
TTI: 9-1002-15 

MASH EVALUATION OF TxDOT HIGH-
MOUNTING-HEIGHT TEMPORARY

WORK ZONE SIGN SUPPORT SYSTEM

Test Report 9-1002-15-8 
Cooperative Research Program

TEXAS A&M TRANSPORTATION INSTITUTE
COLLEGE STATION, TEXAS

TEXAS DEPARTMENT OF TRANSPORTATION

ISO 17025 Laboratory
Testing Certificate # 2821.01





Technical Report Documentation Page 

MASH

Manual for 
Assessing Safety Hardware MASH

MASH
MASH

MASH

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized





MASH EVALUATION OF TXDOT HIGH-MOUNTING-HEIGHT 
TEMPORARY WORK ZONE SIGN SUPPORT SYSTEM





DISCLAIMER

TTI PROVING GROUND DISCLAIMER 

ISO 17025 Laboratory
Testing Certificate # 2821.01



ACKNOWLEDGMENTS 



TABLE OF CONTENTS 

Page 

List of Figures ............................................................................................................................... xi 
List of Tables .............................................................................................................................. xiv 

 Introduction ........................................................................................................... 1 Chapter 1.
  
  

 Design Alternatives ............................................................................................... 3 Chapter 2.
  
  

 Test Requirements and Evaluation Criteria ...................................................... 5 Chapter 3.
  
  

 Test Conditions...................................................................................................... 7 Chapter 4.
  

  
  

  
  
  

 Option A Temporary Work Zone Sign Support ................................................ 9 Chapter 5.
  
 MASH  

  
  
  
  
  
  
  
  
  

 Option B Temporary Work Zone Sign Support .............................................. 21 Chapter 6.
  
 MASH  

  
  
  
  
  
  
  
  
  



TABLE OF CONTENTS (CONTINUED)

Page 

 MASH  
  
  
  
  
  
  
  
  
  

 MASH  
  
  
  
  
  
  
  
  
  

 MASH  
  
  
  
  
  
  
  
  
  

 Option C Temporary Work Zone Sign Support .............................................. 53 Chapter 7.
  
 MASH  

  
  
  
  
  
  
  
  
  



TABLE OF CONTENTS (CONTINUED)

Page 

 MASH  
  
  
  
  
  
  
  
  
  

 MASH  
  
  
  
  
  
  
  
  
  

 MASH  
  
  
  
  
  
  
  
  
  

 Summary and Conclusions ................................................................................ 85 Chapter 8.
  

  
  
  

  
 Implementation Statement ................................................................................. 97 Chapter 9.

References .................................................................................................................................... 99 
Appendix A.  Crash Test No. 490026-2-1 (MASH Test 3-72) ........................................... 101 

  
  



TABLE OF CONTENTS (CONTINUED)

Page 

Appendix B.  Crash Test No. 490026-2-2 (MASH Test 3-72) ........................................... 107 
  
  

Appendix C.  Crash Test No. 490026-2-4 (MASH Test 3-71) ........................................... 113 
  
  

Appendix D.  Crash Test No. 490026-2-6 (MASH Test 3-71) ........................................... 119 
  
  

Appendix E.  Crash Test No. 490026-2-8 (MASH Test 3-72) ........................................... 125 
  
  

Appendix F.  Crash Test No. 490026-2-3 (MASH Test 3-72) ........................................... 131 
  
  

Appendix G.  Crash Test No. 490026-2-5 (MASH Test 3-71) ........................................... 137 
  
  

Appendix H.  Crash Test No. 490026-2-7 (MASH Test 3-71) ........................................... 143 
  
  

Appendix I.  Crash Test No. 490026-2-9 (MASH Test 3-72) ........................................... 149 
  
  



LIST OF FIGURES

Page 

 

 
 
 
 
 

MASH
 
 

 
 
 
 
 

MASH
 

 
 
 
 
 

MASH
 

 
 
 
 
 

MASH
 

 
 
 
 
 

MASH
 



LIST OF FIGURES (CONTINUED)

Page 

 

 
 
 
 
 

MASH
 

 
 
 
 
 

MASH
 

 
 
 
 
 

MASH
 

 
 
 
 
 

MASH
 

 

 

 

 



LIST OF FIGURES (CONTINUED)

Page 

 

 

 

 

 



LIST OF TABLES

Page 

MASH
 

MASH
 

MASH
 

MASH
 

MASH
 

MASH
 

MASH
 

MASH
 

MASH
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LIST OF TABLES (CONTINUED)

Page 

 
 
 
 
 
 
 
 
 
 





INTRODUCTIONChapter 1.

1.1. RESEARCH PROBLEM STATEMENT

Manual on Uniform Traffic Control Devices
1

Manual for Assessing Safety Hardware MASH
2

1.2. RESEARCH OBJECTIVES
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3





DESIGN ALTERNATIVES Chapter 2.

2.1. HIGH-MOUNTING SIGN SUPPORTS WITH ALUMINUM SIGNS

2.2. DESIGN ALTERNATIVES 





TEST REQUIREMENTS AND EVALUATION CRITERIA  Chapter 3.

3.1. CRASH TEST MATRIX

MASH

MASH Test Designation 3-70:
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MASH
MASH

MASH

MASH
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TEST CONDITIONSChapter 4.

4.1. TEST FACILITY

MASH

4.2 VEHICLE TOW AND GUIDANCE SYSTEM

4.3 DATA ACQUISITION SYSTEMS

4.3.1 Vehicle Instrumentation and Data Processing

MASH



4.3.2 Anthropomorphic Dummy Instrumentation

MASH

4.3.3 Photographic Instrumentation Data Processing 



OPTION A TEMPORARY WORK ZONE SIGN SUPPORTChapter 5.

5.1 OPTION A DESIGN AND CONSTRUCTION

5.2 MASH TEST 3-72 AT 90 DEGREES (CRASH TEST NO. 490026-2-1) 

5.2.1 Test Designation and Actual Impact Conditions

MASH

MASH
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Figure 5.2. Option A Temporary Work Zone Sign Support Used for Test No. 490026-2-1.

5.2.2 Weather Conditions 

5.2.3 Test Vehicle 



Figure 5.3. Test Vehicle before Test No. 490026-2-1.

5.2.4 Test Description

5.2.5 Damage to Test Installation



Figure 5.4. Option A Temporary Work Zone Sign Support after Test No. 490026-2-1.

5.2.6 Vehicle Damage



Figure 5.5. Test Vehicle after Test No. 490026-2-1.

Figure 5.6. Interior of Test Vehicle after Test No. 490026-2-1.

5.2.7 Occupant Risk Factors

MASH



5.2.8 Assessment of Test Results

MASH
MASH

5.2.8.1 Structural Adequacy 

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

5.2.8.2 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. 

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

4.0 inches; windshield = 3.0 inches; side windows = no shattering by 
test article structural member; wheel/foot well/toe pan 9.0 inches; 
forward of A-pillar 12.0 inches; front side door area above seat 

9.0 inches; front side door below seat 12.0 inches; 
floor pan/transmission tunnel area 12.0 inches).

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



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

H. Occupant impact velocities should satisfy the following: 
Longitudinal and Lateral Occupant Impact Velocity 

Preferred Maximum 
10 ft/s  16.4 ft/s 

I. Occupant ridedown accelerations should satisfy the following: 
Longitudinal and Lateral Occupant Ridedown Accelerations 

Preferred Maximum 
 15 G   20.49 G 

5.2.8.3 Vehicle Trajectory

N. Vehicle trajectory behind the test article is acceptable.

5.2.9 Conclusions
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OPTION B TEMPORARY WORK ZONE SIGN SUPPORT Chapter 6.

6.1 OPTION B DESIGN AND CONSTRUCTION
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6.2 MASH TEST 3-72 AT 90 DEGREES (CRASH TEST NO. 490026-2-2) 

6.2.1 Test Designation and Actual Impact Conditions

MASH

MASH

Figure 6.2. Option B Temporary Work Zone Sign Support Used for Test No. 490026-2-2.

6.2.2 Weather Conditions 



6.2.3 Test Vehicle 

Figure 6.3. Test Vehicle before Test No. 490026-2-2.

6.2.4 Test Description

6.2.5 Damage to Test Installation 



Figure 6.4. Option B Temporary Work Zone Sign Support after Test No. 490026-2-2.

6.2.6 Vehicle Damage



Figure 6.5. Test Vehicle after Test No. 490026-2-2.

Figure 6.6. Interior of Test Vehicle for Test No. 490026-2-2.



6.2.7 Occupant Risk Factors

MASH

6.2.8 Assessment of Test Results

MASH
MASH

6.2.8.1 Structural Adequacy 

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

6.2.8.2 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.

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

4.0 inches; windshield = 3.0 inches; side windows = no shattering by 
test article structural member; wheel/foot well/toe pan 9.0 inches; 
forward of A-pillar 12.0 inches; front side door area above seat 

9.0 inches; front side door below seat 12.0 inches; 
floor pan/transmission tunnel area 12.0 inches).

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



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

H. Occupant impact velocities should satisfy the following: 
Longitudinal and Lateral Occupant Impact Velocity 

Preferred Maximum 
10 ft/s  16.4 ft/s 

I. Occupant ridedown accelerations should satisfy the following: 
Longitudinal and Lateral Occupant Ridedown Accelerations 

Preferred Maximum 
 15 G   20.49 G 

6.2.8.3 Vehicle Trajectory

N. Vehicle trajectory behind the test article is acceptable.

6.2.9 Conclusions

MASH
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6.3 MASH TEST 3-71 AT 90 DEGREES (CRASH TEST NO. 490026-2-4) 

6.3.1 Test Designation and Actual Impact Conditions

MASH

MASH

Figure 6.8. Option B Temporary Work Zone Sign Support Used for Test No. 490026-2-4.

6.3.2 Weather Conditions 



6.3.3 Test Vehicle 

Figure 6.9. Test Vehicle before Test No. 490026-2-4.

6.3.4 Test Description

6.3.5 Damage to Test Installation 



Figure 6.10. Option B Temporary Work Zone Sign Support after Test No. 490026-2-4.

6.3.6 Vehicle Damage



Figure 6.11. Test Vehicle after Test No. 490026-2-4.

Figure 6.12. Interior of Test Vehicle for Test No. 490026-2-4.

6.3.7 Occupant Risk Factors

MASH



6.3.8 Assessment of Test Results

MASH
MASH

6.3.8.1 Structural Adequacy 

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

6.3.8.2 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. 

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

4.0 inches; windshield = 3.0 inches; side windows = no shattering by 
test article structural member; wheel/foot well/toe pan 9.0 inches; 
forward of A-pillar 12.0 inches; front side door area above seat 

9.0 inches; front side door below seat 12.0 inches; 
floor pan/transmission tunnel area 12.0 inches).

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

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



H. Occupant impact velocities should satisfy the following: 
Longitudinal and Lateral Occupant Impact Velocity 

Preferred Maximum 
10 ft/s  16.4 ft/s 

I. Occupant ridedown accelerations should satisfy the following: 
Longitudinal and Lateral Occupant Ridedown Accelerations 

Preferred Maximum 
 15 G   20.49 G 

6.3.8.3 Vehicle Trajectory

N. Vehicle trajectory behind the test article is acceptable.

6.3.9 Conclusions
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6.4 MASH TEST 3-71 AT 0 DEGREES (CRASH TEST NO. 490026-2-6) 

6.4.1 Test Designation and Actual Impact Conditions

MASH

MASH

Figure 6.14. Option B Temporary Work Zone Sign Support Used for Test No. 490026-2-6.

6.4.2 Weather Conditions 



6.4.3 Test Vehicle 

Figure 6.15. Test Vehicle before Test No. 490026-2-6.

6.4.4 Test Description

6.4.5 Damage to Test Installation 



Figure 6.16. Option B Temporary Work Zone Sign Support after Test No. 490026-2-6.

6.4.6 Vehicle Damage



Figure 6.17. Test Vehicle after Test No. 490026-2-6.

Figure 6.18. Interior of Test Vehicle for Test No. 490026-2-6.

6.4.7 Occupant Risk Factors

MASH



6.4.8 Assessment of Test Results

MASH
MASH

6.4.8.1 Structural Adequacy 

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

6.4.8.2 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. 

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

4.0 inches; windshield = 3.0 inches; side windows = no shattering by 
test article structural member; wheel/foot well/toe pan 9.0 inches; 
forward of A-pillar 12.0 inches; front side door area above seat 

9.0 inches; front side door below seat 12.0 inches; 
floor pan/transmission tunnel area 12.0 inches).

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



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

H. Occupant impact velocities should satisfy the following:
Longitudinal and Lateral Occupant Impact Velocity 

Preferred Maximum 
10 ft/s  16.4 ft/s 

I. Occupant ridedown accelerations should satisfy the following: 
Longitudinal and Lateral Occupant Ridedown Accelerations 

Preferred Maximum 
 15 G   20.49 G 

6.4.8.3 Vehicle Trajectory

N. Vehicle trajectory behind the test article is acceptable.

6.4.9 Conclusions



G
en

er
al

 In
fo

rm
at

io
n

Te
st

 A
rt

ic
le

So
il 

Ty
pe

 a
nd

 C
on

di
tio

n

Te
st

 V
eh

ic
le

Im
pa

ct
 C

on
di

tio
ns

K
in

et
ic

 E
ne

rg
y

Ex
it 

C
on

di
tio

ns

O
cc

up
an

t R
is

k 
Va

lu
es

Te
st

 A
rt

ic
le

 D
eb

ris
 S

ca
tte

r

Po
st

-Im
pa

ct
 T

ra
je

ct
or

y

Ve
hi

cl
e 

St
ab

ili
ty

Ve
hi

cl
e 

D
am

ag
e

Fi
gu

re
 6

.1
9.

 S
um

m
ar

y 
of

 R
es

ul
ts

 fo
r 

M
AS

H
T

es
t 3

-7
1 

at
 0

 D
eg

re
es

 o
n 

th
e 

O
pt

io
n 

B
 T

em
po

ra
ry

 W
or

k 
Z

on
e 

Si
gn

 S
up

po
rt

.



6.5 MASH TEST 3-72 AT 0 DEGREES (CRASH TEST NO. 490026-2-8) 

6.5.1 Test Designation and Actual Impact Conditions

MASH

MASH

Figure 6.20. Option A Temporary Work Zone Sign Support Used for Test No. 490026-2-8.

6.5.2 Weather Conditions 



6.5.3 Test Vehicle 

Figure 6.21. Test Vehicle before Test No. 490026-2-8.

6.5.4 Test Description

6.5.5 Damage to Test Installation 



Figure 6.22. Option A Temporary Work Zone Sign Support after Test No. 490026-2-8.

6.5.6 Vehicle Damage



Figure 6.23. Test Vehicle after Test No. 490026-2-8.

Figure 6.24. Interior of Test Vehicle after Test No. 490026-2-8.

6.5.7 Occupant Risk Factors

MASH

6.5.8 Assessment of Test Results

MASH
MASH

6.5.8.1 Structural Adequacy 

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



6.5.8.2 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. 

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

4.0 inches; windshield = 3.0 inches; side windows = no shattering by 
test article structural member; wheel/foot well/toe pan 9.0 inches; 
forward of A-pillar 12.0 inches; front side door area above seat 

9.0 inches; front side door below seat 12.0 inches; 
floor pan/transmission tunnel area 12.0 inches).

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

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

H. Occupant impact velocities should satisfy the following: 
Longitudinal and Lateral Occupant Impact Velocity 

Preferred Maximum 
10 ft/s  16.4 ft/s 



I. Occupant ridedown accelerations should satisfy the following: 
Longitudinal and Lateral Occupant Ridedown Accelerations 

Preferred Maximum 
 15 G   20.49 G 

6.5.8.3 Vehicle Trajectory

N. Vehicle trajectory behind the test article is acceptable.

6.5.9 Conclusions
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OPTION C TEMPORARY WORK ZONE SIGN SUPPORTChapter 7.

7.1 OPTION C DESIGN AND CONSTRUCTION

7.2 MASH TEST 3-72 AT 90 DEGREES (CRASH TEST NO. 490026-2-3) 

7.2.1 Test Designation and Actual Impact Conditions

MASH

MASH
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Figure 7.2. Option C Temporary Work Zone Sign Support Used for Test No. 490026-2-3.

7.2.2 Weather Conditions 

7.2.3 Test Vehicle 



Figure 7.3. Test Vehicle before Test No. 490026-2-3.

7.2.4 Test Description

7.2.5 Damage to Test Installation 



Figure 7.4. Option C Temporary Work Zone Sign Support after Test No. 490026-2-3.

7.2.6 Vehicle Damage



Figure 7.5. Test Vehicle after Test No. 490026-2-3.

Figure 7.6. Interior of Test Vehicle for Test No. 490026-2-3.

7.2.7 Occupant Risk Factors

MASH



7.2.8 Assessment of Test Results

MASH
MASH

7.2.8.1 Structural Adequacy 

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

7.2.8.2 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. 

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

4.0 inches; windshield = 3.0 inches; side windows = no shattering by 
test article structural member; wheel/foot well/toe pan 9.0 inches; 
forward of A-pillar 12.0 inches; front side door area above seat 

9.0 inches; front side door below seat 12.0 inches; 
floor pan/transmission tunnel area 12.0 inches).

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

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



H. Occupant impact velocities should satisfy the following: 
Longitudinal and Lateral Occupant Impact Velocity 

Preferred Maximum 
10 ft/s  16.4 ft/s 

I. Occupant ridedown accelerations should satisfy the following: 
Longitudinal and Lateral Occupant Ridedown Accelerations 

Preferred Maximum 
 15 G   20.49 G 

7.2.8.3 Vehicle Trajectory

N. Vehicle trajectory behind the test article is acceptable.

7.2.9 Conclusions

MASH
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7.3 MASH TEST 3-71 AT 90 DEGREES (CRASH TEST NO. 490026-2-5) 

7.3.1 Test Designation and Actual Impact Conditions

MASH

MASH

Figure 7.8. Option C Temporary Work Zone Sign Support Used for Test No. 490026-2-5.

7.3.2 Weather Conditions 



7.3.3 Test Vehicle 

Figure 7.9. Test Vehicle before Test No. 490026-2-5.

7.3.4 Test Description

7.3.5 Damage to Test Installation 



Figure 7.10. Option C Temporary Work Zone Sign Support after Test No. 490026-2-5.

7.3.6 Vehicle Damage



Figure 7.11. Test Vehicle after Test No. 490026-2-5.

Figure 7.12. Interior of Test Vehicle for Test No. 490026-2-5.

7.3.7 Occupant Risk Factors

MASH



7.3.8 Assessment of Test Results

MASH
MASH

7.3.8.1 Structural Adequacy 

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

7.3.8.2 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. 

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

4.0 inches; windshield = 3.0 inches; side windows = no shattering by 
test article structural member; wheel/foot well/toe pan 9.0 inches; 
forward of A-pillar 12.0 inches; front side door area above seat 

9.0 inches; front side door below seat 12.0 inches; 
floor pan/transmission tunnel area 12.0 inches).

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



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

H. Occupant impact velocities should satisfy the following: 
Longitudinal and Lateral Occupant Impact Velocity 

Preferred Maximum 
10 ft/s  16.4 ft/s 

I. Occupant ridedown accelerations should satisfy the following: 
Longitudinal and Lateral Occupant Ridedown Accelerations 

Preferred Maximum 
 15 G   20.49 G 

7.3.8.3 Vehicle Trajectory

N. Vehicle trajectory behind the test article is acceptable.

7.3.9 Conclusions
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7.4 MASH TEST 3-71 AT 0 DEGREES (CRASH TEST NO. 490026-2-7) 

7.4.1 Test Designation and Actual Impact Conditions

MASH

MASH

Figure 7.14. Option C Temporary Work Zone Sign Support Used for Test No. 490026-2-7.

7.4.2 Weather Conditions 



7.4.3 Test Vehicle 

Figure 7.15. Test Vehicle before Test No. 490026-2-7.

7.4.4 Test Description

7.4.5 Damage to Test Installation 



Figure 7.16. Option C Temporary Work Zone Sign Support after Test No. 490026-2-7.

7.4.6 Vehicle Damage



Figure 7.17. Test Vehicle after Test No. 490026-2-7.

Figure 7.18. Interior of Test Vehicle for Test No. 490026-2-7.

7.4.7 Occupant Risk Factors

MASH



7.4.8 Assessment of Test Results

MASH
MASH

7.4.8.1 Structural Adequacy 

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

7.4.8.2 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. 

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

4.0 inches; windshield = 3.0 inches; side windows = no shattering by 
test article structural member; wheel/foot well/toe pan 9.0 inches; 
forward of A-pillar 12.0 inches; front side door area above seat 

9.0 inches; front side door below seat 12.0 inches; 
floor pan/transmission tunnel area 12.0 inches).

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



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

H. Occupant impact velocities should satisfy the following: 
Longitudinal and Lateral Occupant Impact Velocity 

Preferred Maximum 
10 ft/s  16.4 ft/s 

I. Occupant ridedown accelerations should satisfy the following: 
Longitudinal and Lateral Occupant Ridedown Accelerations 

Preferred Maximum 
 15 G   20.49 G 

7.4.8.3 Vehicle Trajectory

N. Vehicle trajectory behind the test article is acceptable.

7.4.9 Conclusions
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7.5 MASH TEST 3-72 AT 0 DEGREES (CRASH TEST NO. 490026-2-9) 

7.5.1 Test Designation and Actual Impact Conditions

MASH

MASH

Figure 7.20. Option C Temporary Work Zone Sign Support Used for Test No. 490026-2-9.

7.5.2 Weather Conditions 



7.5.3 Test Vehicle 

Figure 7.21. Test Vehicle before Test No. 490026-2-9.

7.5.4 Test Description

7.5.5 Damage to Test Installation 



Figure 7.22. Option C Temporary Work Zone Sign Support after Test No. 490026-2-9.

7.5.6 Vehicle Damage



Figure 7.23. Test Vehicle after Test No. 490026-2-9.

Figure 7.24. Interior of Test Vehicle for Test No. 490026-2-9.

7.5.7 Occupant Risk Factors

MASH

7.5.8 Assessment of Test Results

MASH
MASH

7.5.8.1 Structural Adequacy 

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



7.5.8.2 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. 

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

4.0 inches; windshield = 3.0 inches; side windows = no shattering by 
test article structural member; wheel/foot well/toe pan 9.0 inches; 
forward of A-pillar 12.0 inches; front side door area above seat 

9.0 inches; front side door below seat 12.0 inches; 
floor pan/transmission tunnel area 12.0 inches).

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

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

H. Occupant impact velocities should satisfy the following:
Longitudinal and Lateral Occupant Impact Velocity 

Preferred Maximum 
10 ft/s  16.4 ft/s 



I. Occupant ridedown accelerations should satisfy the following: 
Longitudinal and Lateral Occupant Ridedown Accelerations 

Preferred Maximum 
 15 G   20.49 G 

7.5.8.3 Vehicle Trajectory

N. Vehicle trajectory behind the test article is acceptable.

7.5.9 Conclusions
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SUMMARY AND CONCLUSIONSChapter 8.

8.1 ASSESSMENT OF TEST RESULTS

8.1.1 Option A Temporary Work Zone Sign Support

MASH

MASH

8.1.2 Option B Temporary Work Zone Sign Support

MASH

MASH

MASH

MASH

MASH

8.1.3 Option C Temporary Work Zone Sign Support

MASH



MASH

MASH

MASH

8.2 CONCLUSIONS

MASH

MASH

MASH
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APPENDIX A. CRASH TEST NO. 490026-2-1 (MASH TEST 3-72)

A1 VEHICLE PROPERTIES AND INFORMATION

Table A.1. Vehicle Properties for Test No. 490026-2-1 through 490026-2-3.

Geometry:

Mass Distribution:

GVWR Ratings: Mass:



Table A.2. Measurements of Vehicle Vertical CG for Test No. 490026-2-1 through 
490026-2-3.

Measured Vehicle Weights:

Center of Gravity, 



Table A.3. Exterior Crush Measurements for Test No. 490026-2-1.

XX

in inches



Table A.4. Occupant Compartment Measurements for Test No. 490026-2-1.

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT

Before After



A2 SEQUENTIAL PHOTOGRAPHS

Figure A.1. Sequential Photographs for Test No. 490026-2-1 (Perpendicular and Oblique 
Views).



Figure A.1. Sequential Photographs for Test No. 490026-2-1 (Perpendicular and Oblique 
Views) (Continued).



APPENDIX B. CRASH TEST NO. 490026-2-2 (MASH TEST 3-72)

B1 VEHICLE PROPERTIES AND INFORMATION

Table B.1. Vehicle Properties for Test No. 490026-2-2.

Geometry:

Mass Distribution:

GVWR Ratings: Mass:



Table B.2. Measurements of Vehicle Vertical CG for Test No. 490026-2-2.

Measured Vehicle Weights:

Center of Gravity, 



Table B.3. Exterior Crush Measurements for Test No. 490026-2-2.

XX

in inches



Table B.4. Occupant Compartment Measurements for Test No. 490026-2-2.

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT

Before After



B2 SEQUENTIAL PHOTOGRAPHS

Figure B.1. Sequential Photographs for Test No. 490026-2-2 (Perpendicular and Oblique 
Views).



Figure B.1. Sequential Photographs for Test No. 490026-2-2 (Perpendicular and Oblique 
Views) (Continued).



APPENDIX C. CRASH TEST NO. 490026-2-4 (MASH TEST 3-71)

C1 VEHICLE PROPERTIES AND INFORMATION

Table C.1. Vehicle Properties for Test Nos. 490026-2-4.

Geometry:

Mass Distribution:

GVWR Ratings: Mass:



Table C.2. Exterior Crush Measurements for Test No. 490026-2-4.

XX

in inches



G

F

I

H

B1, B2, B3, B4, B5, B6

A1, A2, &A 3
D1, D2, & D3

C1, C2, & C3

E1 & E2
B1 B2 B3

Table C.3. Occupant Compartment Measurements for Test No. 490026-2-4.

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT

Before After



C2 SEQUENTIAL PHOTOGRAPHS

Figure C.1. Sequential Photographs for Test No. 490026-2-4 (Perpendicular and Oblique 
Views).



Figure C.1. Sequential Photographs for Test No. 490026-2-4 (Perpendicular and Oblique 
Views) (Continued).





APPENDIX D. CRASH TEST NO. 490026-2-6 (MASH TEST 3-71)

D1 VEHICLE PROPERTIES AND INFORMATION

Table D.1. Vehicle Properties for Test No. 490026-2-6.

Geometry:

Mass Distribution:

GVWR Ratings: Mass:



Table D.2. Exterior Crush Measurements for Test No. 490026-2-6.

XX

in inches



G

F

I

H

B1, B2, B3, B4, B5, B6

A1, A2, &A 3
D1, D2, & D3

C1, C2, & C3

E1 & E2
B1 B2 B3

Table D.3. Occupant Compartment Measurements for Test No. 490026-2-6.

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT

Before After



D2 SEQUENTIAL PHOTOGRAPHS

Figure D.1. Sequential Photographs for Test No. 490026-2-6 (Perpendicular and Oblique 
Views).



Figure D.1. Sequential Photographs for Test No. 490026-2-6 (Perpendicular and Oblique 
Views) (Continued).





APPENDIX E. CRASH TEST NO. 490026-2-8 (MASH TEST 3-72)

E1 VEHICLE PROPERTIES AND INFORMATION

Table E.1. Vehicle Properties for Test No. 490026-2-8.

Geometry:

Mass Distribution:

GVWR Ratings: Mass:



Table E.2. Measurements of Vehicle Vertical CG for Test No. 490026-2-8.

Measured Vehicle Weights:

Center of Gravity, 



Table E.3. Exterior Crush Measurements for Test No. 490026-2-8.

XX

in inches



Table E.4. Occupant Compartment Measurements for Test No. 490026-2-8.

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT

Before After



E2 SEQUENTIAL PHOTOGRAPHS

Figure E.1. Sequential Photographs for Test No. 490026-2-8 (Perpendicular and Oblique 
Views).



Figure E.1. Sequential Photographs for Test No. 490026-2-8 (Perpendicular and Oblique 
Views) (Continued).



APPENDIX F. CRASH TEST NO. 490026-2-3 (MASH TEST 3-72)

F1 VEHICLE PROPERTIES AND INFORMATION

Table F.1. Vehicle Properties for Test No. 490026-2-3.

Geometry:

Mass Distribution:

GVWR Ratings: Mass:



Table F.2. Measurements of Vehicle Vertical CG for Test No. 490026-2-3.

Measured Vehicle Weights:

Center of Gravity, 



Table F.3. Exterior Crush Measurements for Test No. 490026-2-3.

XX

in inches



Table F.4. Occupant Compartment Measurements for Test No. 490026-2-3.

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT

Before After



F2 SEQUENTIAL PHOTOGRAPHS

Figure F.1. Sequential Photographs for Test No. 490026-2-3 (Perpendicular and Oblique 
Views).



Figure F.1. Sequential Photographs for Test No. 490026-2-3 (Perpendicular and Oblique 
Views) (Continued).



APPENDIX G. CRASH TEST NO. 490026-2-5 (MASH TEST 3-71)

G1 VEHICLE PROPERTIES AND INFORMATION

Table G.1. Vehicle Properties for Test No. 490026-2-5.

Geometry:

Mass Distribution:

GVWR Ratings: Mass:



Table G.2. Exterior Crush Measurements for Test No. 490026-2-5.

XX

in inches



G

F

I

H

B1, B2, B3, B4, B5, B6

A1, A2, &A 3
D1, D2, & D3

C1, C2, & C3

E1 & E2
B1 B2 B3

Table G.3. Occupant Compartment Measurements for Test No. 490026-2-5.

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT

Before After



G2 SEQUENTIAL PHOTOGRAPHS

Figure G.1. Sequential Photographs for Test No. 490026-2-5 (Perpendicular and Oblique 
Views).



Figure G.1. Sequential Photographs for Test No. 490026-2-5 (Perpendicular and Oblique 
Views) (Continued).





APPENDIX H. CRASH TEST NO. 490026-2-7 (MASH TEST 3-71)

H1 VEHICLE PROPERTIES AND INFORMATION

Table H.1. Vehicle Properties for Test No. 490026-2-7.

Geometry:

Mass Distribution:

GVWR Ratings: Mass:



Table H.2. Exterior Crush Measurements for Test No. 490026-2-7.

XX

in inches



G

F

I

H

B1, B2, B3, B4, B5, B6

A1, A2, &A 3
D1, D2, & D3

C1, C2, & C3

E1 & E2
B1 B2 B3

Table H.3. Occupant Compartment Measurements for Test No. 490026-2-7.

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT

Before After



H2 SEQUENTIAL PHOTOGRAPHS

Figure H.1. Sequential Photographs for Test No. 490026-2-7 (Perpendicular and Oblique 
Views).



Figure H.1. Sequential Photographs for Test No. 490026-2-7 (Perpendicular and Oblique 
Views) (Continued).





APPENDIX I.  CRASH TEST NO. 490026-2-9 (MASH TEST 3-72)

I1 VEHICLE PROPERTIES AND INFORMATION

Table I.1. Vehicle Properties for Test No. 490026-2-9.

Geometry:

Mass Distribution:

GVWR Ratings: Mass:



Table I.2. Measurements of Vehicle Vertical CG for Test No. 490026-2-9.

Measured Vehicle Weights:

Center of Gravity, 



Table I.3. Exterior Crush Measurements for Test No. 490026-2-9.

XX

in inches



Table I.4. Occupant Compartment Measurements for Test No. 490026-2-9.

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT

Before After



I2 SEQUENTIAL PHOTOGRAPHS

Figure I.1. Sequential Photographs for Test No. 490026-2-9 (Perpendicular and Oblique 
Views).



Figure I.1. Sequential Photographs for Test No. 490026-2-9 (Perpendicular and Oblique 
Views) (Continued).


