuring 30 inches deep × 46 inches wide × 75 ft long 
was placed from post 10 to post 21 in the impact area of the length-of-need to simulate rocky 
terrain. Oval shaped voids measuring 12 inches wide × 22 inches long × 24 inches deep were 
cast in the beam at each post location to simulate holes cored in rock. The 7-inch diameter wood 
posts rested on the bottom of these voids with the traffic face of the post placed 1 inch from the 
front edge of the void. The voids were then backfilled with ASTM C33 coarse aggregate, size 
no. 57, and hand-tamped with a rod in 6-inch lifts.  

Figure 12.1 presents overall information on the MBGF with round wood posts in rocky 
terrain, and Figure 12.2 provides photographs of the installation. Appendix K.1 provides further 
details of the MBGF in rocky terrain. 

                                                 
* The opinions/interpretations identified/expressed in Section 12.1 are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 
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Figure 12.1. Details of Round Post Guardrail in Rocky Terrain. 
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Figure 12.1. Details of Round Post Guardrail in Rocky Terrain (Continued). 
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Figure 12.2. MBGF With Round Wood Posts in Rocky Terrain prior to Testing. 

 

12.2.2 Material Properties 

Appendix K.2 provides material certification documents for the materials used to 
install/construct the MBGF in rocky terrain. 

12.2.3 Soil Conditions 

The remainder of the posts not installed in the concrete beam were installed in soil 
meeting grading B of AASHTO standard specification M147-65(2004) “Materials for Aggregate 
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and Soil Aggregate Subbase, Base and Surface Courses.” In accordance with Appendix B of 
MASH, soil strength was measured the day of the crash test. During installation of the guardrail 
for full-scale crash testing, two W6×16 posts were installed in the immediate vicinity of the 
MBGF in rocky terrain using the same fill materials and installation procedures used in the test 
installation and the previous standard dynamic test. Table K.1 in Appendix K.3 presents 
minimum soil strength properties established through the previous dynamic testing performed in 
accordance with MASH Appendix B. 

As determined by the tests summarized in Appendix K.3, Table K.1, the minimum post 
loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of 
25 inches, are 3940 lb, 5500 lb, and 6540 lb, respectively (90 percent of static load for the initial 
standard installation). On the day of the test, August 21, 2018, loads on the post at deflections of 
5 inches, 10 inches, and 15 inches were 9900 lbf, 11,000 lbf, and 10,000+ lbf, respectively. 
Table K.2 in Appendix K.3 shows the strength of the backfill material in which the guardrail was 
installed met minimum MASH requirements. 

12.3 MASH TEST 3-11 (CRASH TEST NO. 469468-12-1) 

12.3.1 Test Designation and Actual Impact Conditions 

MASH Test 3-11 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the CIP 
of the guardrail at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. Figure 12.3 
shows the target CIP for MASH Test 3-11 on the round post guardrail in rocky terrain was 12.5 ft 
±1 ft upstream of post 15 (i.e., post 13) using information in MASH section 2.3.2.  

 
Figure 12.3. Target CIP for MASH TL-3 Tests on MBGF with Round Wood Posts in Rocky 

Terrain. 

The 2013 RAM 1500 pickup truck used in the test weighed 5018 lb, and the actual 
impact speed and angle were 63.3 mi/h and 26.0°, respectively. The actual impact point was at 
12.5 ft upstream of post 15 (i.e.at post 13). Minimum target IS was 106 kip-ft, and actual IS was 
129 kip-ft. 

12.3.2 Weather Conditions 

The test was performed on the morning of August 21, 2018. Weather conditions at the 
time of testing were as follows: wind speed: 9 mi/h; wind direction: 243° (vehicle was traveling 
in a northwesterly direction); temperature: 88°F; relative humidity: 67 percent. 
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12.3.3 Test Vehicle 

Figures 12.4 and 12.5 show the 2013 RAM 1500 pickup truck used for the crash test. The 
vehicle’s test inertia weight was 5018 lb, and its gross static weight was 5018 lb. The height to 
the lower edge of the vehicle bumper was 11.75 inches, and the height to the upper edge of the 
bumper was 27.0 inches. The height to the vehicle’s center of gravity was 28.8 inches. 
Tables K.3 and K.4 in Appendix K.4.1 give additional dimensions and information on the 
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance 
system, and was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 12.4. Round Post Guardrail/Test Vehicle Geometrics for Test No. 469468-12-1. 

 

  
  

Figure 12.5. Test Vehicle before Test No. 469468-12-1. 

12.3.4 Test Description 

The test vehicle contacted the MBGF with round wood posts in rocky terrain 12.5 ft 
upstream of post 15 (i.e., at post 13) at a speed of 63.3 mi/h and an angle of 26.0°. Table 11.1 
lists events that occurred during Test No. 469468-12-1. Figures K.1 and K.2 in Appendix K.4.2 
present sequential photographs during the test. 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and 
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pickups). The 2270P vehicle penetrated the guardrail and did not redirect and exit within the exit 
box criteria defined in MASH. After loss of contact with the barrier, the vehicle came to rest on 
the left (driver) side 80 ft downstream of the impact point and 6 ft toward the field side.  

Table 12.1. Events during Test No. 469468-12-1. 
TIME (s) EVENTS 

0.000 Left front corner of vehicle bumper contacts guardrail 
0.002 Post 13 begins to deflect toward field side 
0.017 Post 12 and 14 begin to deflect toward field side 
0.031 Rail element begins to rise upward at post 15 
0.034 Vehicle begins to redirect 
0.036 Post 15 begins to rise upward and deflect toward field side 
0.063 Left front bumper contacts post 13 
0.066 Post 16 begins to deflect toward field side 
0.070 Left front bumper contacts post 14 
0.086 Left front tire begins to ride over post 14 
0.100 Post 17 begins to deflect toward field side 
0.130 Left front bumper contacts post 15 
0.198 Left front bumper contacts post 16 
0.215 Rear of vehicle contacts guardrail 
0.257 Rail element begins to rupture 
0.274 Rail element completely separated 
0.295 Left front bumper contacts post 17 
0.387 Left front bumper and rail element contact post 18 
0.429 Vehicle becomes parallel with the barrier 

12.3.5 Damage to Test Installation 

Figures 12.6 and 12.7 show damage to the round post guardrail in rocky terrain. Post 1 
was pulled downstream 0.9 inch at ground level. The rail element ruptured at post 16 and 
separated from the posts and blockouts from post 1 through post 23. Posts 10, 11, and 12 were 
deflected toward the field side 0.5 inch, 1.2 inches, and 3.5 inches, respectively. Post 13 was split 
and deflected toward the field side 5.5 inches. Posts 14 and 16 through 21 were fractured at 
ground level, and post 15 was pulled out of the ground. Post 14 was resting 48 ft toward the field 
side, and post 20 was resting 11 ft toward traffic lanes, with the remainder remaining near the 
installation. No movement was observed from post 24 through the end of the installation. The 
maximum dynamic deflection of the W-beam rail was 61.3 inches prior to its rupture. 
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Figure 12.6. MBGF with Round Wood Posts in Rocky Terrain after Test No. 469468-12-1. 
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Figure 12.7. Ruptured Guardrail after Test No. 469468-12-1. 
 

12.3.6 Damage to Test Vehicle 

Figure 12.8 shows the damage sustained by the vehicle. The front bumper, hood, grill, 
radiator and support, left front tire and rim, left front frame rail, left upper and lower A-arms, left 
front and rear doors, left rear cab corner, left exterior bed, and left rear tire and rim were 
damaged. Maximum exterior crush to the vehicle was 16.0 inches in the side plane at the left 
front corner at bumper height. No occupant compartment deformation occurred. Figure 12.9 
shows the interior of the vehicle. Tables K.5 and K.6 in Appendix K.4.2 provide exterior crush 
and occupant compartment measurements. 
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Figure 12.8. Test Vehicle after Test No. 469468-12-1. 

 

  
Before Test After Test 

  

Figure 12.9. Interior of Test Vehicle for Test No. 469468-12-1. 

12.3.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 
evaluation of occupant risk, and the results are shown in Table 12.2. Figure 12.10 summarizes 
these data and other pertinent information from the test. Figure K.3 in Appendix J.4.3 shows 
the vehicle angular displacements, and Figures K.4 through K.9 in Appendix K.4.4 show 
acceleration versus time traces. 

12.3.8 Assessment of Test Results 

Table 12.3 provides an assessment of the test based on the applicable safety evaluation 
criteria for MASH Test 3-11.  
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Table 12.2. Occupant Risk Factors for Test No. 469468-12-1. 
Occupant Risk Factor Value Time 

OIV   
 Longitudinal 15.1 ft/s at 0.1625 s on left side of interior  Lateral 16.1 ft/s 

Occupant Ridedown Accelerations   
 Longitudinal 7.2 g 0.5431–0.5531 s 

 Lateral 6.7 g 0.2422–0.2522 s 

THIV 23.4 km/h 
6.5 m/s at 0.1564 s on left side of interior 

PHD 8.0 g 0.5431–0.5531 s 
ASI 0.71 0.1480–0.1980 s 

Maximum 50-ms Moving Average    
 Longitudinal −4.3 g 0.1018–0.1518 s 

 Lateral 5.4 g 0.1336–0.1836 s 
 Vertical 1.8 g 3.1709–3.2209 s 

Maximum Roll, Pitch, and Yaw Angles   
 Roll 98° 3.5554 s 

 Pitch 5° 0.7748 s 
 Yaw 161° 3.3417 s 
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0.000 s 0.100 s 0.200 s 0.500 s 

  
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-11 
469468-12-1 
2018-08-21 
 
Guardrail 
MBGF with round posts in Rocky Terrain 
181 ft 3 inches 
31-inch tall W-beam guardrail on nominal 
7-in diameter wood posts in simulated 
rocky terrain 
75-ft concrete beam with 12×22×24-inch 
deep leave-outs filled with cohesionless 
material, Dry 
2270P 
2013 RAM 1500 pickup truck 
5030 lb 
5018 lb 
No dummy 
5018 lb 
 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Exit Trajectory ....................  
 Heading Angle ...................  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
63.3 mi/h 
26.0° 
12.5 ft upstream of 
post 15 
129 kip-ft 
 
NA 
Behind Rail 
Behind Rail 
 
15.1 ft/s 
16.1 ft/s 
7.2 g 
6.7 g 
23.4 km/h 
8.0 g 
0.71 
 
-4.3 g 
5.4 g 
1.8 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Vehicle Intrusion .......................  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
80 ft downstream 
6 ft toward field  
 
161° 
5° 
98° 
No 
No 
 
Ruptured 
Ruptured 
Ruptured 
Ruptured 
 
11LFQ4 & 11L&T2 
11FLEO3 
16.0 inches 
LF0020000 
 
None 
 

Figure 12.10. Summary of Results for MASH Test 3-11 on MBGF with Round Wood Posts in Rocky Terrain. 
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Table 12.3. Performance Evaluation Summary for MASH Test 3-11 on MBGF with Round Wood Posts in Rocky Terrain. 
Test Agency: Texas A&M Transportation Institute Test No.: 469468-12-1   Test Date: 2018-08-21 

MASH Test 3-11 Evaluation Criteria Test Results Assessment 
Structural Adequacy   
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 

The MBGF with round wood posts in rocky terrain 
began to redirect the 2270P vehicle; however, the 
rail element ruptured and allowed the vehicle to 
penetrate the installation.  

Fail 

Occupant Risk   
D. Detached elements, fragments, or other debris from the 

test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone.  

Post and blockout fragments were present but did 
not penetrate or show potential for penetrating the 
occupant compartment, or to present undue hazard 
to others in the area. Pass 

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in Section 
5.3 and Appendix E of MASH. 

No occupant compartment deformation occurred. 

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

The 2270P vehicle rolled 90° onto its left side. 
Fail 

H. Longitudinal and lateral occupant impact velocities 
should fall below the preferred value of 30 ft/s, or at least 
below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 15.1 ft/s, and lateral OIV 
was 16.1 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 
accelerations should fall below the preferred value of 
15.0 gs, or at least below the maximum allowable value 
of 20.49 gs. 

Maximum longitudinal occupant ridedown 
acceleration was 7.2 g, and maximum lateral 
occupant ridedown acceleration was 6.7 g. Pass 

Vehicle Trajectory   
 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 
box criteria (not less than 32.8 ft for the 1100C and 
2270P vehicles) and should be documented. 

The 2270P vehicle penetrated the guardrail and did 
not redirect and exit within the exit box criteria 
defined in MASH.  

Documentation 
only 
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12.4 CONCLUSIONS 

The MBGF with round wood posts in rocky terrain began to redirect the 2270P vehicle; 
however, the rail element ruptured and allowed the vehicle to penetrate the installation. Post and 
blockout fragments were present but did not penetrate or show potential for penetrating the 
occupant compartment, or to present undue hazard to others in the area. No occupant 
compartment deformation occurred. The 2270P vehicle rolled 90° onto its left (driver) side. 
Occupant risk factors were with the preferred limits specified in MASH. The 2270P vehicle 
penetrated the guardrail and did not redirect and exit within the exit box criteria defined in 
MASH.  

 
Table 12.3 shows the MBGF with round wood posts in rocky terrain did not perform 

acceptably for MASH Test 3-11 due to rupture of the rail element and subsequent roll over of the 
vehicle. 
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CHAPTER 13: 
SUMMARY AND CONCLUSIONS 

A MASH implementation agreement was jointly developed and adopted by FHWA and 
AASHTO. It establishes various implementation dates for different categories of roadside safety 
features. In response to the implementation requirements, TxDOT Bridge, Design, Maintenance, 
and Traffic Operations Divisions reviewed their standards for roadside safety devices and 
identified those devices that require testing and evaluation to assess MASH compliance. These 
systems are being crash tested in accordance with MASH criteria in three phases over a three-
year period.  

This report documents the Phase II testing and evaluation effort. Test results and 
assessment of MASH compliance for each device are summarized below. 

13.1 TXDOT C402 BRIDGE RAIL 

The 1100C vehicle was contained and redirected. The hood of the vehicle was pushed 
into the windshield, which shattered, but did not penetrate or create excessive deformation into 
the occupant compartment. Maximum occupant compartment deformation was 2.5 inches in the 
driver side floor pan and firewall areas. The 1100C vehicle remained upright during and after the 
collision event. Occupant risk factors were within allowable limits. 

The TxDOT C402 bridge rail contained and redirected the 2270P vehicle. The hood of 
the vehicle was pushed into the windshield, which shattered, but did not penetrate or create 
excessive deformation into the occupant compartment. Maximum reduction of space in the 
occupant compartment was 1.0 inch in the driver side floor pan and kick panel areas. The 2270P 
vehicle remained upright during and after the test. Occupant risk factors were within the 
preferred limits. 

The single-unit truck was successfully contained and redirected. The vehicle remained 
stable and upright as it came to a stop. Some cracking was observed in the deck and parapet 
upstream of the expansion joint.  

The TxDOT C402 bridge rail performed acceptably according to MASH TL-4 evaluation 
criteria. 

13.2 TXDOT C412 BRIDGE RAIL 

The tractor-trailer was contained and redirected. The trailer rolled on top of the bridge 
rail and rode along the top until it exited the end of the installation. The trailer disconnected from 
the tractor and the trailer rolled onto its side after exiting the installation. The trailer roll began to 
recover from its maximum prior to exiting the system.  

The TxDOT C412 bridge rail performed acceptably according to MASH Test 5-12 
evaluation criteria. 
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13.3 TXDOT C411 BRIDGE RAIL 

The TxDOT C411 bridge rail contained and redirected the 1100C vehicle. The vehicle 
did not penetrate, underride, or override the installation. No dynamic deflection or permanent 
deformation was observed. No detached elements, fragments, or other debris were present to 
penetrate or show potential for penetrating the occupant compartment, or to present hazard to 
others in the area. Maximum occupant compartment deformation was 4.0 inches in the right 
firewall area. The 1100C vehicle remained upright during and after the collision event. 
Maximum roll and pitch angles were 26° and 13°, respectively. Occupant risk factors were 
within the allowable limits specified in MASH. The 1100C vehicle exited within the exit box 
criteria. 

The TxDOT C411 contained and redirected the 2270P vehicle. The vehicle did not 
penetrate, underride, or override the installation. No measurable dynamic deflection or 
permanent deformation was observed. No detached elements, fragments, or other debris were 
present to penetrate or show potential for penetrating the occupant compartment, or to present 
hazard to others in the area. Maximum occupant compartment deformation was 4.0 inches in the 
right firewall area. The 2270P vehicle remained upright during and after the collision event. 
Maximum roll and pitch angles were 7° and 3°, respectively. Occupant risk factors were within 
the preferred limits specified in MASH. The 2270P vehicle exited within the exit box criteria. 

The TxDOT C411 bridge rail performed acceptably according to MASH TL-2 evaluation 
criteria. 

13.4 TXDOT T1W BRIDGE RAIL 

The TxDOT T1W bridge rail contained and redirected the 1100C vehicle. The vehicle did 
not penetrate, underride, or override the installation. Maximum dynamic deflection during the 
test was 1.1 inches. No detached elements, fragments, or other debris were present to penetrate 
or show potential for penetrating the occupant compartment, or to present hazard to others in the 
area. Maximum occupant compartment deformation was 3.5 inches in the left firewall area. The 
1100C vehicle remained upright during and after the collision event. Maximum roll and pitch 
angles were 12° and 4°, respectively. Occupant risk factors were within the allowable limits 
specified in MASH. The 1100C vehicle exited within the exit box criteria.  

The TxDOT T1W contained and redirected the 2270P vehicle. The vehicle did not 
penetrate, underride, or override the installation. Maximum dynamic deflection during the test 
was 13.0 inches, and maximum deformation was 3.0 inches. No detached elements, fragments, 
or other debris were present to penetrate or show potential for penetrating the occupant 
compartment, or to present hazard to others in the area. Maximum occupant compartment 
deformation was 3.0 inches in the left firewall area. The 2270P vehicle remained upright during 
and after the collision event. Maximum roll and pitch angles were 15° and 4°, respectively. 
Occupant risk factors were within the preferred limits specified in MASH. The 2270P vehicle 
exited within the exit box criteria. 

The TxDOT T1W bridge rail performed acceptably according to MASH TL-3 evaluation 
criteria. 
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13.5 ROUND WOOD POST W-BEAM GUARDRAIL 

The round wood post w-beam guardrail did not contain or redirect the 2270P vehicle. The 
vehicle overrode the installation. Maximum dynamic deflection prior to override of the 
installation was 57.4 inches. Post and blockout fragments were present but did not penetrate or 
show potential for penetrating the occupant compartment, or to present undue hazard to others in 
the area. Maximum occupant compartment deformation as 5.0 inches in the right front floor pan 
area. The 2270P vehicle rolled 3.5 revolutions after overriding the installation. Occupant risk 
factors were within the allowable limits specified in MASH. The 2270P vehicle did not redirect 
and exit within the exit box criteria. 

Due to override of the installation and subsequent rollover of the 2270P vehicle, the 
round wood post w-beam guardrail did not perform acceptably for MASH Test 3-11. 

13.6 TXDOT 42-INCH SINGLE SLOPE CONCRETE MEDIAN BARRIER WITH 
LIGHT POLE 

The TxDOT 42-inch single slope concrete median barrier with light pole contained and 
redirected the 10000S vehicle. The vehicle did not penetrate, underride, or override the 
installation. Maximum dynamic deflection during the test was not obtainable due to vehicle 
obstruction of view. No detached elements, fragments, or other debris from the test article were 
present to penetrate or show potential for penetrating the occupant compartment or to present 
hazard to others in the area. The 10000S vehicle remained upright during and after the collision 
event. Maximum roll was 30°. The 10000S vehicle exited within the exit box criteria. 

The TxDOT 42-inch single slope concrete median barrier with light pole performed 
acceptably for MASH Test 4-12.  

13.7 SKID-MOUNTED SINGLE-POST PERFORATED STEEL TUBE TEMPORARY 
SIGN SUPPORT 

During MASH Test 3-72 at 0°, the sleeve of the skid-mounted single perforated steel tube 
temporary sign support system readily released from its skid upon impact upon impact by the 
2270P vehicle. The released sign panel and support post did not penetrate or show potential for 
penetrating the occupant compartment, or to present undue hazard to others in the area. The 
windshield was cracked, but no hole, tear, or measurable deformation was observed. No other 
occupant compartment deformation was observed. The sign panel and support post briefly 
slapped the windshield but would not block the driver’s vision enough to cause loss of control of 
the vehicle. The 2270P vehicle remained upright during and after the collision event. The 2270P 
vehicle came to rest 272 ft behind the point of impact with the device. 

During MASH Test 3-72 at 90°, the sleeve and support post of the skid-mounted single 
perforated steel tube temporary sign support system yielded to the 2270P vehicle upon impact. 
The detached sign panel and upright support did not penetrate the occupant compartment. The 
debris did not present undue hazard to others in the area. The windshield was cracked, but no 
hole, tear, or measurable deformation was observed. No other occupant compartment 
deformation was observed. The sign panel and support would not block the driver’s vision 
enough to cause loss of control of the vehicle. The 2270P vehicle remained upright during and 
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after the collision event. The 2270P vehicle came to rest 220 ft behind the point of impact with 
the device. 

The skid-mounted single perforated steel tube temporary sign support system performed 
acceptably for MASH Test 3-72 criteria. 

13.8 MAILBOXES 

13.8.1 Single Mailbox – Recycled Rubber Support Post – Type 4 Foundation 

The single mailbox with recycled rubber support post in Type 4 foundation readily 
released from the socket upon impact by the 1100C vehicle. The mailbox and support did not 
penetrate or show potential for penetrating the occupant compartment, or to present undue hazard 
to others in the area. The windshield was cracked, but no hole, tear, or measurable deformation 
was observed. No other occupant compartment deformation was observed. The 1100C vehicle 
remained upright during and after the collision event. No occupant contact occurred in either the 
longitudinal or lateral directions. The 1100C vehicle came to rest 366 ft behind the original 
location of the test article. The single mailbox with recycled rubber support post in Type 4 
foundation performed acceptably for MASH Test 3-61. 

13.8.2 Double Mailbox – Thin-Wall Galvanized Pipe Support – Type 4 Foundation  

The double mailbox with thin-wall galvanized support pipe in Type 4 foundation 
deformed around the front of the vehicle and released out of the socket. The mailbox and support 
did not penetrate or show potential for penetrating the occupant compartment, or to present 
undue hazard to others in the area. No windshield contact or occupant compartment deformation 
was observed. The 1100C vehicle remained upright during and after the collision event. 
Occupant risk factors were within the preferred limits specified in MASH. The 1100C vehicle 
came to rest 306 ft behind the original location of the test article. The double mailbox with thin-
wall galvanized pipe support in Type 4 foundation performed acceptably for MASH Test 3-61. 

13.8.3 Multiple Mailboxes – Multi-Mount Support – Type 4 Foundation 

The multiple mailboxes with multi-mount support in Type 4 foundation readily released 
out of the socket upon impact by the 1100C vehicle. The mailboxes and support did not penetrate 
or show potential for penetrating the occupant compartment, or to present undue hazard to others 
in the area. The windshield was cracked, and there was 1.8 inches of deformation inward toward 
the occupant compartment. No tear or hole was observed in the windshield. No other occupant 
compartment deformation was observed. The 1100C vehicle remained upright during and after 
the collision event. Occupant risk factors were within the preferred limits specified in MASH. 
The 1100C vehicle came to rest 302 ft behind and 10 ft to the left of the original location of the 
test article. The multiple mailboxes with multi-mount support in Type 4 foundation performed 
acceptably for MASH Test 3-61. 
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13.8.4 Single Molded Plastic Mailmaster® Mailbox – Wood Support Post– Type 5 
Foundation 

The single molded plastic Mailmaster® mailbox with wood support post in Type 5 
foundation fractured slightly below ground upon impact by the 1100C vehicle. The mailbox and 
support did not penetrate or show potential for penetrating the occupant compartment, or to 
present undue hazard to others in the area. The windshield was cracked, and maximum 
deformation was 1.9 inches. No tear or hole was observed in the windshield. Occupant risk 
factors were within the preferred limits specified in MASH. The 1100C vehicle remained upright 
during and after the collision event. The 1100C vehicle came to rest 288 ft behind the original 
location of the test article. The single molded plastic Mailmaster® mailbox with wood support 
post (Type 5 foundation) performed acceptably for MASH Test 3-61. 

13.9 Skid-Mounted Dual Wood Post Temporary Sign Support System 

The supports of the skid-mounted dual wood post temporary sign support system 
fractured upon impact by the 2270P vehicle. The detached sign panel and support segments 
did not penetrate the occupant compartment. The debris did not present undue hazard to others 
in the area. The windshield was cracked, but no hole, tear, or measurable deformation was 
observed. No other occupant compartment deformation was observed. The sign panel and 
supports would not block the driver’s vision enough to cause loss of control of the vehicle. 
The 2270P vehicle remained upright during and after the collision event. The 2270P vehicle 
came to rest 248 ft behind the original location of the test article. The skid-mounted dual 
wood post temporary sign support system met all applicable criteria for MASH Test 3-72 at 
90°. 

13.10 MBGF WITH W6×8.5 STEEL POSTS IN ROCKY TERRAIN 

The MBGF with W6×8.5 steel posts in rocky terrain contained and redirected the 1100C 
vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum dynamic 
deflection during the test was 40.5 inches. Post and blockout fragments were present but did not 
penetrate or show potential for penetrating the occupant compartment, or to present undue hazard 
to others in the area. No occupant compartment deformation or intrusion occurred. The 1100C 
vehicle remained upright during and after the collision event. Maximum roll and pitch angles 
were 15° and 10°, respectively. Occupant risk factors were within the preferred limits specified 
in MASH. The 1100C vehicle exited within the exit box criteria. 

The MBGF with W6×8.5 steel posts in rocky terrain contained and redirected the 2270P 
vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum dynamic 
deflection during the test was 74.8 inches. Post and blockout fragments were present but did not 
penetrate or show potential for penetrating the occupant compartment, or to present undue hazard 
to others in the area. No occupant compartment deformation or intrusion occurred. The 2270P 
vehicle remained upright during and after the collision event. Maximum roll and pitch angles 
were 8° and 16°, respectively. Occupant risk factors were within the preferred limits specified in 
MASH. The 2270P vehicle exited within the exit box criteria. 

The MBGF with W6×8.5 steel posts in rocky terrain performed acceptably for MASH 
TL-3 criteria. 
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13.11 MBGF WITH ROUND WOOD POSTS IN ROCKY TERRAIN 

The MBGF with round wood posts in rocky terrain began to redirect the 2270P vehicle; 
however, the rail element ruptured and allowed the vehicle to penetrate the installation. Post and 
blockout fragments were present but did not penetrate or show potential for penetrating the 
occupant compartment, or to present undue hazard to others in the area. No occupant 
compartment deformation or intrusion occurred. The 2270P vehicle rolled 90° onto its left side. 
Occupant risk factors were within the preferred limits specified in MASH. The 2270P vehicle 
exited within the exit box criteria. 

The MBGF with round posts in rocky terrain did not perform acceptably for MASH Test 
3-11 due to rupture of the rail element and subsequent roll over of the vehicle. 
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CHAPTER 14: 
IMPLEMENTATION* 

A total of 19 full-scale crash tests were performed under Phase II of this project to 
evaluate 14 different roadside safety devices or configurations. These tests represent the critical 
tests considered necessary to demonstrate MASH compliance of each device. Therefore, systems 
that met MASH requirements for the critical test conditions are considered MASH compliant and 
suitable for continued implementation beyond the MASH implementation deadline. 

TxDOT standards include multiple configurations or variations for many of these 
devices to accommodate different design considerations. In such instances, the critical or worst-
case configuration was selected and tested. If the critical configuration met MASH 
requirements, other less critical configurations of the device are also considered MASH 
compliant. The implementation recommendations for each system tested and evaluated in 
accordance with MASH are described in the sections below. 

14.1 TXDOT C402 BRIDGE RAIL 

The T402 bridge rail consists of a tubular steel rail attached to fabricated steel posts 
mounted to a 24-inch tall concrete parapet. The only difference between the T402 and C402 rail 
is that the C402 incorporates a nominal 2-inch diameter steel pipe attached to the traffic face of 
the steel posts between the concrete parapet and tubular rail element to meet pedestrian code 
requirements. 

TTI researchers consider the C402 bridge rail a more critical configuration than the T402 
bridge rail. The 24-inch height of the concrete parapet is above the bumper height of a passenger 
car and captures most of the pickup truck bumper. Therefore, although some sheet metal contact 
will occur, substantial snagging of vehicle components on the steel posts was not a significant 
concern. Testing the C402 bridge rail evaluated the attachment of the pedestrian pipe rail to the 
posts and the splices between the pipe sections to determine if there is any separation and 
interaction with the impacting vehicle. If this more critical configuration meets MASH 
requirements, the less critical T402 bridge rail would also be considered MASH compliant. 

The C402 bridge rail was crash tested with the elliptical tubular steel rail option. The 
elliptical tubular steel rail is considered more critical than the rectangular tube option because of 
its narrower contact surface area.  

The full MASH test matrix was successfully performed on the C402 bridge rail system. 
The full-scale crash tests consisted of test designations 4-10 (small passenger car), 4-11 (pickup 
truck), and 4-12 (single unit truck). Therefore, the C402 and T402 bridge rail systems with both 
elliptical and rectangular tube rail options are considered MASH TL-4 compliant. 
Implementation of these bridge rail systems can be achieved by the Bridge Division through 
revision of their respective standard sheets as necessary to reflect the details presented in 
Appendix A.1. 

                                                 
* The opinions/interpretations identified/expressed in this chapter are outside the scope of TTI Proving Ground’s 
A2LA Accreditation. 
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14.2 TXDOT C412 BRIDGE RAIL 

The TxDOT C412 bridge rail is an aesthetic concrete combination rail with cast-in-place 
windows designed to accommodate both vehicle and pedestrian traffic. Previously, it was 
successfully tested to NCHRP Report 350 TL-4 under the name F411 (2). TxDOT made changes 
to the reinforcement in the C412 rail to provide structural adequacy for MASH TL-5. 
 

When tested in accordance with MASH Test 5-12 with an 80,000-lb tractor-van trailer, 
the C412 bridge rail met all required MASH criteria. Because a variation of the C412 bridge rail 
with similar geometry was successfully tested to MASH TL-4 (3), test designations 5-10 and 
5-11 were deemed unnecessary.  
 

Consequently, the C412 bridge rail is considered MASH TL-5 compliant. Implementation 
of the C412 bridge rail can be achieved by the Bridge Division through development of a revised 
standard sheet based on details presented in Appendix B.1. 

14.3 TXDOT C411 BRIDGE RAIL 

The T411 bridge rail, also known as the Texas Classic Rail, is an aesthetic concrete rail 
with cast-in-place windows and pilasters. It has an overall height of 32 inches with 18-inch tall 
windows. The C411 bridge rail is a 42-inch tall version of the T411 rail that meets pedestrian 
code requirements and accommodates both vehicle and pedestrian traffic. The windows in the 
C411 bridge rail are 24 inches tall, thus making it the more critical of the two bridge rail systems. 
The taller 24-inch windows are more critical from a vehicle interaction and snagging standpoint, 
and the overall 42-inch rail height is more critical from an occupant interaction standpoint.  

 
The full MASH test matrix was successfully performed on the C411 bridge rail system. 

The full-scale crash tests included MASH test designations 2-10 (small passenger car) and 2-11 
(pickup truck). Therefore, both the C411 and the less critical T411 are considered MASH TL-2 
compliant. Continued implementation of these bridge rail systems can be achieved by the Bridge 
Division through revision of their respective standard sheets as necessary to reflect the details 
presented in Appendix C.1.  

14.4 TXDOT T1W BRIDGE RAIL 

The TxDOT T1W bridge rail is a variation of a rail initially developed by the Wyoming 
Department of Transportation (WYDOT). The bridge rail is a 32-inch tall rail that consists of 
two rectangular tubular steel rail elements attached to fabricated steel posts mounted on a 9-inch 
tall concrete curb.  

The full MASH TL-3 test matrix was successfully performed on the T1W rail system. The 
full-scale crash tests included MASH test designations 3-10 (small passenger car) and 3-11 
(pickup truck). Therefore, the T1W bridge rail is considered MASH TL-3 compliant. Continued 
implementation of this bridge rail system can be achieved by the Bridge Division through 
revision of their respective standard sheets as necessary to reflect the details presented in 
Appendix D.1. 
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14.5 ROUND WOOD POST W-BEAM GUARDRAIL 

Details of TxDOT W-beam guardrail or MBGF is provided on standard GF(31)-14. 
TxDOT uses a Midwest guardrail system (MGS) with 8-inch deep offset blocks between the 
posts and W-beam rail. The MGS system has a mounting height of 31 inches to the top of the W-
beam and rail splices located midspan between support posts. Three different post types can be 
used in the TxDOT W-beam guardrail system: a W6×8.5 steel post, a nominal 6-inch × 8-inch 
rectangular wood post, and a round wood post with a minimum 7-inch diameter.  

The steel and rectangular wood post variations of the MGS have been successfully tested 
to MASH criteria in a variety of configurations (4, 5, 6). The primary consideration for the 
evaluation of the W-beam guardrail with round wood posts is structural adequacy. The 
rectangular wood post that has been successfully tested has a greater section modulus than the 
nominal 7-inch diameter round wood post used by TxDOT. Thus, MASH Test 3-11 with the 
pickup truck was considered the critical test.  

Due to override of the installation and subsequent rollover of the 2270P vehicle, the W-
beam guardrail with round wood posts did not perform acceptably for MASH Test 3-11. Thus, 
the current TxDOT W-beam guardrail with round wood post does not meet MASH criteria. 
Further research is required to develop a modification to this system that will comply with 
MASH requirements. Options for future consideration include decreasing the post embedment 
depth and/or increasing the size (diameter) of the post to delay post fracture and permit more 
energy of the vehicle to be dissipated through post deflection.  

14.6 TXDOT 42-INCH SINGLE SLOPE CONCRETE MEDIAN BARRIER WITH 
LIGHT POLE 

Light poles are sometimes attached to concrete median barrier to provide desired 
roadway illumination. TxDOT has a standard detail sheet for this practice for both a 32-inch 
concrete F-shape median barrier (CSB(4)-10) and a 42-inch single slope median barrier 
(SSCB(4)-10). 

The 32-inch F-shape barrier does not meet the minimum 36-inch height requirement for a 
MASH TL-4 barrier; therefore, it would only be suitable to test this system to MASH TL-3. The 
42-inch single slope barrier accommodates MASH TL-4 when proper anchorage or lateral 
support is provided to the barrier.  

MASH Test 4-12 on a 42-inch single slope concrete median barrier with light pole was 
considered more critical configuration for evaluating the structural adequacy of the median 
barrier mounted light pole. It is desirable for the tall light pole to maintain structural integrity and 
not collapse, bend, or otherwise release from the barrier and fall across oncoming traffic. MASH 
Tests 4-11 and 4-10 were not considered necessary because the single slope profile is considered 
a crashworthy shape and the test vehicles should not engage the barrier-mounted light pole on 
the 42-inch tall barrier. 

The TxDOT 42-inch single slope concrete median barrier with light pole performed 
acceptably for MASH Test 4-12. Therefore, the TxDOT 42-inch single slope concrete median 
barrier with light pole is considered MASH TL-4 compliant. Continued implementation of light 
poles on the 42-inch single slope concrete median barrier can be achieved by the Design 
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Division and Traffic Operations Division through revision of their respective standard sheets as 
necessary to reflect the details presented in Appendix F.1. 

14.7 SKID-MOUNTED SINGLE-POST PERFORATED STEEL TUBE TEMPORARY 
SIGN SUPPORT 

The skid-mounted single perforated steel tube temporary sign support system is designed 
for use with a 9 sq. ft lightweight, extruded, hollow-core plastic sign substrate. Details can be 
found on TxDOT Barricade and Construction sheet BC(5)-14. The single support system was 
considered acceptable based on the original development and testing of a similar dual post 
system under NCHRP Report 350 at both 0° and 90°, which is a requirement of a free-standing 
work zone traffic control device (10).  

Although the small passenger car has changed under MASH, its performance in frontal 
impacts with large, skid-mounted, breakaway sign support systems is not expected to differ 
appreciably. Therefore, only test designation 3-72 with the 2270P pickup truck in both the 0° and 
90° impact orientations was considered necessary to assess MASH compliance.  

The skid-mounted single perforated steel tube temporary sign support system 
successfully met criteria for MASH Test 3-72 at 0° and 90°. Therefore, the skid-mounted single 
perforated steel tube temporary sign support system is considered MASH compliant when 
configured with a lightweight, hollow-core plastic sign substrate. Continued implementation of 
skid-mounted single perforated steel tube temporary sign support system can be achieved by the 
Traffic Operations Division through revision of their respective standard sheets as necessary to 
reflect the details presented in Figure 8.1. 

14.8 MAILBOXES 

The small passenger car is considered the critical design vehicle for evaluation of 
mailbox support systems based on the mounting height regulated for mailboxes by the United 
States Postal Service. At the required mounting height, any interaction between the mailbox and 
the windshield of the pickup truck design vehicle is improbable. The taller hood height and 
longer wrap-around distance (i.e., the distance from the ground, around the front end, and across 
the hood to the base of the windshield) of the 2270P pickup truck significantly decreases the 
probability of windshield impact and occupant compartment intrusion. Therefore, Test 3-62 with 
the pickup truck was considered unnecessary for the MASH evaluation of the TxDOT mailbox 
systems.  

The MASH test matrix for breakaway supports includes two tests with the 1100C small 
passenger car: a low-speed test at 19 mi/h (Test 3-60) and a high-speed test at 62 mi/h (Test 3-
61). In the low speed small car test, MASH testing has shown that the mailbox support assembly 
will be pushed forward by the impacting vehicle (12). Under the lower impact severity, it is 
unlikely that the mailbox will separate from the support or that the support assembly will interact 
with the vehicle windshield.  

The most critical test for evaluation of mailbox systems is MASH test designation 3-61. 
This test evaluates both the structural adequacy of the mailbox connection hardware and the 



 

TR No. 0-6946-R2 221 2019-03-27 

interaction of the mailbox support assembly with the vehicle windshield. If the mailbox remains 
attached during this high-speed test, it is not expected to detach in the low-speed test. 

Four different mailbox support systems were selected for MASH testing and evaluation 
during Phase II of the project. Separate tests were successfully performed for each system. These 
include: a single mailbox system on a recycled rubber post with Type 4 foundation, a double 
mailbox system on a thin-walled galvanized tube support with Type 4 foundation, a multiple 
mailbox system on semi-circular, thin-walled galvanized tube support with Type 4 foundation, 
and a two-piece molded plastic mailbox assembly attached to a nominal 4×4 wood support (Type 
5 foundation).  

Each of these systems are considered MASH compliant and suitable for continued 
implementation. Systems that were tested with a single mailbox should be implemented with a 
single mailbox only. Systems that were tested with a double mailbox are considered MASH 
compliant for both single and dual mailbox configurations.  

TxDOT standard MB-15(1) does not permit the use of large mailboxes on the outside 
positions of the multiple mailbox mount. Therefore, the multiple mailbox mount in Type 4 
foundation system was tested with two medium mailboxes in the outer mounting positions and 
two large mailboxes in the inner mounting positions. This is considered the most critical 
permissible configuration. Other less critical combinations of small and medium mailboxes are 
considered less critical and, therefore, MASH compliant based on the successful testing of the 
critical configuration. Implementation of the mailbox systems can be achieved by the 
Maintenance Division through updating of mailbox standard MB-15(1) (as necessary) to reflect 
the details presented in Chapter 9. 

14.9 SKID-MOUNTED DUAL WOOD POST TEMPORARY SIGN SUPPORT 
SYSTEM 

The skid-mounted dual wood post temporary sign support system uses dual 4-inch × 
4-inch posts and is designed for use with a maximum 21 sq. ft sign panel. Details can be found 
on TxDOT Barricade and Construction sheet BC(5)-14.  

The MASH test matrix for work zone traffic control devices includes a high-speed test 
with a passenger car (Test 3-71) and pickup truck (Test 3-72) at both 0° and 90° impact 
orientations. The skid-mounted dual wood post temporary sign support system was previously 
tested with a small passenger car at high speed under NCHRP Report 350 (13). Although the 
small passenger car design test vehicle has changed under MASH, its performance in frontal 
impacts with large skid-mounted sign support systems is not expected to differ appreciably.  

A pickup truck test was performed on the skid-mounted dual wood post temporary sign 
support system with 5-ft mounting height at 0° under NCHRP Report 350 (14). TxDOT currently 
specifies a 7-ft mounting height, which is considered less critical for the pickup truck impact. 
Although the pickup truck design test vehicle has changed under MASH, review of the previous 
pickup truck test at the lower mounting height indicates that the impact performance of the skid-
mounted dual wood post temporary sign support system at 7-ft mounting height with the MASH 
2270P pickup truck at 0° should be acceptable. Therefore, only MASH Test 3-72 at 90° was 
considered necessary to assess MASH compliance.  



 

TR No. 0-6946-R2 222 2019-03-27 

The skid-mounted dual wood post temporary sign support system successfully met 
criteria for MASH Test 3-72 at 90°. Therefore, the skid-mounted dual wood post temporary sign 
support system is considered MASH compliant. Continued implementation of skid-mounted 
single perforated steel tube temporary sign support system can be achieved by the Traffic 
Operations Division through revision of their respective standard sheets as necessary to reflect 
the details presented in Figure 10.1. 

14.10 MBGF WITH STEEL POSTS IN ROCKY TERRAIN 

Guidance for installing the TxDOT MBGF in rocky terrain is found in general note 9 on 
metal beam guard fence standard GF(31)-14. The guidance varies depending on the depth at 
which rock is encountered. The most critical condition is when rock is encountered at or near the 
ground surface. When this occurs, the recommendation is to drill a 22-inch diameter hole (or two 
overlapping 12-inch diameter holes) to a depth of 24 inches into the rock. Any excess post length 
is cut, and the hole is backfilled with a cohesionless material.  

The configuration evaluated incorporated W6×8.5 steel posts in the rocky terrain. The 
rocky terrain was simulated using an at-grade, cast-in-place, concrete foundation beam with 
precast voids. The full MASH TL-3 test matrix for longitudinal barriers was successfully 
performed on the MBGF with W6×8.5 steel posts in the rocky terrain. The full-scale crash tests 
included MASH test designations 3-10 (small passenger car) and 3-11 (pickup truck). Therefore, 
the MBGF with W6×8.5 steel posts in the rocky terrain is considered MASH TL-3 compliant.  

14.11 MBGF WITH ROUND WOOD POSTS IN ROCKY TERRAIN 

The MBGF with W6×8.5 steel posts in the rocky terrain was successfully tested as 
described in Chapter 11 and summarized above. MASH Test 3-11 of the TxDOT MBGF with 
round wood posts was unsuccessful as detailed in Chapter 6 of this report. In this test, several of 
the wood posts fractured and the vehicle overrode the guardrail installation. Based on this result, 
it was recommended that the guardrail in rocky terrain be further evaluated with round wood 
posts.  

The primary consideration for the evaluation of the W-beam guardrail with round wood 
posts is structural adequacy. Therefore, MASH Test 3-11 with the pickup truck was considered 
the critical test. The impact performance with the passenger car should be acceptable based on 
the reduced snagging severity associated with the geometry of the round post compared to the 
steel post that was successfully tested.  

The MBGF with round wood posts in the rocky terrain did not perform acceptably for 
MASH Test 3-11 due to rupture of the rail element and subsequent roll over of the vehicle. Thus, 
the current TxDOT MBGF with round wood posts in the rocky terrain does not meet MASH 
criteria. Further research is required to develop a modification to this system that will comply 
with MASH requirements.  

Several of the round wood posts that fractured during the impact did so against the side of 
the oval-shaped void. A larger diameter hole would permit more longitudinal movement of the 
post prior to contact with the rock, and that additional movement could reduce the probability of 
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post fracture. Reducing the number of fractured posts would help reduce rail pocketing and 
decrease the probability of rail rupture.  

The current standard allows two types of treatment when rock is encountered: an oval 
void (constructed from two overlapping 12-inch diameter holes), and a single, larger 22-inch 
diameter hole. Initial inquiries with local contractors indicated that coring a single larger 
diameter hole is more cost effective than drilling two overlapping smaller diameter holes to 
create an oval-shaped void. Thus, if this modification is pursued in future research, it appears it 
would not adversely affect the cost of installing guardrail in rocky terrain. In fact, a single, larger 
diameter hole would apparently be the preferred option of contractors.  
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A.3 MASH TEST 4-10 (CRASH TEST NO. 469468-1-1) 

A.3.1 Vehicle Properties and Information 

Table A.1. Vehicle Properties for Test No. 469468-1-1. 
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Table A.2. Exterior Crush Measurements of Vehicle for Test No. 469468-1-1. 
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Table A.3. Occupant Compartment Measurements of Vehicle for Test No. 469468-1-1. 
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A.3.2 Sequential Photographs 

 0.000 s  
   

 0.050 s  
   

 0.100 s  
   

 0.150 s  
   

Figure A.1. Sequential Photographs for Test No. 469468-1-1 (Overhead and Frontal Views). 
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 0.200 s  
   

 0.250 s  
   

 0.300 s  
   

 0.350 s  
   

Figure A.1. Sequential Photographs for Test No. 469468-1-1 (Overhead and Frontal Views) 
(Continued). 
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0.000 s  0.200 s 

   
0.050 s  0.250 s 

   
0.100 s  0.300 s 

   
0.150 s  0.350 s 

Figure A.2. Sequential Photographs for Test No. 469468-1-1 (Rear View). 

 



TR
 N

o. 0-6946-R
2  

A
-40 

2019-03-26 
 

 

Roll, Pitch, and Yaw Angles

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0-20

-10

0

10

20

30

40

50

Time (s)

A
ng

le
s 

(d
eg

re
es

)

Roll Pitch Yaw

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.3. Vehicle Angular Displacements for Test No. 469468-1-1. 
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Test Number: 469468-1-1 
Test Standard Test Number: MASH Test 4-10 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2425 lb 
Gross Mass: 2590 lb 
Impact Speed: 62.6 mi/h 
Impact Angle: 25.0° 
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Figure A.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-1-1  
(Accelerometer Located at Center of Gravity). 
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V
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ccelerations 

Test Number: 469468-1-1 
Test Standard Test Number: MASH Test 4-10 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2425 lb 
Gross Mass: 2590 lb 
Impact Speed: 62.6 mi/h 
Impact Angle: 25.0° 
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Figure A.5. Vehicle Lateral Accelerometer Trace for Test No. 469468-1-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-1-1 
Test Standard Test Number: MASH Test 4-10 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2425 lb 
Gross Mass: 2590 lb 
Impact Speed: 62.6 mi/h 
Impact Angle: 25.0° 
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Figure A.6. Vehicle Vertical Accelerometer Trace for Test No. 469468-1-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-1-1 
Test Standard Test Number: MASH Test 4-10 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2425 lb 
Gross Mass: 2590 lb 
Impact Speed: 62.6 mi/h 
Impact Angle: 25.0° 
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Figure A.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-1-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-1-1 
Test Standard Test Number: MASH Test 4-10 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2425 lb 
Gross Mass: 2590 lb 
Impact Speed: 62.6 mi/h 
Impact Angle: 25.0° 
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Figure A.8. Vehicle Lateral Accelerometer Trace for Test No. 469468-1-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-1-1 
Test Standard Test Number: MASH Test 4-10 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2425 lb 
Gross Mass: 2590 lb 
Impact Speed: 62.6 mi/h 
Impact Angle: 25.0° 
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Figure A.9. Vehicle Vertical Accelerometer Trace for Test No. 469468-1-1  
(Accelerometer Located Rear of Center of Gravity). 

Test Number: 469468-1-1 
Test Standard Test Number: MASH Test 4-10 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2425 lb 
Gross Mass: 2590 lb 
Impact Speed: 62.6 mi/h 
Impact Angle: 25.0° 
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A.4 MASH TEST 4-11 (CRASH TEST NO. 469468-1-2) 

A.4.1 Vehicle Properties and Information 

Table A.4. Vehicle Properties for Test No. 469468-1-2. 
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Table A.5. Measurements of Vehicle Vertical CG for Test No. 469468-1-2. 
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Table A.6. Exterior Crush Measurements of Vehicle for Test No. 469468-1-2. 
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Table A.7. Occupant Compartment Measurements of Vehicle for Test No. 469468-1-2. 
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A.4.2 Sequential Photographs 

 0.000 s  
   

 0.050 s  
   

 0.100 s  
   

 0.150 s  
   

Figure A.10. Sequential Photographs for Test No. 469468-1-2 (Overhead and Frontal Views). 
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 0.200 s  
   

 0.250 s  
   

 0.300 s  
   

 0.350 s  
   

Figure A.10. Sequential Photographs for Test No. 469468-1-2 (Overhead and Frontal Views) 
(Continued). 
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0.000 s  0.200 s 

   
0.050 s  0.250 s 

   
0.100 s  0.300 s 

   
0.150 s  0.350 s 

Figure A.11. Sequential Photographs for Test No. 469468-1-2 (Rear View). 
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Figure A.12. Vehicle Angular Displacements for Test No. 469468-1-2. 
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3. Roll. 

Test Number: 469468-1-2 
Test Standard Test Number: MASH Test 4-11 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 Dodge RAM 1500 
Inertial Mass: 4999 lb 
Gross Mass: 5164 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 25.3° 
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Figure A.13. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-1-2  
(Accelerometer Located at Center of Gravity). 
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Test Standard Test Number: MASH Test 4-11 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 Dodge RAM 1500 
Inertial Mass: 4999 lb 
Gross Mass: 5164 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 25.3° 
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Figure A.14. Vehicle Lateral Accelerometer Trace for Test No. 469468-1-2  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-1-2 
Test Standard Test Number: MASH Test 4-11 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 Dodge RAM 1500 
Inertial Mass: 4999 lb 
Gross Mass: 5164 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 25.3° 
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Figure A.15. Vehicle Vertical Accelerometer Trace for Test No. 469468-1-2  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-1-2 
Test Standard Test Number: MASH Test 4-11 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 Dodge RAM 1500 
Inertial Mass: 4999 lb 
Gross Mass: 5164 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 25.3° 
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Figure A.16. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-1-2  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-1-2 
Test Standard Test Number: MASH Test 4-11 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 Dodge RAM 1500 
Inertial Mass: 4999 lb 
Gross Mass: 5164 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 25.3° 
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Figure A.17. Vehicle Lateral Accelerometer Trace for Test No. 469468-1-2  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-1-2 
Test Standard Test Number: MASH Test 4-11 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 Dodge RAM 1500 
Inertial Mass: 4999 lb 
Gross Mass: 5164 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 25.3° 
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Figure A.18. Vehicle Vertical Accelerometer Trace for Test No. 469468-1-2  
(Accelerometer Located Rear of Center of Gravity). 

Test Number: 469468-1-2 
Test Standard Test Number: MASH Test 4-11 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 Dodge RAM 1500 
Inertial Mass: 4999 lb 
Gross Mass: 5164 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 25.3° 
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A.5 MASH TEST 4-12 (CRASH TEST NO. 469468-1-3) 

A.5.1 Vehicle Properties and Information 

Table A.8. Vehicle Properties for Test No. 469468-1-3. 
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Table A.8. Vehicle Properties for Test No. 469468-1-3 (Continued). 
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A.5.2 Sequential Photographs 

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure A.19. Sequential Photographs for Test No. 469468-1-3 (Overhead and Frontal Views). 
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 0.400 s  
   

 0.600 s  
   

 1.000 s  
   

 1.400 s  
   

Figure A.19. Sequential Photographs for Test No. 469468-1-3 (Overhead and [View] Views) 
(Continued). 
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0.000 s  0.400 s 

   
0.100 s  0.600 s 

   
0.200 s  1.000 s 

   
0.300 s  1.200 s 

Figure A.20. Sequential Photographs for Test No. 469468-1-3 (Rear View). 
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Figure A.21. Vehicle Angular Displacements for Test No. 469468-1-3. 
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Test Number: 469468-1-3 
Test Standard Test Number: MASH Test 4-12 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 International 4300 SUT 
Inertial Mass: 22,060 lb 
Gross Mass: 22,060 lb 
Impact Speed: 56.9 mi/h 
Impact Angle: 15.0° 
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Figure A.22. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-1-3  
(Accelerometer Located at Center of Gravity). 

 

A
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V
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ccelerations Test Number: 469468-1-3 
Test Standard Test Number: MASH Test 4-12 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 International 4300 SUT 
Inertial Mass: 22,060 lb 
Gross Mass: 22,060 lb 
Impact Speed: 56.9 mi/h 
Impact Angle: 15.0° 
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Figure A.23. Vehicle Lateral Accelerometer Trace for Test No. 469468-1-3  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-1-3 
Test Standard Test Number: MASH Test 4-12 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 International 4300 SUT 
Inertial Mass: 22,060 lb 
Gross Mass: 22,060 lb 
Impact Speed: 56.9 mi/h 
Impact Angle: 15.0° 
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Figure A.24. Vehicle Vertical Accelerometer Trace for Test No. 469468-1-3  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-1-3 
Test Standard Test Number: MASH Test 4-12 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 International 4300 SUT 
Inertial Mass: 22,060 lb 
Gross Mass: 22,060 lb 
Impact Speed: 56.9 mi/h 
Impact Angle: 15.0° 



TR
 N

o. 0-6946-R
2  

A
-70 

2019-03-26 
 

 

X Acceleration Rear of CG

0 0.5 1.0 1.5 2.0-8

-6

-4

-2

0

2

4

6

Time (s)

Lo
ng

itu
di

na
l A

cc
el

er
at

io
n 

(g
)

SAE Class 60 Filter 50-msec average

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.25. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-1-3  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-1-3 
Test Standard Test Number: MASH Test 4-12 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 International 4300 SUT 
Inertial Mass: 22,060 lb 
Gross Mass: 22,060 lb 
Impact Speed: 56.9 mi/h 
Impact Angle: 15.0° 
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Figure A.26. Vehicle Lateral Accelerometer Trace for Test No. 469468-1-3  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-1-3 
Test Standard Test Number: MASH Test 4-12 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 International 4300 SUT 
Inertial Mass: 22,060 lb 
Gross Mass: 22,060 lb 
Impact Speed: 56.9 mi/h 
Impact Angle: 15.0° 
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Figure A.27. Vehicle Vertical Accelerometer Trace for Test No. 469468-1-3  
(Accelerometer Located Rear of Center of Gravity). 

Test Number: 469468-1-3 
Test Standard Test Number: MASH Test 4-12 
Test Article: TxDOT C402 Bridge Rail 
Test Vehicle: 2012 International 4300 SUT 
Inertial Mass: 22,060 lb 
Gross Mass: 22,060 lb 
Impact Speed: 56.9 mi/h 
Impact Angle: 15.0° 
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B.3 VEHICLE PROPERTIES AND INFORMATION 

Table B.1. Vehicle Properties for Test No. 469468-2-1. 
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20.0 inches 

-18 inches 

122 inches 

690 inches 

0 inches 

Table B2. Accelerometer Locations. 
 
Date: 2018-06-15 Test No.: 469468-2-1 VIN No.: 1FUJA6CK77LX75964 
TRACTOR 

Year: 2007 Make: Freightliner Model: CL 120 
TRAILER 

Year: 2003 Make: Utility Model: 53-ft 
 
 

Height above ground: 
A: 33 inches 
B: 37 inches 
C: 50 inches 
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B.4 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure B.1. Sequential Photographs for Test No. 469468-2-1 (Overhead and Frontal Views). 
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 0.400 s  
   

 0.500 s  
   

 0.750 s  
   

 1.000 s  
   

Figure B.1. Sequential Photographs for Test No. 469468-2-1 (Overhead and Frontal Views) 
(Continued). 
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0.000 s  0.100 s 

   
0.200 s  0.300 s 

   
0.400 s  0.500 s 

   
0.750 s  1.000 s 

Figure B.2. Sequential Photographs for Test No. 469468-2-1 (Rear View). 
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Figure B.3. Vehicle Angular Displacements for Test No. 469468-2-1. 

  

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

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

Test Number:  469468-2-1 
Test Standard Test Number:  MASH Test 5-12 
Test Article:  TxDOT C412 Bridge Rail 
Test Vehicle:  2007 Freightliner CL120  
 w/2003 Utility 53-ft trailer 
Inertial Mass:  80,300 lb 
Gross Mass:  80,300 lb 
Impact Speed:  50.8 mi/h 
Impact Angle:  15.0° 
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Figure B.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-2-1  
(Accelerometer Located at Center of Gravity). 
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Test Number:  469468-2-1 
Test Standard Test Number:  MASH Test 5-12 
Test Article:  TxDOT C412 Bridge Rail 
Test Vehicle:  2007 Freightliner CL120  
 w/2003 Utility 53-ft trailer 
Inertial Mass:  80,300 lb 
Gross Mass:  80,300 lb 
Impact Speed:  50.8 mi/h 
Impact Angle:  15.0° 
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Figure B.5. Vehicle Lateral Accelerometer Trace for Test No. 469468-2-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number:  469468-2-1 
Test Standard Test Number:  MASH Test 5-12 
Test Article:  TxDOT C412 Bridge Rail 
Test Vehicle:  2007 Freightliner CL120  
 w/2003 Utility 53-ft trailer 
Inertial Mass:  80,300 lb 
Gross Mass:  80,300 lb 
Impact Speed:  50.8 mi/h 
Impact Angle:  15.0° 
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Figure B.6. Vehicle Vertical Accelerometer Trace for Test No. 469468-2-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number:  469468-2-1 
Test Standard Test Number:  MASH Test 5-12 
Test Article:  TxDOT C412 Bridge Rail 
Test Vehicle:  2007 Freightliner CL120  
 w/2003 Utility 53-ft trailer 
Inertial Mass:  80,300 lb 
Gross Mass:  80,300 lb 
Impact Speed:  50.8 mi/h 
Impact Angle:  15.0° 
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Figure B.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-2-1  
(Accelerometer Located on Tractor). 

 

Test Number:  469468-2-1 
Test Standard Test Number:  MASH Test 5-12 
Test Article:  TxDOT C412 Bridge Rail 
Test Vehicle:  2007 Freightliner CL120  
 w/2003 Utility 53-ft trailer 
Inertial Mass:  80,300 lb 
Gross Mass:  80,300 lb 
Impact Speed:  50.8 mi/h 
Impact Angle:  15.0° 
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Figure B.8. Vehicle Lateral Accelerometer Trace for Test No. 469468-2-1  
(Accelerometer Located on Tractor). 

 

Test Number:  469468-2-1 
Test Standard Test Number:  MASH Test 5-12 
Test Article:  TxDOT C412 Bridge Rail 
Test Vehicle:  2007 Freightliner CL120  
 w/2003 Utility 53-ft trailer 
Inertial Mass:  80,300 lb 
Gross Mass:  80,300 lb 
Impact Speed:  50.8 mi/h 
Impact Angle:  15.0° 
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Figure B.9. Vehicle Vertical Accelerometer Trace for Test No. 469468-2-1  
(Accelerometer Located on Tractor). 

  

Test Number:  469468-2-1 
Test Standard Test Number:  MASH Test 5-12 
Test Article:  TxDOT C412 Bridge Rail 
Test Vehicle:  2007 Freightliner CL120  
 w/2003 Utility 53-ft trailer 
Inertial Mass:  80,300 lb 
Gross Mass:  80,300 lb 
Impact Speed:  50.8 mi/h 
Impact Angle:  15.0° 
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Figure B.10. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-2-1  
(Accelerometer Located at Rear of Trailer). 

 
 

Test Number:  469468-2-1 
Test Standard Test Number:  MASH Test 5-12 
Test Article:  TxDOT C412 Bridge Rail 
Test Vehicle:  2007 Freightliner CL120  
 w/2003 Utility 53-ft trailer 
Inertial Mass:  80,300 lb 
Gross Mass:  80,300 lb 
Impact Speed:  50.8 mi/h 
Impact Angle:  15.0° 
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Figure B.11. Vehicle Lateral Accelerometer Trace for Test No. 469468-2-1  
(Accelerometer Located at Rear of Trailer). 

 
 

Test Number:  469468-2-1 
Test Standard Test Number:  MASH Test 5-12 
Test Article:  TxDOT C412 Bridge Rail 
Test Vehicle:  2007 Freightliner CL120  
 w/2003 Utility 53-ft trailer 
Inertial Mass:  80,300 lb 
Gross Mass:  80,300 lb 
Impact Speed:  50.8 mi/h 
Impact Angle:  15.0° 
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Figure B.12. Vehicle Vertical Accelerometer Trace for Test No. 469468-2-1  
(Accelerometer Located at Rear of Trailer). 

Test Number:  469468-2-1 
Test Standard Test Number:  MASH Test 5-12 
Test Article:  TxDOT C412 Bridge Rail 
Test Vehicle:  2007 Freightliner CL120  
 w/2003 Utility 53-ft trailer 
Inertial Mass:  80,300 lb 
Gross Mass:  80,300 lb 
Impact Speed:  50.8 mi/h 
Impact Angle:  15.0° 
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C.2 SUPPORTING CERTIFICATION DOCUMENTS 
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C.3 MASH TEST 2-10 (CRASH TEST NO. 469468-3-1) 

C.3.1 Vehicle Properties and Information 

Table C.1. Vehicle Properties for Test No. 469468-3-1. 
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Table C.2. Exterior Crush Measurements of Vehicle for Test No. 469468-3-1. 
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Table C.3. Occupant Compartment Measurements of Vehicle for Test No. 469468-3-1. 
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C.3.2 Sequential Photographs 

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure C.1. Sequential Photographs for Test No. 469468-3-1 (Gut and Overhead Views). 
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 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

 0.700 s  
   

Figure C.1. Sequential Photographs for Test No. 469468-3-1 (Gut and Overhead Views) 
(Continued). 
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0.000 s  0.200 s 

   
0.300 s  0.400 s 

   
0.500 s  0.600 s 

   
0.700 s  0.800 s 

Figure C.2. Sequential Photographs for Test No. 469468-3-1 (Rear View). 
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Figure C.3. Vehicle Angular Displacements for Test No. 469468-3-1. 

  

Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

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

Test Number: 469468-3-1 
Test Standard Test Number: MASH Test 2-10 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 44.2 mi/h 
Impact Angle: 23.9° 
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Figure C.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-3-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-3-1 
Test Standard Test Number: MASH Test 2-10 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 44.2 mi/h 
Impact Angle: 23.9° 
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Figure C.5. Vehicle Lateral Accelerometer Trace for Test No. 469468-3-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-3-1 
Test Standard Test Number: MASH Test 2-10 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 44.2 mi/h 
Impact Angle: 23.9° 
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Figure C.6. Vehicle Vertical Accelerometer Trace for Test No. 469468-3-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-3-1 
Test Standard Test Number: MASH Test 2-10 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 44.2 mi/h 
Impact Angle: 23.9° 
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Figure C.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-3-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-3-1 
Test Standard Test Number: MASH Test 2-10 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 44.2 mi/h 
Impact Angle: 23.9° 
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Figure C.8. Vehicle Lateral Accelerometer Trace for Test No. 469468-3-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-3-1 
Test Standard Test Number: MASH Test 2-10 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 44.2 mi/h 
Impact Angle: 23.9° 



TR
 N

o. 0-6946-R
2  

C
-35 

2019-03-26 
 

 

Z Acceleration Rear of CG

0 0.5 1.0 1.5 2.0-30

-20

-10

0

10

20

Time (s)

Ve
rt

ic
al

 A
cc

el
er

at
io

n 
(g

)

SAE Class 60 Filter 50-msec average

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure C.9. Vehicle Vertical Accelerometer Trace for Test No. 469468-3-1  
(Accelerometer Located Rear of Center of Gravity).

Test Number: 469468-3-1 
Test Standard Test Number: MASH Test 2-10 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2010 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 44.2 mi/h 
Impact Angle: 23.9° 
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C.4  MASH TEST 2-11 (CRASH TEST NO. 469468-3-2) 

C.4.1 Vehicle Properties and Information 

Table C.4. Vehicle Properties for Test No. 469468-3-2. 
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Table C.5. Measurements of Vehicle Vertical CG for Test No. 469468-3-2. 
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Table C.6. Exterior Crush Measurements of Vehicle for Test No. 469468-3-2. 
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Table C.7. Occupant Compartment Measurements of Vehicle for Test No. 469468-3-2. 
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C.4.2 Sequential Photographs 

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure C.10. Sequential Photographs for Test No. 469468-3-2 (Gut and Overhead Views). 
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 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

 0.700 s  
   

Figure C.10. Sequential Photographs for Test No. 469468-3-2 (Gut and Overhead Views) 
(Continued). 
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0.000 s  0.100 s 

   
0.200 s  0.300s 

   
0.400 s  0.500 s 

   
0.600 s  0.700 s 

Figure C.11. Sequential Photographs for Test No. 469468-3-2 (Rear View). 
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Figure C.12. Vehicle Angular Displacements for Test No. 469468-3-2. 

  

C
.4.3 

V
ehicle A

ngular D
isplacem

ent 

Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

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

Test Number: 469468-3-2 
Test Standard Test Number: MASH Test 2-11 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5012 lb 
Gross Mass: 5177 lb 
Impact Speed: 45.0 mi/h 
Impact Angle: 24.4° 
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Figure C.13. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-3-2  
(Accelerometer Located at Center of Gravity). 

 

C
.4.4 

V
ehicle A

ccelerations 

Test Number: 469468-3-2 
Test Standard Test Number: MASH Test 2-11 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5012 lb 
Gross Mass: 5177 lb 
Impact Speed: 45.0 mi/h 
Impact Angle: 24.4° 
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Figure C.14. Vehicle Lateral Accelerometer Trace for Test No. 469468-3-2  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-3-2 
Test Standard Test Number: MASH Test 2-11 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5012 lb 
Gross Mass: 5177 lb 
Impact Speed: 45.0 mi/h 
Impact Angle: 24.4° 
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Figure C.15. Vehicle Vertical Accelerometer Trace for Test No. 469468-3-2  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-3-2 
Test Standard Test Number: MASH Test 2-11 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5012 lb 
Gross Mass: 5177 lb 
Impact Speed: 45.0 mi/h 
Impact Angle: 24.4° 
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Figure C.16. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-3-2  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-3-2 
Test Standard Test Number: MASH Test 2-11 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5012 lb 
Gross Mass: 5177 lb 
Impact Speed: 45.0 mi/h 
Impact Angle: 24.4° 
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Figure C.17. Vehicle Lateral Accelerometer Trace for Test No. 469468-3-2  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-3-2 
Test Standard Test Number: MASH Test 2-11 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5012 lb 
Gross Mass: 5177 lb 
Impact Speed: 45.0 mi/h 
Impact Angle: 24.4° 
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Figure C.18. Vehicle Vertical Accelerometer Trace for Test No. 469468-3-2  
(Accelerometer Located Rear of Center of Gravity).

Test Number: 469468-3-2 
Test Standard Test Number: MASH Test 2-11 
Test Article: TxDOT C411 Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5012 lb 
Gross Mass: 5177 lb 
Impact Speed: 45.0 mi/h 
Impact Angle: 24.4° 
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D.2 SUPPORTING CERTIFICATION DOCUMENTS 
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D.3 MASH TEST 3-10 (CRASH TEST NO. 469468-4-1) 

D.3.1 Vehicle Properties and Information 

Table D.1. Vehicle Properties for Test No. 469468-4-1. 
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Table D.2. Exterior Crush Measurements of Vehicle for Test No. 469468-4-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  × 
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Table D.3. Occupant Compartment Measurements of Vehicle for Test No. 469468-4-1. 
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D.3.2 Sequential Photographs 

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure D.1. Sequential Photographs for Test No. 469468-4-1 (Gut and Overhead Views). 
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 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

 0.700 s  
   

Figure D.1. Sequential Photographs for Test No. 469468-4-1 (Gut and Overhead Views) 
(Continued). 
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0.000 s  0.400 s 

   
0.100 s  0.500 s 

   
0.200 s  0.600 s 

   
0.300 s  0.700 s 

Figure D.2. Sequential Photographs for Test No. 469468-4-1 (Rear View). 
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Figure D.3. Vehicle Angular Displacements for Test No. 469468-3-1. 

  

Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

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

Test Number: 469468-4-1 
Test Standard Test Number: MASH Test 3-10 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2430 lb 
Gross Mass: 2595 lb 
Impact Speed: 61.9 mi/h 
Impact Angle: 24.8° 
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Figure D.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-4-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-4-1 
Test Standard Test Number: MASH Test 3-10 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2430 lb 
Gross Mass: 2595 lb 
Impact Speed: 61.9 mi/h 
Impact Angle: 24.8° 
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Figure D.5. Vehicle Lateral Accelerometer Trace for Test No. 469468-4-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-4-1 
Test Standard Test Number: MASH Test 3-10 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2430 lb 
Gross Mass: 2595 lb 
Impact Speed: 61.9 mi/h 
Impact Angle: 24.8° 
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Figure D.6. Vehicle Vertical Accelerometer Trace for Test No. 469468-4-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-4-1 
Test Standard Test Number: MASH Test 3-10 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2430 lb 
Gross Mass: 2595 lb 
Impact Speed: 61.9 mi/h 
Impact Angle: 24.8° 
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Figure D.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-4-1  
(Accelerometer Located Rear of Center of Gravity). 

 
 

Test Number: 469468-4-1 
Test Standard Test Number: MASH Test 3-10 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2430 lb 
Gross Mass: 2595 lb 
Impact Speed: 61.9 mi/h 
Impact Angle: 24.8° 
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Figure D.8. Vehicle Lateral Accelerometer Trace for Test No. 469468-4-1  
(Accelerometer Located Rear of Center of Gravity). 

 
 

Test Number: 469468-4-1 
Test Standard Test Number: MASH Test 3-10 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2430 lb 
Gross Mass: 2595 lb 
Impact Speed: 61.9 mi/h 
Impact Angle: 24.8° 
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Figure D.9. Vehicle Vertical Accelerometer Trace for Test No. 469468-4-1  
(Accelerometer Located Rear of Center of Gravity).

Test Number: 469468-4-1 
Test Standard Test Number: MASH Test 3-10 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2430 lb 
Gross Mass: 2595 lb 
Impact Speed: 61.9 mi/h 
Impact Angle: 24.8° 
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D.4  MASH TEST 3-11 (CRASH TEST NO. 469468-4-2) 

D.4.1 Vehicle Properties and Information 

Table D.4. Vehicle Properties for Test No. 469468-3-2. 
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Table D.5. Measurements of Vehicle Vertical CG for Test No. 469468-4-2. 
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Table D.6. Exterior Crush Measurements of Vehicle for Test No. 469468-4-2. 
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Table D.7. Occupant Compartment Measurements of Vehicle for Test No. 469468-4-2. 
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D.4.2 Sequential Photographs 

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure D.10. Sequential Photographs for Test No. 469468-4-2 (Gut and Overhead Views). 
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 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

 0.700 s  
   

Figure D.10. Sequential Photographs for Test No. 469468-4-2 (Gut and Overhead Views) 
(Continued). 
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0.000 s  0.400 s 

   
0.100 s  0.500 s 

   
0.200 s  0.600 s 

   
0.300 s  0.700 s 

Figure D.11. Sequential Photographs for Test No. 469468-4-2 (Rear View). 
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Figure D.12. Vehicle Angular Displacements for Test No. 469468-4-2. 
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orientation: 
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3. Roll. 

Test Number: 469468-4-2 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5002 lb 
Gross Mass: 5002 lb 
Impact Speed: 62.0 mi/h 
Impact Angle: 25.0° 
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Figure D.13. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-4-2  
(Accelerometer Located at Center of Gravity). 
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Test Number: 469468-4-2 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5002 lb 
Gross Mass: 5002 lb 
Impact Speed: 62.0 mi/h 
Impact Angle: 25.0° 
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Figure D.14. Vehicle Lateral Accelerometer Trace for Test No. 469468-4-2  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-4-2 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5002 lb 
Gross Mass: 5002 lb 
Impact Speed: 62.0 mi/h 
Impact Angle: 25.0° 
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Figure D.15. Vehicle Vertical Accelerometer Trace for Test No. 469468-4-2  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-4-2 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5002 lb 
Gross Mass: 5002 lb 
Impact Speed: 62.0 mi/h 
Impact Angle: 25.0° 
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Figure D.16. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-4-2  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-4-2 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5002 lb 
Gross Mass: 5002 lb 
Impact Speed: 62.0 mi/h 
Impact Angle: 25.0° 
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Figure D.17. Vehicle Lateral Accelerometer Trace for Test No. 469468-4-2  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-4-2 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5002 lb 
Gross Mass: 5002 lb 
Impact Speed: 62.0 mi/h 
Impact Angle: 25.0° 
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Figure D.18. Vehicle Vertical Accelerometer Trace for Test No. 469468-4-2  
(Accelerometer Located Rear of Center of Gravity). 

Test Number: 469468-4-2 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT T1W Bridge Rail 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5002 lb 
Gross Mass: 5002 lb 
Impact Speed: 62.0 mi/h 
Impact Angle: 25.0° 
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E.2 SUPPORTING CERTIFICATION DOCUMENTS 
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Table E.1. Summary of Strong Soil Test Results for Establishing Installation Procedure. 

 

 
 Dynamic 
 Setup 
 
 
 
 Post-Test  
 Photo of post 

 
Post-Test 
Photo 
 
 
 Static 
Load Test 
  

 

 
 

 
 Dynamic 
 Test  
 Installation 
 Details 

 

 
 
 
 
 
 
 
 
 Static Load 
 Test Installation 
 Details 

Date ................................................................................................................................. 2008-11-05 
Test Facility and Site Location .......................................................................................... TTI Proving Ground, 3100 SH 47, Bryan, TX 77807 
In Situ Soil Description (ASTM D2487 .............................................................................. Sandy gravel with silty fines 
Fill Material Description (ASTM D2487) and sieve analysis .............................................. AASHTO Grade B Soil-Aggregate (see sieve analysis above) 
Description of Fill Placement Procedure ........................................................................... 6-inch lifts tamped with a pneumatic compactor 
Bogie Weight .................................................................................................................... 5009 lb 
Impact Velocity ................................................................................................................. 20.5 mph 
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Table E.2. Test Day Static Soil Strength Documentation for Test No. 469468-5-1. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Static Load Setup 
  

 
 
 
 
 
 
 
 
 
 

Post-Test Photo of Post 
 

Date ......................................................................................  2017-11-27 
Test Facility and Site Location ..............................................  TTI Proving Ground – 3100 SH 47, Bryan, Tx 
In Situ Soil Description (ASTM D2487) .................................  Sandy gravel with silty fines 
Fill Material Description (ASTM D2487) and sieve analysis ..  AASHTO Grade B Soil-Aggregate (see sieve analysis) 
Description of Fill Placement Procedure ...............................  6-inch lifts tamped with a pneumatic compactor 
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E.4 VEHICLE PROPERTIES AND INFORMATION 

Table E.3. Vehicle Properties for Test No. 469468-5-1. 
 

Date: 2017-11-27 Test No.: 469468-5-1 VIN No.: 1C6RD6FT6CS235745 
 
Year: 2012 Make: Dodge Model: RAM 1500 
 
Tire Size: 265/70R17  Tire Inflation Pressure: 35 psi 
 
Tread Type: Highway  Odometer: 175993 
 
Note any damage to the vehicle prior to test:  None 

 
 

 

Geometry: inches 
A 78.50   F 40.00   K 20.00   P 3.00   U 27.25 
B 74.00   G 29.00   L 30.00   Q 30.50   V 30.00 
C 227.50   H 61.30   M 68.50   R 18.00   W 61.30 
D 44.00   I 11.75   N 68.00   S 12.75   X 77.50 
E 140.50   J 27.00   O 46.00   T 77.00     

Wheel Center  
Height Front 14.75 

Wheel Well  
Clearance (Front) 6.00 

Bottom Frame 
Height - Front 12.00 

Wheel Center  
Height Rear 14.75 

Wheel Well  
Clearance (Rear) 9.25 

Bottom Frame 
Height - Rear 25.50 

RANGE LIMIT: A=78 ±2 inches; C=237 ±13 inches; E=148 ±12 inches; F=39 ±3 inches; G = > 28 inches; H = 63 ±4 inches; O=43 ±4 inches; M+N/2=67 ±1.5 inches 

(Allowable Range for TIM and GSM = 5000 lb ±110 lb) 

Mass Distribution: 
 lb LF: 1394  RF: 1440  LR: 1117  RR: 1078  

  

• Denotes accelerometer location. 
  
NOTES: None 
  
  
Engine Type: V-8 
Engine CID: 5.7 liter 
 
Transmission Type: 
 x Auto or   Manual 
  FWD x RWD  4WD 
 
Optional Equipment: 
 None 
 
Dummy Data:  
 Type: None 
 Mass: NA 
 Seat Position: NA 

GVWR Ratings:  Mass: lb  Curb   Test Inertial   Gross Static 
Front 3700   Mfront  2878   2834   -- 
Back 3900   Mrear  2058   2195   -- 
Total 6700   MTotal  4936   5029   -- 
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Table E.4. Measurements of Vehicle Vertical CG for Test No. 469468-5-1. 
 
Date: 2017-11-27 Test No.: 469468-5-1 VIN: 1C6RD6FT6CS235745 
 
Year: 2012 Make: Dodge Model: RAM 1500 
 
Body Style: Quad Cab  Mileage: 175993 
 
Engine: 5.7 liter V-8  Transmission: Automatic 
 
Fuel Level: Empty  Ballast: 133 lb     (440 lb max) 
 
Tire Pressure: Front: 35 psi Rear: 35 psi Size: 265/70R17 

 
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches 

 43 ±4 inches allowed   
 

Front Overhang: 40.00 inches Rear Bumper Height: 30.00 inches 
 39 ±3 inches allowed    

 
Overall Length: 227.50 inches    

 237 ±13 inches allowed   
  

Measured Vehicle Weights:     (lb)

LF: 1450 RF: 1410 Front Axle: 2860

LR: 1073 RR: 1087 Rear Axle: 2160

Left: 2523 Right: 2497 Total: 5020
5000 ±110 lb allow ed

140.5 inches Track: F: 68.5 inches        R: 68  inches
148 ±12 inches allow ed Track = (F+R)/2 = 67 ±1.5 inches allow ed

Center of Gravity, SAE J874 Suspension Method

X: 60.45 inches Rear of Front Axle (63 ±4 inches allow ed)

Y: -0.18 inches Left - Right + of Vehicle Centerline

Z: 29 inches Above Ground (minumum 28.0 inches allow ed)

Wheel Base:



TR No. 0-6946-R2 E-25 2019-03-26 

Table E.5. Exterior Crush Measurements of Vehicle for Test No. 469468-5-1. 
 
Date: 2017-11-27 Test No.: 469468-5-1 VIN No.: 1C6RD6FT6CS235745 
 
Year: 2012 Make: Dodge Model: RAM 1500 

 
VEHICLE CRUSH MEASUREMENT SHEET1 

Complete When Applicable 
End Damage Side Damage 

Undeformed end width ________ 

Corner shift: A1 ________ 

A2 ________ 

End shift at frame (CDC) 

(check one) 

< 4 inches ________ 

≥ 4 inches ________ 

  Bowing: B1 _____ X1 _____ 

B2 _____ X2 _____ 

 

 Bowing constant 

2
21 XX +  = ______ 

 

 
Note: Measure C1 to C6 from Driver to Passenger Side in Front or Rear impacts – Rear to Front in Side Impacts. 

Specific 
Impact 
Number 

Plane* of 
C-Measurements 

Direct Damage 

Field 
L** 

C1 C2 C3 C4 C5 C6 ±D Width** 
(CDC) 

Max*** 
Crush 

1 Side plane at bumper ht 20 10 24 10 7 4 2 11 0 16 
            
            

            
 Measurements recorded           
 in inches            
            

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. 
 
**Measure 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). 
 
***Measure 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. 
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Table E.6. Occupant Compartment Measurements of Vehicle for Test No. 469468-5-1. 
 
Date: 2017-11-27 Test No.: 469468-5-1 VIN No.: 1C6RD6FT6CS235745 
 
Year: 2012 Make: Dodge Model: RAM 1500 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Lateral area across the cab from driver’s side  
kickpanel to passenger’s side kickpanel. 
 
 
  

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT 
  Before  After  Differ. 
  (inches) 

A1  65.00  65.00  0.00 
A2  62.50  62.50  0.00 
A3  65.50  65.50  0.00 
B1  45.00  45.00  0.00 
B2  38.00  36.00  -2.00 
B3  45.00  40.00  -5.00 
B4  39.50  35.00  -3.50 
B5  43.00  40.00  -3.00 
B6  39.50  36.00  -3.50 
C1  26.00  26.00  0.00 
C2  ----  ----  0.00 
C3  26.00  26.00  0.00 
D1  11.00  11.00  0.00 
D2  ----  ----  0.00 
D3  11.25  11.25  0.00 
E1  58.00  58.00  0.00 
E2  63.50  63.50  0.00 
E3  63.50  64.50  +1.50 
E4  63.50  64.50  +1.50 
F  59.00  59.00  0.00 
G  59.00  59.00  0.00 
H  37.50  37.50  0.00 
I  37.50  37.50  0.00 
J*  23.25  23.25  0.00 
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E.5 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure E.1. Sequential Photographs for Test No. 469468-5-1 (Overhead and Frontal Views). 
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 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

 0.700 s  
   

Figure E.1. Sequential Photographs for Test No. 469468-5-1 (Overhead and Frontal Views) 
(Continued). 
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0.000 s  0.400 s 

   
0.100 s  0.500 s 

   
0.200 s  0.600 s 

   
0.300 s  0.700 s 

Figure E.2. Sequential Photographs for Test No. 469468-5-1 (Rear View). 
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Figure E.3. Vehicle Angular Displacements for Test No. 469468-5-1. 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

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

Test Number: 469468-5-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5029 lb 
Gross Mass: 5029 lb 
Impact Speed: 64.2 mi/h 
Impact Angle: 25.6° 
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Figure E.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-5-1  
(Accelerometer Located at Center of Gravity). 
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Test Number: 469468-5-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5029 lb 
Gross Mass: 5029 lb 
Impact Speed: 64.2 mi/h 
Impact Angle: 25.6° 
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Figure E.5. Vehicle Lateral Accelerometer Trace for Test No. 469468-5-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-5-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5029 lb 
Gross Mass: 5029 lb 
Impact Speed: 64.2 mi/h 
Impact Angle: 25.6° 
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Figure E.6. Vehicle Vertical Accelerometer Trace for Test No. 469468-5-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-5-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5029 lb 
Gross Mass: 5029 lb 
Impact Speed: 64.2 mi/h 
Impact Angle: 25.6° 
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Figure E.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-5-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-5-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5029 lb 
Gross Mass: 5029 lb 
Impact Speed: 64.2 mi/h 
Impact Angle: 25.6° 
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Figure E.8. Vehicle Lateral Accelerometer Trace for Test No. 469468-5-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-5-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5029 lb 
Gross Mass: 5029 lb 
Impact Speed: 64.2 mi/h 
Impact Angle: 25.6° 
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Figure E.9. Vehicle Vertical Accelerometer Trace for Test No. 469468-5-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-5-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5029 lb 
Gross Mass: 5029 lb 
Impact Speed: 64.2 mi/h 
Impact Angle: 25.6° 
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F.3 VEHICLE PROPERTIES AND INFORMATION 

Table F.1. Vehicle Properties for Test No. 469468-6-1. 
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Table F.1. Vehicle Properties for Test No. 469468-6-1 (Continued). 
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F.4 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.050 s  
   

 0.100 s  
   

 0.200 s  
   

Figure F.1. Sequential Photographs for Test No. 469468-6-1 (Overhead and Gut Views). 



TR No. 0-6946-R2 F-15 2019-03-26 

 0.300 s  
   

 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

Figure F.1. Sequential Photographs for Test No. 469468-6-1 (Overhead and Gut Views) 
(Continued). 
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Figure F.2. Vehicle Angular Displacements for Test No. 469468-6-1. 

 

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

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

Test Number:  469468-6-1 
Test Standard Test Number: MASH 4-12   
Test Article:  TxDOT 42-inch Single Slope CMB  

with Light Pole 
Test Vehicle:  2013 International 4300 
Inertial Mass:  22,100 lb 
Gross Mass:  22,100 lb 
Impact Speed:  57.2 mi/h 
Impact Angle:  14.5°  
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Figure F.3. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-6-1  
(Accelerometer Located at Center of Gravity). 
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Test Number:  469468-6-1 
Test Standard Test Number: MASH 4-12   
Test Article:  TxDOT 42-inch Single Slope CMB  

with Light Pole 
Test Vehicle:  2013 International 4300 
Inertial Mass:  22,100 lb 
Gross Mass:  22,100 lb 
Impact Speed:  57.2 mi/h 
Impact Angle:  14.5°  
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Figure F.4. Vehicle Lateral Accelerometer Trace for Test No. 469468-6-1  
(Accelerometer Located at Center of Gravity). 
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Test Number:  469468-6-1 
Test Standard Test Number: MASH 4-12   
Test Article:  TxDOT 42-inch Single Slope CMB  

with Light Pole 
Test Vehicle:  2013 International 4300 
Inertial Mass:  22,100 lb 
Gross Mass:  22,100 lb 
Impact Speed:  57.2 mi/h 
Impact Angle:  14.5°  
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Figure F.5. Vehicle Vertical Accelerometer Trace for Test No. 469468-6-1  
(Accelerometer Located at Center of Gravity). 
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Test Number:  469468-6-1 
Test Standard Test Number: MASH 4-12   
Test Article:  TxDOT 42-inch Single Slope CMB  

with Light Pole 
Test Vehicle:  2013 International 4300 
Inertial Mass:  22,100 lb 
Gross Mass:  22,100 lb 
Impact Speed:  57.2 mi/h 
Impact Angle:  14.5°  
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Figure F.6. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-6-1  
(Accelerometer Located at Rear of Center of Gravity). 
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Test Number:  469468-6-1 
Test Standard Test Number: MASH 4-12   
Test Article:  TxDOT 42-inch Single Slope CMB  

with Light Pole 
Test Vehicle:  2013 International 4300 
Inertial Mass:  22,100 lb 
Gross Mass:  22,100 lb 
Impact Speed:  57.2 mi/h 
Impact Angle:  14.5°  
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Figure F.7. Vehicle Lateral Accelerometer Trace for Test No. 469468-6-1  
(Accelerometer Located Rear of Center of Gravity) 
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Test Number:  469468-6-1 
Test Standard Test Number: MASH 4-12   
Test Article:  TxDOT 42-inch Single Slope CMB  

with Light Pole 
Test Vehicle:  2013 International 4300 
Inertial Mass:  22,100 lb 
Gross Mass:  22,100 lb 
Impact Speed:  57.2 mi/h 
Impact Angle:  14.5°  
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Figure F.8. Vehicle Vertical Accelerometer Trace for Test No. 469468-6-1  
(Accelerometer Located Rear of Center of Gravity).  
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Test Number:  469468-6-1 
Test Standard Test Number: MASH 4-12   
Test Article:  TxDOT 42-inch Single Slope CMB  

with Light Pole 
Test Vehicle:  2013 International 4300 
Inertial Mass:  22,100 lb 
Gross Mass:  22,100 lb 
Impact Speed:  57.2 mi/h 
Impact Angle:  14.5°  
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APPENDIX G.  SKID-MOUNTED SINGLE PERFORATED STEEL TUBE 
SIGN SUPPORT SYSTEM 

G.1 MASH TEST 3-72 AT 0° (CRASH TEST NO. 469468-7-1) 

G.1.1 Vehicle Properties and Information 

Table D.1. Vehicle Properties for Test No. 469468-7-1. 
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Table G.2. Measurements of Vehicle Vertical CG for Test No. 469468-7-1. 
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Table G.3. Exterior Crush Measurements of Vehicle for Test No. 469468-7-1. 
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Table G.4. Occupant Compartment Measurements of Vehicle for Test No. 469468-7-1. 
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G.1.2 Sequential Photographs 

 0.000 s  
   

 0.025 s  
   

 0.050 s  
   

 0.075 s  
   

Figure G.1. Sequential Photographs for Test No. 469468-7-1 (Perpendicular and Oblique 
Views). 
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 0.100 s  
   

 0.150 s  
   

 0.200 s  
   

 0.250 s  
   

Figure G.1. Sequential Photographs for Test No. 469468-7-1 (Perpendicular and Oblique 
Views) (Continued). 
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G2.  MASH TEST 3-72 AT 90° (CRASH TEST NO. 469468-7-2) 

G.2.1 Vehicle Properties and Information 

Table G.5. Vehicle Properties for Test No. 469468-7-2. 
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Table G.6. Measurements of Vehicle Vertical CG for Test No. 469468-7-2. 
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Table G.7. Exterior Crush Measurements of Vehicle for Test No. 469468-7-2. 
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Table G.8. Occupant Compartment Measurements of Vehicle for Test No. 469468-7-2. 
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G.2.2 Sequential Photographs 

 0.000 s  
   

 0.025 s  
   

 0.050 s  
   

 0.075 s  
   

Figure G.2. Sequential Photographs for Test No. 469468-7-2 (Perpendicular and Oblique 
Views). 
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 0.100 s  
   

 0.150 s  
   

 0.200 s  
   

 0.250 s  
   

Figure G.2. Sequential Photographs for Test No. 469468-7-2 (Perpendicular and Oblique 
Views) (Continued). 
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H.1.2 Supporting Certification Documents 
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H.1.3 Vehicle Properties and Information 

Table H.1. Vehicle Properties for Test No. 469468-8-1. 
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Table H.2. Exterior Crush Measurements of Vehicle for Test No. 469468-8-1. 
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Table H.3. Occupant Compartment Measurements of Vehicle for Test No. 469468-8-1. 
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H.1.4 Sequential Photographs 

 0.000 s  
   

 0.025 s  
   

 0.050 s  
   

 0.075 s  
   

Figure H.1. Sequential Photographs for Test No. 469468-8-1 (Perpendicular and Oblique 
Views). 
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 0.100 s  
   

 0.125 s  
   

 0.150 s  
   

Figure H.1. Sequential Photographs for Test No. 469468-8-1 (Perpendicular and Oblique 
Views) (Continued). 
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Figure H.2. Vehicle Angular Displacements for Test No. 469468-8-1. 

  

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

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

Test Number:  469468-8-1 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Mailbox with Recycled Rubber Support  
 in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  63.8 mi/h 
Impact Angle:  0° 
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Figure H.3. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located at Center of Gravity). 
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Test Number:  469468-8-1 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Mailbox with Recycled Rubber Support  
 in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  63.8 mi/h 
Impact Angle:  0° 
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Figure H.4. Vehicle Lateral Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number:  469468-8-1 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Mailbox with Recycled Rubber Support  
 in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  63.8 mi/h 
Impact Angle:  0° 
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Figure H.5. Vehicle Vertical Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number:  469468-8-1 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Mailbox with Recycled Rubber Support  
 in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  63.8 mi/h 
Impact Angle:  0° 
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Figure H.6. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number:  469468-8-1 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Mailbox with Recycled Rubber Support  
 in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  63.8 mi/h 
Impact Angle:  0° 
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Figure H.7. Vehicle Lateral Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number:  469468-8-1 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Mailbox with Recycled Rubber Support  
 in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  63.8 mi/h 
Impact Angle:  0° 
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Figure H.8. Vehicle Vertical Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located Rear of Center of Gravity). 

Test Number:  469468-8-1 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Mailbox with Recycled Rubber Support  
 in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  63.8 mi/h 
Impact Angle:  0° 
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H.2.2 Vehicle Properties and Information 

Table H.4. Vehicle Properties for Test No. 469468-8-2. 
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Table H.5. Exterior Crush Measurements of Vehicle for Test No. 469468-8-2. 
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Table H.6. Occupant Compartment Measurements of Vehicle for Test No. 469468-8-2. 
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H.2.3 Sequential Photographs 

 0.000 s  
   

 0.025 s  
   

 0.050 s  
   

 0.075 s  
   

Figure H.9. Sequential Photographs for Test No. 469468-8-2 (Perpendicular and Oblique 
Views). 
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 0.100 s  
   

 0.150 s  
   

 0.200 s  
   

 0.250 s  
   

Figure H.9. Sequential Photographs for Test No. 469468-8-2 (Perpendicular and Oblique 
Views) (Continued). 
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Figure H.10. Vehicle Angular Displacements for Test No. 469468-8-2. 

  

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

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

Test Number:  469468-8-2 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Double Mailbox with Thin-Wall Galvanized 
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  63.3 mi/h 
Impact Angle:  0° 
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Figure H.11. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-8-2  
(Accelerometer Located at Center of Gravity). 
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Test Standard Test Number:  MASH Test 3-61 
Test Article:  Double Mailbox with Thin-Wall Galvanized 
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  63.3 mi/h 
Impact Angle:  0° 
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Figure H.12. Vehicle Lateral Accelerometer Trace for Test No. 469468-8-2  
(Accelerometer Located at Center of Gravity). 

 

Test Number:  469468-8-2 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Double Mailbox with Thin-Wall Galvanized 
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  63.3 mi/h 
Impact Angle:  0° 
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Figure H.13. Vehicle Vertical Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number:  469468-8-2 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Double Mailbox with Thin-Wall Galvanized 
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  63.3 mi/h 
Impact Angle:  0° 
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Figure H.14. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number:  469468-8-2 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Double Mailbox with Thin-Wall Galvanized 
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  63.3 mi/h 
Impact Angle:  0° 



TR
 N

o. 0-6946-R
2  

H
-36 

2019-03-26 
 

 

Y Acceleration Rear of CG

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0-5

-4

-3

-2

-1

0

1

2

3

4

5

Time (s)

La
te

ra
l A

cc
el

er
at

io
n 

(g
)

SAE Class 60 Filter 50-msec average

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure H.15. Vehicle Lateral Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number:  469468-8-2 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Double Mailbox with Thin-Wall Galvanized 
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  63.3 mi/h 
Impact Angle:  0° 
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Figure H.16. Vehicle Vertical Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located Rear of Center of Gravity). 

Test Number:  469468-8-2 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Double Mailbox with Thin-Wall Galvanized 
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  63.3 mi/h 
Impact Angle:  0° 
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H.3.2 Vehicle Properties and Information 

Table H.7. Vehicle Properties for Test No. 469468-8-3. 

  



TR No. 0-6946-R2 H-44 2019-03-26 

Table H.8. Exterior Crush Measurements of Vehicle for Test No. 469468-8-3. 
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Table H.9. Occupant Compartment Measurements of Vehicle for Test No. 469468-8-1. 
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H.3.3 Sequential Photographs 

 0.000 s  
   

 0.025 s  
   

 0.050 s  
   

 0.075 s  
   

Figure H.17. Sequential Photographs for Test No. 469468-8-3 (Perpendicular and Oblique 
Views). 
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 0.100 s  
   

 0.150 s  
   

 0.200 s  
   

 0.250 s  
   

Figure H.17. Sequential Photographs for Test No. 469468-8-3 (Perpendicular and Oblique 
Views) (Continued). 
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Figure H.18. Vehicle Angular Displacements for Test No. 469468-8-3. 

  

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

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

Test Number:  469468-8-3 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Multiple Mailbox with Shurtite Multi-Hanger  
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  65.7 mi/h 
Impact Angle:  0° 
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Figure H.19. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-8-3  
(Accelerometer Located at Center of Gravity). 

 

H
.3.5 

V
ehicle A

ccelerations 

Test Number:  469468-8-3 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Multiple Mailbox with Shurtite Multi-Hanger  
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  65.7 mi/h 
Impact Angle:  0° 
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Figure H.20. Vehicle Lateral Accelerometer Trace for Test No. 469468-8-3  
(Accelerometer Located at Center of Gravity). 

 

Test Number:  469468-8-3 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Multiple Mailbox with Shurtite Multi-Hanger  
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  65.7 mi/h 
Impact Angle:  0° 
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Figure H.21. Vehicle Vertical Accelerometer Trace for Test No. 469468-8-3  
(Accelerometer Located at Center of Gravity). 

 

Test Number:  469468-8-3 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Multiple Mailbox with Shurtite Multi-Hanger  
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  65.7 mi/h 
Impact Angle:  0° 
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Figure H.22. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-8-3  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number:  469468-8-3 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Multiple Mailbox with Shurtite Multi-Hanger  
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  65.7 mi/h 
Impact Angle:  0° 
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Figure H.23. Vehicle Lateral Accelerometer Trace for Test No. 469468-8-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number:  469468-8-3 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Multiple Mailbox with Shurtite Multi-Hanger  
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  65.7 mi/h 
Impact Angle:  0° 
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Figure H.24. Vehicle Vertical Accelerometer Trace for Test No. 469468-8-3  
(Accelerometer Located Rear of Center of Gravity). 

Test Number:  469468-8-3 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Multiple Mailbox with Shurtite Multi-Hanger  
 Support in Type 4 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2440 lb 
Gross Mass:  2605 lb 
Impact Speed:  65.7 mi/h 
Impact Angle:  0° 
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H.4 MASH TEST 3-61 ON SINGLE MOLDED PLASTIC MAILMASTER® MAILBOX 
WITH WOOD SUPPORT IN TYPE 5 FOUNDATION 

H.4.1 Test Article Details 
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H.4.2 Vehicle Properties and Information 

Table H.10. Vehicle Properties for Test No. 469468-8-4. 
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Table H.11. Exterior Crush Measurements of Vehicle for Test No. 469468-8-4. 
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Table H.12. Occupant Compartment Measurements of Vehicle  
for Test No. 469468-8-4. 
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H.4.3 Sequential Photographs 

 0.000 s  
   

 0.025 s  
   

 0.050 s  
   

 0.075 s  
   

Figure H.25. Sequential Photographs for Test No. 469468-8-4 (Perpendicular and Oblique 
Views). 
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 0.100 s  
   

 0.125 s  
   

 0.150 s  
   

 0.175 s  
   

Figure H.25. Sequential Photographs for Test No. 469468-8-4 (Perpendicular and Oblique 
Views) (Continued). 
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Figure H.26. Vehicle Angular Displacements for Test No. 469468-8-4.  

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

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

Test Number:  469468-8-4 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Molded Plastic Mailmaster Mailbox with  
 Wood Support in Type 5 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 
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Figure H.27. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-8-4  
(Accelerometer Located at Center of Gravity). 

 

H
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V
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ccelerations Test Number:  469468-8-4 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Molded Plastic Mailmaster Mailbox with  
 Wood Support in Type 5 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 
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Figure H.28. Vehicle Lateral Accelerometer Trace for Test No. 469468-8-4  
(Accelerometer Located at Center of Gravity). 

 

Test Number:  469468-8-4 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Molded Plastic Mailmaster Mailbox with  
 Wood Support in Type 5 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 
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Figure H.29. Vehicle Vertical Accelerometer Trace for Test No. 469468-8-4  
(Accelerometer Located at Center of Gravity). 

 

Test Number:  469468-8-4 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Molded Plastic Mailmaster Mailbox with  
 Wood Support in Type 5 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 



TR
 N

o. 0-6946-R
2  

H
-65 

2019-03-26 
 

 

X Acceleration Rear of CG

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0-10

-5

0

5

10

Time (s)

Lo
ng

itu
di

na
l A

cc
el

er
at

io
n 

(g
)

SAE Class 60 Filter 50-msec average

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure H.30. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-8-4  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number:  469468-8-4 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Molded Plastic Mailmaster Mailbox with  
 Wood Support in Type 5 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 
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Figure H.31. Vehicle Lateral Accelerometer Trace for Test No. 469468-8-4  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number:  469468-8-4 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Molded Plastic Mailmaster Mailbox with  
 Wood Support in Type 5 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 
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Figure H.32. Vehicle Vertical Accelerometer Trace for Test No. 469468-8-4  
(Accelerometer Located Rear of Center of Gravity). 

Test Number:  469468-8-4 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Single Molded Plastic Mailmaster Mailbox with  
 Wood Support in Type 5 Foundation 
Test Vehicle:  2011 Kia Rio 
Inertial Mass:  2433 lb 
Gross Mass:  2598 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 
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APPENDIX I.  SKID-MOUNTED DUAL WOOD POST TEMPORARY 
SIGN SUPPORT SYSTEM 

I.1 VEHICLE PROPERTIES AND INFORMATION 

Table I.1. Vehicle Properties for Test No. 469468-9-1. 
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Table I.2. Measurements of Vehicle Vertical CG for Test No. 469468-9-1. 
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Table I.3. Exterior Crush Measurements of Vehicle for Test No. 469468-9-1. 
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Table I.4. Occupant Compartment Measurements of Vehicle for Test No. 469468-9-1. 
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I.2 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.025 s  
   

 0.050 s  
   

 0.075 s  
   

Figure I.1. Sequential Photographs for Test No. 469468-9-1 (Perpendicular and Oblique 
Views). 
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 0.100 s  
   

 0.150 s  
   

 0.200 s  
   

 0.250 s  
   

Figure I.1. Sequential Photographs for Test No. 469468-9-1 (Perpendicular and Oblique 
Views) (Continued). 
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Table J.1. Summary of Strong Soil Test Results for Establishing Installation Procedure. 

 

 
 Dynamic 
 Setup 
 
 
 
 Post-Test  
 Photo of post 

 
Post-Test 
Photo 
 
 
 Static 
Load Test 
  

 

 
 

 
 Dynamic 
 Test  
 Installation 
 Details 

 

 
 
 
 
 
 
 
 
 Static Load 
 Test Installation 
 Details 

Date ................................................................................................................................. 2008-11-05 
Test Facility and Site Location .......................................................................................... TTI Proving Ground, 3100 SH 47, Bryan, TX 77807 
In Situ Soil Description (ASTM D2487 .............................................................................. Sandy gravel with silty fines 
Fill Material Description (ASTM D2487) and sieve analysis .............................................. AASHTO Grade B Soil-Aggregate (see sieve analysis above) 
Description of Fill Placement Procedure ........................................................................... 6-inch lifts tamped with a pneumatic compactor 
Bogie Weight .................................................................................................................... 5009 lb 
Impact Velocity ................................................................................................................. 20.5 mph 
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Table J.2. Test Day Static Soil Strength Documentation for Test No. 469468-10-2. 
  

 
 
 
 
 
 
 
 
 
 
 

Static Load Setup 
  

 
 
 
 
 
 
 
 
 
 

Post-Test Photo of Post 
 

Date ......................................................................................  2018-04-26 
Test Facility and Site Location ..............................................  TTI Proving Ground – 3100 SH 47, Bryan, Tx 
In Situ Soil Description (ASTM D2487) .................................  Sandy gravel with silty fines 
Fill Material Description (ASTM D2487) and sieve analysis ..  AASHTO Grade B Soil-Aggregate (see sieve analysis) 
Description of Fill Placement Procedure ...............................  6-inch lifts tamped with a pneumatic compactor 
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Table J.3. Test Day Static Soil Strength Documentation for Test No. 469468-10-1. 
  

 
 
 
 
 
 
 
 
 
 
 

Static Load Setup 
  

 
 
 
 
 
 
 
 
 
 

Post-Test Photo of Post 
 

Date ......................................................................................  2018-03-27 
Test Facility and Site Location ..............................................  TTI Proving Ground – 3100 SH 47, Bryan, Tx 
In Situ Soil Description (ASTM D2487) .................................  Sandy gravel with silty fines 
Fill Material Description (ASTM D2487) and sieve analysis ..  AASHTO Grade B Soil-Aggregate (see sieve analysis) 
Description of Fill Placement Procedure ...............................  6-inch lifts tamped with a pneumatic compactor 
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J.4 MASH TEST 3-10 (CRASH TEST NO. 469468-10-2) 

J.4.1 Vehicle Properties and Information 

Table J.4. Vehicle Properties for Test No. 469468-10-2. 
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Table J.5. Exterior Crush Measurements of Vehicle for Test No. 469468-10-2. 
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Table J.6. Occupant Compartment Measurements of Vehicle for Test No. 469468-10-2. 
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J.4.2 Sequential Photographs  

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure J.1. Sequential Photographs for Test No. 469468-10-2 (Overhead and Frontal Views). 
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 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

 0.700 s  
   

Figure J.1. Sequential Photographs for Test No. 469468-10-2 (Overhead and Frontal Views) 
(Continued). 
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0.000 s  0.400 s 

   
0.100 s  0.500 s 

   
0.200 s  0.600 s 

   
0.300 s  0.700 s 

Figure J.2. Sequential Photographs for Test No. 469468-10-2 (Rear View). 

 



TR
 N

o. 0-6946-R
2  

J-13 
2019-03-26 

 

 

Roll, Pitch, and Yaw Angles

0 0.5 1.0 1.5 2.0-10

0

10

20

30

40

50

Time (s)

A
ng

le
s 

(d
eg

re
es

)

Roll Pitch Yaw

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure J.3. Vehicle Angular Displacements for Test No. 469468-10-2. 

  

J.4.3 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

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

Test Number: 469468-10-2 
Test Standard Test Number: MASH Test 3-10 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 62.9 mi/h 
Impact Angle: 24.7° 
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Figure J.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-10-2  
(Accelerometer Located at Center of Gravity). 
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Test Number: 469468-10-2 
Test Standard Test Number: MASH Test 3-10 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 62.9 mi/h 
Impact Angle: 24.7° 
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Figure J.5. Vehicle Lateral Accelerometer Trace for Test No. 469468-10-2  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-10-2 
Test Standard Test Number: MASH Test 3-10 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 62.9 mi/h 
Impact Angle: 24.7° 
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Figure J.6. Vehicle Vertical Accelerometer Trace for Test No. 469468-10-2  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-10-2 
Test Standard Test Number: MASH Test 3-10 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 62.9 mi/h 
Impact Angle: 24.7° 
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Figure J.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-10-2  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-10-2 
Test Standard Test Number: MASH Test 3-10 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 62.9 mi/h 
Impact Angle: 24.7° 
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Figure J.8. Vehicle Lateral Accelerometer Trace for Test No. 469468-10-2  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-10-2 
Test Standard Test Number: MASH Test 3-10 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 62.9 mi/h 
Impact Angle: 24.7° 
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Figure J.9. Vehicle Vertical Accelerometer Trace for Test No. 469468-10-2  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-10-2 
Test Standard Test Number: MASH Test 3-10 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2009 Kia Rio 
Inertial Mass: 2447 lb 
Gross Mass: 2612 lb 
Impact Speed: 62.9 mi/h 
Impact Angle: 24.7° 
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J.5 MASH TEST 3-11 (CRASH TEST NO. 469468-10-1) 

J.5.1 Vehicle Properties and Information  

Table J.7. Vehicle Properties for Test No. 469468-10-1. 
 

  



TR No. 0-6946-R2 J-21 2019-03-26 

Table J.8. Measurements of Vehicle Vertical CG for Test No. 469468-10-1. 
 
Date: 2018-03-27 Test No.: 469468-10-1 VIN: 1C6RD6FT6CS221909 
 
Year: 2012 Make: Dodge Model: RAM 1500 
 
Body Style: Quad Cab  Mileage: 200400 
 
Engine: 4.7 liter V-8  Transmission: Automatic 
 
Fuel Level: Empty  Ballast: 133 lb     (440 lb max) 
 
Tire Pressure: Front: 35 psi Rear: 35 psi Size: 265/70R17 

 

Hood Height: 46.00 inches Front Bumper Height: 27.00 inches 
 43 ±4 inches allowed   

 
Front Overhang: 40.00 inches Rear Bumper Height: 30.00 inches 

 39 ±3 inches allowed    
 

Overall Length: 227.50 inches    
 237 ±13 inches allowed   

  

Measured Vehicle Weights:     (lb)

LF: 1421 RF: 1397 Front Axle: 2818

LR: 1081 RR: 1118 Rear Axle: 2199

Left: 2502 Right: 2515 Total: 5017
5000 ±110 lb allow ed

140.5 inches Track: F: 68.5 inches        R: 68  inches
148 ±12 inches allow ed Track = (F+R)/2 = 67 ±1.5 inches allow ed

Center of Gravity, SAE J874 Suspension Method

X: 61.58 inches Rear of Front Axle (63 ±4 inches allow ed)

Y: 0.09 inches Left - Right + of Vehicle Centerline

Z: 28.5 inches Above Ground (minumum 28.0 inches allow ed)

Wheel Base:
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Table J.9. Exterior Crush Measurements of Vehicle for Test No. 469468-10-1. 
 
Date: 2018-03-27 Test No.: 469468-10-1 VIN No.: 1C6RD6FT6CS221909 
 
Year: 2012 Make: Dodge Model: RAM 1500 

 
VEHICLE CRUSH MEASUREMENT SHEET1 

Complete When Applicable 
End Damage Side Damage 

Undeformed end width ________ 

Corner shift: A1 ________ 

A2 ________ 

End shift at frame (CDC) 

(check one) 

< 4 inches ________ 

≥ 4 inches ________ 

  Bowing: B1 _____ X1 _____ 

B2 _____ X2 _____ 

 

 Bowing constant 

2
21 XX +  = ______ 

 

 
Note: Measure C1 to C6 from Driver to Passenger Side in Front or Rear impacts – Rear to Front in Side Impacts. 

Specific 
Impact 
Number 

Plane* of 
C-Measurements 

Direct Damage 

Field 
L** 

C1 C2 C3 C4 C5 C6 ±D Width** 
(CDC) 

Max*** 
Crush 

1 Front plane at bumper ht 16 7 18 7 3.5 2 -- -- -- -35 
2 Side plane at bumper ht 16 7 60 1 2 -- -- 5 7 +72 
            

            
 Measurements recorded           
 in inches            
            

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. 
 
**Measure 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). 
 
***Measure 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. 
  



TR No. 0-6946-R2 J-23 2019-03-26 

Table J.10. Occupant Compartment Measurements of Vehicle for Test No. 469468-10-
1. 
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J.5.2 Sequential Photographs  

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure J.10. Sequential Photographs for Test No. 469468-10-1 (Overhead and Frontal Views). 
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 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

 0.700 s  
   

Figure J.10. Sequential Photographs for Test No. 469468-10-1 (Overhead and Frontal Views) 
(Continued). 
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0.000 s  0.400 s 

   
0.100 s  0.500 s 

   
0.200 s  0.600 s 

   
0.300 s  0.700 s 

Figure J.11. Sequential Photographs for Test No. 469468-10-1 (Rear View). 
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Figure J.12. Vehicle Angular Displacements for Test No. 469468-10-1. 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

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

Test Number: 469468-10-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5017 lb 
Gross Mass: 5017 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 24.4° 
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Figure J.13. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-10-1  
(Accelerometer Located at Center of Gravity). 

 

J.5.4 
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ccelerations  

Test Number: 469468-10-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5017 lb 
Gross Mass: 5017 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 24.4° 
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Figure J.14. Vehicle Lateral Accelerometer Trace for Test No. 469468-10-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-10-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5017 lb 
Gross Mass: 5017 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 24.4° 
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Figure J.15. Vehicle Vertical Accelerometer Trace for Test No. 469468-10-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-10-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5017 lb 
Gross Mass: 5017 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 24.4° 
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Figure J.16. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-10-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-10-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5017 lb 
Gross Mass: 5017 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 24.4° 
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Figure J.17. Vehicle Lateral Accelerometer Trace for Test No. 469468-10-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-10-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5017 lb 
Gross Mass: 5017 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 24.4° 
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Figure J.18. Vehicle Vertical Accelerometer Trace for Test No. 469468-10-1  
(Accelerometer Located Rear of Center of Gravity). 

Test Number: 469468-10-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: MBGF in Rocky Terrain 
Test Vehicle: 2012 Dodge RAM 1500 Pickup 
Inertial Mass: 5017 lb 
Gross Mass: 5017 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 24.4° 
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Table K.1. Summary of Strong Soil Test Results for Establishing Installation Procedure. 

 

 
 Dynamic 
 Setup 
 
 
 
 Post-Test  
 Photo of post 

 
Post-Test 
Photo 
 
 
 Static 
Load Test 
  

 

 
 

 
 Dynamic 
 Test  
 Installation 
 Details 

 

 
 
 
 
 
 
 
 
 Static Load 
 Test Installation 
 Details 

Date ................................................................................................................................. 2008-11-05 
Test Facility and Site Location .......................................................................................... TTI Proving Ground, 3100 SH 47, Bryan, TX 77807 
In Situ Soil Description (ASTM D2487 .............................................................................. Sandy gravel with silty fines 
Fill Material Description (ASTM D2487) and sieve analysis .............................................. AASHTO Grade B Soil-Aggregate (see sieve analysis above) 
Description of Fill Placement Procedure ........................................................................... 6-inch lifts tamped with a pneumatic compactor 
Bogie Weight .................................................................................................................... 5009 lb 
Impact Velocity ................................................................................................................. 20.5 mph 
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Table K.2. Test Day Static Soil Strength Documentation for Test No. 469468-12-1. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Static Load Setup 
  

 
 
 
 
 
 
 
 
 
 

Post-Test Photo of Post 
 

Date ......................................................................................  2018-08-21 
Test Facility and Site Location ..............................................  TTI Proving Ground – 3100 SH 47, Bryan, Tx 
In Situ Soil Description (ASTM D2487) .................................  Sandy gravel with silty fines 
Fill Material Description (ASTM D2487) and sieve analysis ..  AASHTO Grade B Soil-Aggregate (see sieve analysis) 
Description of Fill Placement Procedure ...............................  6-inch lifts tamped with a pneumatic compactor 
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K.3 VEHICLE PROPERTIES AND INFORMATION 

Table K.3. Vehicle Properties for Test No. 469468-12-1. 
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Table K.4. Measurements of Vehicle Vertical CG for Test No. 469468-12-1. 
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Table K.5. Exterior Crush Measurements of Vehicle for Test No. 469468-12-1. 
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Table K.6. Occupant Compartment Measurements of Vehicle for Test No. 469468-12-1. 
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K.4 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.050 s  
   

 0.100 s  
   

 0.150 s  
   

Figure K.1. Sequential Photographs for Test No. 469468-12-1 (Overhead and Frontal Views). 
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 0.200 s  
   

 0.300 s  
   

 0.400 s  
   

 0.500 s  
   

Figure K.1. Sequential Photographs for Test No. 469468-12-1 (Overhead and Frontal Views) 
(Continued). 
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0.000 s  0.200 s 
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0.100 s  0.400 s 

   
0.150 s  0.500 s 

Figure K.2. Sequential Photographs for Test No. 469468-12-1 (Rear View). 
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Figure K.3. Vehicle Angular Displacements for Test No. 469468-12-1. 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

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

Test Number: 469468-12-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail  
 in Rocky Terrain 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5018 lb 
Gross Mass: 5018 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 26.0° 
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Figure K.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-12-1  
(Accelerometer Located at Center of Gravity). 
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Test Number: 469468-12-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail  
 in Rocky Terrain 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5018 lb 
Gross Mass: 5018 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 26.0° 
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Figure K.5. Vehicle Lateral Accelerometer Trace for Test No. 469468-12-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-12-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail  
 in Rocky Terrain 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5018 lb 
Gross Mass: 5018 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 26.0° 
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Figure K.6. Vehicle Vertical Accelerometer Trace for Test No. 469468-12-1  
(Accelerometer Located at Center of Gravity). 

 

Test Number: 469468-12-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail  
 in Rocky Terrain 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5018 lb 
Gross Mass: 5018 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 26.0° 
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Figure K.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469468-12-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-12-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail  
 in Rocky Terrain 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5018 lb 
Gross Mass: 5018 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 26.0° 



TR
 N

o. 0-6946-R
2  

K
-21 

2019-03-26 
 

 

Y Acceleration Rear of CG

0 1 2 3 4
-6

-4

-2

0

2

4

6

8

10

Time (s)

La
te

ra
l A

cc
el

er
at

io
n 

(g
)

SAE Class 60 Filter 50-msec average

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure K.8. Vehicle Lateral Accelerometer Trace for Test No. 469468-12-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-12-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail  
 in Rocky Terrain 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5018 lb 
Gross Mass: 5018 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 26.0° 
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Figure K.9. Vehicle Vertical Accelerometer Trace for Test No. 469468-12-1  
(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469468-12-1 
Test Standard Test Number: MASH Test 3-11 
Test Article: TxDOT Round Timber Post Guardrail  
 in Rocky Terrain 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5018 lb 
Gross Mass: 5018 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 26.0° 
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