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CHAPTER 1.  INTRODUCTION 
 
 
1.1 BACKGROUND 
 

Portable roll-up signs are currently used by the Texas Department of Transportation 
(TxDOT) for short-term, daytime maintenance/construction activities and emergency operations.  
These flexible fabric signs are supported by fiberglass frames attached to a multi-leg base. In 
windy conditions typical of the Texas coast and panhandle, the rollup sign panels lay back to a 
point that they become illegible. In more extreme conditions, the support can blow over or the 
fiberglass stays can break. 

 
The cost of resetting signs and replacing those that fail involves not only direct materials 

and labor, but also the safety of maintenance personnel due to increased exposure and the 
motoring public due to lost information in the work zone.  Research project 0-6399 was 
undertaken to understand the nature of wind loading on portable roll-up signs, and identify 
alternative materials to support the flexible sign substrates that will improve the performance of 
the sign support in windy conditions and reduce wind-induced failures without compromising 
crashworthiness.   
 
 
1.2 OBJECTIVES/SCOPE OF RESEARCH 
 

Alternate materials were identified by researchers at Texas Tech University that offer 
promise for improving field performance providing more durable and reliable service in windy 
conditions.  The alternate materials were incorporated into a modified short term sign stand that 
is readily available in the marketplace.  The crashworthiness of modified system was evaluated 
through a series of crash tests conducted in accordance with the American Association of State 
Highway Transportation Officials (AASHTO’s) Manual for Assessing Safety Hardware (MASH) 
(1).  These tests were performed at the Texas A&M Transportation Institute (TTI) Proving 
Ground, and the results are reported herein. 
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CHAPTER 2.  SYSTEM DETAILS 
 
 
2.1 TEST ARTICLE DESIGN AND CONSTRUCTION 
 

Two prototype portable roll-up sign assemblies were provided by researchers at Texas 
Tech University.  The roll-up fabric sign substrates were 3MTM Diamond GradeTM RS24 roll-up 
sign sheeting that were obtained through TrafFix Devices, Inc. The sign sheeting is listed on the 
TxDOT 801-60-66 Prequalified Products List (QPL) “Sign Face, Roll-Up, Reflective, 
Construction and Work Zone.”  The sign panels incorporated plastic corner pockets into which 
the ends of the horizontal and vertical fiberglass stays were inserted.   
 

The fiberglass stays were obtained from TrafFix Devices, Inc.  The vertical stays were 
66 inches long, 1.25 inches wide, and 5/16 inches thick.  The horizontal stays were 66 inches 
long, 1.25 inches wide, and 3/16 inches thick.   
  

Mbrace○R CF 130 carbon fiber sheets were used to strengthen and reinforce portions of the 
fiberglass stays.  Mbrace○R CF 130 is a dry fabric constructed of very high strength aerospace 
grade carbon fibers that is manufactured by BASF Construction Chemicals, LLC.  The carbon 
fiber sheets were applied using epoxy based resin, namely, Mbrace○R Primer and Saturant.   
 

The carbon fiber sheets were applied to the lower 40 inches of the vertical stays and the 
middle 24-inch region of the horizontal stays.  One layer of carbon fiber sheet was wrapped 
around the stays, with an overlap on one of the long side of the stays to cover the starting edge of 
the sheet.   
 

The bottom corner of the roll-up fabric signs were inserted into 22000 Series TrafFix 
Sign Stands that were obtained through TrafFix Devices, Inc.  The four telescoping, tubular steel 
legs of the sign stand were extended to their fully open position.  The legs were positioned in the 
lowest height adjustment, such that the mounting height from the pavement surface to the bottom 
corner of the roll-up fabric sign was 12 inches.  The weight of the sign stand was 20 lb.   

 
The assembled portable sign system was placed on a concrete apron for the crash testing.  

The first test was performed with a 40-lb sand bag placed at the end of each of the four legs of 
the sign stand.  This is how they are typically deployed in the coastal and western regions of 
Texas that frequently experience high winds.  A subsequent test was conducted without sand 
bags to determine their effect on the impact performance of the portable sign system.   

 
 General details of the roll-up sign support system are shown in Figure 2.1 and 2.2.  

Additional details of the system are provided in Appendix A.  Photographs of the assembled test 
prototypes are shown in Figure 2.3.   
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2.2 MATERIAL SPECIFICATIONS 
 

The roll-up fabric sign substrates were manufactured from 3MTM Diamond GradeTM 
RS24 roll-up sign sheeting.  The material specifications for the sign sheeting are provided in 
Appendix B.  Researchers at Texas Tech University conducted laboratory tests to characterize 
the material properties of the fiberglass stays. The tensile strength of the fiberglass stays varied 
from 67 ksi to 87 ksi, and Young's Modulus ranged from 5500 ksi to 5800 ksi.  Mbrace○R CF 130 
carbon fiber sheets were used to strengthen and reinforce portions of the fiberglass stays as 
described above.  The engineering properties of the carbon fibers are provided in Appendix C.  
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Figure 2.1.  Components of the Portable Roll-Up Sign. 
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Figure 2.2.  Dimensional Details of the Portable Roll-Up Sign Panel and Supports. 
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Portable Roll-Up Sign with Sandbags 

  
Portable Roll-Up Sign without Sandbags 

 
Figure 2.3.  Portable Roll-Up Sign before Test No. 4663963-1 and 2.  
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CHAPTER 3.  TEST REQUIREMENTS AND EVALUATION CRITERIA 
 
 
3.1 CRASH TEST MATRIX 
 

According to MASH, up to three tests are recommended to evaluate work zone traffic 
control devices to Test Level 3 (TL-3): 
 

• MASH Test 3-70:  An 1100C (2420 lb/1100 kg) vehicle impacting the device 
at a nominal impact speed of 19 mi/h and critical impact angle (CIA) judged 
to have the greatest potential for test failure.  This test evaluates a device’s 
ability to successfully activate by breakaway, fracture, or yielding mechanism 
during low-speed impacts with a small vehicle. 

• MASH Test 3-71:  An 1100C (2420 lb/1100 kg) vehicle impacting the device 
at a nominal impact speed of 62 mi/h and CIA judged to have the greatest 
potential for test failure.  This evaluates the behavior of the device during 
high-speed impacts with a small vehicle and the potential for intrusion of 
structural components into the vehicle. 

• MASH Test 3-72:  A 2270P (5000 lb/2270 kg) vehicle impacting the device 
at a nominal impact speed of 62 mi/h and CIA judged to have the greatest 
potential for test failure.  This evaluates the behavior of the device during 
high-speed impacts with a pickup truck. 

 
MASH test 3-71 was performed on the portable roll-up sign stands evaluated under this 

project.  This test is considered to be the critical test for temporary work zone traffic control 
devices with a 1-ft mounting height due to the increased propensity for occupant compartment 
intrusion through the windshield of the small car at higher speeds.  MASH states that Test 3-70 is 
considered optional for work-zone traffic control devices weighing less than 220 lb, because 
velocity changes during low-speed impacts with free-standing, lightweight features will be 
within acceptable limits. The higher hood height and longer wrap around distance from the 
ground to the base of the windshield makes test 3-72 with the pickup truck less critical for low-
mounted signs.  The 4 ft × 4ft fabric sign in a diamond configuration at a 1 ft mounting height 
stands approximately 6 ft-8 inches tall. The wrap around distance on a Dodge Ram 1500 pickup 
truck is approximately 7 ft-10 inches.  Therefore, the sign would contact the hood rather than the 
windshield.  Further, because the hood height of the pickup truck, which is approximately 3 ft-10 
inches, matches the height of the center of the sign panel and exceeds the center of mass of the 
sign support system, it is likely that the sign panel will be carried forward by the truck even if it 
releases from its base. 

 
FHWA requires the impact performance of temporary work zone sign supports to be 

evaluated for two different orientations.  In addition to the common scenario involving the car 
impacting the device head-on (i.e., 0 deg.), an impact with the device turned either turned 90 
degrees or laid on the ground, whichever is judged the more critical case, is also required.  This 
test condition accounts for the common field practice of rotating or lying a device down out of 
view of traffic until it is needed again and/or picked up and moved to the next job site.  In order 
to reduce testing cost, FHWA permits the evaluation of both the zero and ninety degree 
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orientations using two separate devices impacted in sequence in a single crash test.  When 
conducting such tests, consideration must be given to the fact that the first device impacted can 
potentially affect or interfere with the subsequent device.  If the impact evaluation of the second 
device is hindered by interaction with the first device, a separate test is conducted to evaluate the 
second device.   

 
In the initial testing of the portable roll-up sign system, single devices were tested headon 

at zero degrees.  In subsequent testing of a modified sign stand, two separate devices oriented at 
zero and ninety degrees were impacted in a single crash test.  The devices were separated by a 
distance of 30 ft.   

 
The crash test and data analysis procedures followed under the project were in 

accordance with guidelines presented in MASH.  Chapter 4 presents brief descriptions of these 
procedures. 
 
 
3.2 EVALUATION CRITERIA 
 

The performance of each portable roll-up sign was evaluated using all relevant MASH 
criteria for evaluation of work zone traffic control devices.  Of primary concern regarding the 
impact behavior of a work zone traffic control device is penetration of the device or parts of the 
device into the occupant compartment.  In order to minimize the potential for injury during 
impact, penetration or intrusion into the occupant compartment is not permitted.  Any hole 
through the protective layer in the windshield constitutes a failure.  In addition, the windshield 
cannot be shattered or damaged to the extent that it obstructs the vision of the driver or is 
deformed inward more than 3 inches.  The appropriate safety evaluation criteria from Table 5-1 
of MASH were used to evaluate the crash tests reported herein, and are listed in further detail 
under the assessment of each crash test.   



TR No. 0-6639-13-1 11 2013-08-30 

CHAPTER 4.  CRASH TEST PROCEDURES 
 
 
4.1 TEST FACILITY 

 
The full-scale crash tests reported herein was performed at Texas A&M Transportation 

Institute (TTI) Proving Ground, an International Standards Organization (ISO) 17025 accredited 
laboratory with American Association for Laboratory Accreditation (A2LA) Mechanical Testing 
certificate 2821.01.  The full-scale crash tests were performed according to TTI Proving Ground 
quality procedures and according to MASH guidelines and standards. 
 

The TTI Proving Ground is a 2000-acre complex of research and training facilities 
located 10 miles northwest of the main campus of Texas A&M University.  The site, formerly an 
Air Force base, has large expanses of concrete runways and parking aprons well-suited for 
experimental research and testing in the areas of vehicle performance and handling, vehicle-
roadway interaction, durability and efficacy of highway pavements, and safety evaluation of 
roadside safety hardware.  The site selected for placement and testing of the portable roll-up 
signs evaluated under this project was an out-of-service concrete apron.  The apron consists of an 
unreinforced jointed-concrete pavement in 12.5-ft × 15--ft blocks nominally 6 inches deep.  The 
apron is over 60 years old, and the joints have some displacement, but are otherwise flat and 
level. 
 
 
4.2 VEHICLE TOW AND GUIDANCE PROCEDURES 
 

The test vehicles were towed into the test installation using a steel cable guidance and 
reverse tow system.  A steel cable for guiding the test vehicle was tensioned along the path, 
anchored at each end, and threaded through an attachment to the front wheel of the test vehicle.  
An additional steel cable was connected to the test vehicle, passed around a pulley near the 
impact point, through a pulley on the tow vehicle, and then anchored to the ground such that the 
tow vehicle moved away from the test site.  A two-to-one speed ratio between the test and tow 
vehicle existed with this system.  Just prior to impact with the installation, the test vehicle was 
released to be unrestrained.  The vehicle remained freewheeling (i.e., no steering or braking 
inputs) until it cleared the immediate area of the test site, after which the brakes were activated to 
bring it to a safe and controlled stop. 
 
 
4.3 DATA ACQUISITION SYSTEMS 
 
4.3.1 Vehicle Instrumentation 
 

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 71 and 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 vehicles used in the 
testing program were uninstrumented except for a remote controlled braking package installed 
for safety purposes.   
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4.3.2 Anthropomorphic Dummy Instrumentation 
 

An Alderson Research Laboratories Hybrid II, 50th percentile male anthropomorphic 
dummy, restrained with lap and shoulder belts, was placed in the driver’s position of each 1100C 
vehicle.  The dummy was uninstrumented.   
 
 
4.3.3 Photographic Instrumentation and Data Processing 
 

Photographic coverage of each test included two high-speed cameras: one placed with a 
field of view perpendicular to the vehicle path, and one placed behind the installation at an 
oblique angle.  A flashbulb activated by pressure-sensitive tape switches was positioned on the 
impacting vehicle to indicate the instant of contact with the installation and was visible from 
each camera.  The video from these high-speed cameras was analyzed on a computer-linked 
motion analyzer to observe phenomena occurring during the collision and to obtain time-event, 
displacement, and angular data.  A mini-DV camera and still cameras recorded and documented 
conditions of the test vehicle and installation before and after the test. 
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CHAPTER 5.  CRASH TEST RESULTS 
 
 
5.1 CRASH TEST NO. 466393-1 (MASH TEST 3-71) -- WITH SANDBAGS 
 
5.1.1 Test Designation and Actual Impact Conditions 
 

MASH Test 3-71 involves an 1100C vehicle weighing 2420 lb ±55 lb and impacting the 
portable roll-up sign support at an impact speed of 62.2 mi/h ±2.5 mi/h.  The centerline of the 
vehicle was aligned with the centerline of the roll-up sign.  The 2009 Kia Rio used in the test 
weighed 2443 lb and the actual impact speed and angle were 63.4 mi/h and 0 degrees, 
respectively.  The portable roll-up sign was impacted with the centerline of the vehicle aligned 
with the centerline of the device, with the device oriented 90 degrees to traffic flow. 
 
5.1.2 Test Vehicle 
 

The 2009 Kia Rio, shown in Figures 5.1 and 5.2, was used for the crash test.  Test inertia 
weight of the vehicle was 2443 lb, and its gross static weight was 2622 lb.  The height to the 
lower edge of the vehicle bumper was 6.75 inches, and the height to the upper edge of the 
bumper was 22.00 inches.  Table D1 in Appendix D gives additional dimensions and information 
on the vehicle.  The vehicle was directed into the installation using the cable reverse tow and 
guidance system, and was released to be freewheeling and unrestrained just prior to impact. 
 
5.1.3 Weather Conditions 
 

The test was performed on the morning of July 22, 2013.  Weather conditions at the time 
of testing were as follows: (a) wind speed: 11mi/h; (b) wind direction: 205 degrees with respect 
to the vehicle (vehicle was traveling in a northerly direction); (c) temperature: 86°F; (d) relative 
humidity: 73 percent. 
 
5.1.4 Test Description 
 

The 2009 Kia Rio, traveling at an impact speed of 63.4 mi/h, contacted the portable roll-
up sign with the centerline of the vehicle aligned with the centerline of the device, with the 
device oriented 90 degrees to traffic flow.  At approximately 0.037 s after impact, the fabric sign 
panel and support stays began to ride up on the hood of the vehicle, and at 0.057 s, the top of the 
fabric sign panel and upper supports had contacted the windshield.  The plastic sleeve at the top 
of the fabric sign panel and the top of the vertical stay punctured the windshield at 0.063 s.  The 
fabric sign panel and attached stays reached maximum penetration at 0.148 s and subsequently 
began to rotate out of the windshield.  At 0.208 s, the fabric sign panel and attached stays rode up 
the windshield and lost contact with the vehicle.  The speed of the vehicle at loss of contact was 
62.6 mi/h. The lower support base came to rest 1.4 ft downstream of impact.  The fabric sign 
panel and stays came to rest 75 ft downstream of impact, and the vehicle came to a stop 262 ft 
downstream of impact and 8 ft to the right (toward traffic lanes) after application of brakes.  
Figure E1 in Appendix E shows sequential photographs of the test period.    
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Figure 5.1.  Vehicle/Installation Geometrics for Test No. 466393-1. 
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Figure 5.2.  Vehicle before Test No. 466393-1. 



TR No. 0-6639-13-1 16 2013-08-30 

5.1.5 Damage to Test Installation 
 

Figures 5.3 and 5.4 show damage to the work zone traffic control device.  The fabric sign 
panel and stays separated from the lower base, contacted and penetrated the windshield, rode up 
and over the vehicle, and came to rest 75 ft downstream of impact.  The base of the temporary 
sign support came to rest 1.4 ft downstream of impact.  Two of the sandbags remained intact, one 
was torn open and emptied of sand, and the fourth was torn and partially emptied.   
 
 
5.1.6 Vehicle Damage 
 

Figure 5.5 shows damage to the 1100C vehicle.  The bottom of the front bumper cover 
was fractured, and the hood sustained scuff marks.  No measureable deformation was noted to 
the exterior hood or bumper.  The windshield was punctured/cut by the top corner of the sign 
panel, leaving a 2-inch × 1.5-inch hole.  The area around the puncture was depressed into the 
occupant compartment 1.5 inches, and the total area shattered measured 20 inches × 17.25 
inches.  Figure 5.6 shows the windshield damage from inside the occupant compartment.  Table 
D2 and D3 in Appendix D provides exterior crush and occupant compartment measurements.   
 
 
5.1.7 Occupant Risk Factors 
 

Previous full-scale crash tests have shown that the acceleration levels experienced by the 
vehicle during impact with lightweight, free-standing work zone traffic control devices weighing 
less than 220 lb were not significant. Consequently, MASH does not require instrumentation of 
the vehicle, and the occupant risk factors were not calculated for this test.  Figure 5.7 
summarizes pertinent information from the test.   
 
 
5.1.8 Assessment of Test Results 
 

An assessment of the test based on the applicable MASH safety evaluation criteria is 
provided below. 
 
5.1.8.1 Structural Adequacy 

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

 
Results: The portable roll-up sign yielded to the vehicle by breaking away from its 

base.  (PASS) 
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Figure 5.3.  After Impact Locations for Test No. 466393-1. 
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Figure 5.4.  Installation after Test No. 466393-1. 
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Figure 5.5.  Vehicle after Test No. 466393-1. 
  



TR No. 0-6639-13-1 20 2013-08-30 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.6.  Interior of Vehicle for Test No. 466393-1. 
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0.000 s 0.084 s 0.168 s 0.252 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 Transportation Institute (TTI) 
MASH Test 3-71 
466393-1 
2013-07-22 
 
Work Zone Traffic Control Device 
Portable Roll-Up Sign with sandbags 
1-ft mounting height 
Fabric sign substrate with carbon 
wrapped fiberglass stays and metal base 
ballasted with four 40-lb sandbags 
Placed on concrete surface, dry 

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

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

 
1100C 
2009 Kia Rio 
2459 lb 
2443 lb  
  179 lb 
2622 lb 
 
63.4 mi/h 
0 degrees 
90 degrees to traffic 
 
62.6 mi/h 
0 degrees 

Post-Impact Trajectory 
 Stopping Distance ......................   
 
Test Article Deflections 
 Fabric Sign & Upper Supports ....   
 Lower Support/Base ...................   
Vehicle Damage 
 VDS ............................................   
 CDC ...........................................   
 Max. Exterior Deformation ..........   
 OCDI ..........................................   
 Max. Occupant Compartment  
     Deformation ..........................   
 Windshield Damage ...................   

 
262 ft downstream 
8 ft toward traffic 
 
75 ft downstream 
1.4 ft downstream 
 
12FC1 
12FCGN6 
1.5 inches (windshield) 
FS0000000 
 
1.5 inches (windshield) 
Punctured  

Figure 5.7.  Summary of Results for MASH Test 3-71 on the Portable Roll-Up Sign with Sandbags. 
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5.1.8.2 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). 

 
Results: The detached fabric sign panel and attached stays rotated into and 

penetrated the windshield into the occupant compartment.  (FAIL) 
 
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. 

 
Results: The detached fabric sign panel momentarily blocked the driver’s vision, 

but for less than 0.1 seconds.  This short time frame would not affect the 
driver’s ability to control 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. 
 
Results: The 1100C vehicle remained upright during and after the collision event.  

(PASS) 
 
H.  Occupant impact velocities should satisfy the following: 

Longitudinal and Lateral Occupant Impact Velocity 
Preferred   Maximum 
10 ft/s    16.4 ft/s 

 
Results: The test vehicle was not instrumented based on the total weight of the test 

article being less than 220 lb. (N/A) 
 
I. Occupant ridedown accelerations should satisfy the following: 

Longitudinal and Lateral Occupant Ridedown Accelerations 
Preferred   Maximum 
15.0 Gs   20.49 Gs 

 
Results: The test vehicle was not instrumented based on the total weight of the test 

article being less than 220 lb. (N/A) 
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5.1.8.3 Vehicle Trajectory 
N.  Vehicle trajectory behind the test article is acceptable. 
 
Result: The 1100C vehicle came to rest 262 ft downstream of the impact position 

of the portable roll-up sign.  (PASS) 
 
 
5.2 CRASH TEST NO. 466393-2 (MASH TEST 3-71) -- WITHOUT SANDBAGS 
 

After failure of the initial design with sand bags, the same system was retested without 
sand bags.  The objective was to determine if the sand bags affect the interaction of the portable 
roll-up sign system with the vehicle.  It was hypothesized that the lighter weight sign stand (i.e., 
without the sand bags) could be accelerated more quickly and might delay release of the sign 
panel from the sign stand.   
 
5.2.1 Test Designation and Actual Impact Conditions 
 

MASH Test 3-71 involves an 1100C vehicle weighing 2420 lb ±55 lb and impacting the 
portable roll-up sign stand at an impact speed of 62.2 mi/h ±2.5 mi/h.  The centerline of the 
vehicle was aligned with the centerline of the roll-up sign.  The 2008 Kia Rio used in the test 
weighed 2437 lb and the actual impact speed and angle were 59.7 mi/h and 0 degrees, 
respectively.  The portable roll-up sign was impacted with the centerline of the vehicle aligned 
with the centerline of the device, with the device oriented 90 degrees to traffic flow. 
 
 
5.2.2 Test Vehicle 
 

The 2008 Kia Rio, shown in Figures 5.8 and 5.9, was used for the crash test.  Test inertia 
weight of the vehicle was 2437 lb, and its gross static weight was 2617 lb.  The height to the 
lower edge of the vehicle bumper was 6.75 inches, and the height to the upper edge of the 
bumper was 22.00 inches.  Table D4 in Appendix D gives additional dimensions and information 
on the vehicle.  The vehicle was directed into the installation using the cable reverse tow and 
guidance system, and was released to be freewheeling and unrestrained just prior to impact. 
 
 
5.2.3 Weather Conditions 
 

The test was performed on the afternoon of July 22, 2013.  Weather conditions at the time 
of testing were as follows:  (a) wind speed: 11mi/h; (b) wind direction: 179 degrees with respect 
to the vehicle (vehicle was traveling in a northerly direction); (c) temperature: 94°F; (d) relative 
humidity: 55 percent. 
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Figure 5.8.  Vehicle/Installation Geometrics for Test No. 466393-2. 
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Figure 5.9.  Vehicle before Test No. 466393-2. 
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5.2.4 Test Description 
 

The 2008 Kia Rio, traveling at an impact speed of 59.7 mi/h, contacted the portable roll-
up sign with the centerline of the vehicle aligned with the centerline of the device, and with the 
device oriented 90 degrees to traffic flow.  At approximately 0.051 s after impact, the fabric sign 
panel and stays began to ride up on the hood of the vehicle, and at 0.059 s, the top of the fabric 
sign panel and upper supports had contacted the windshield.  The top corner of the fabric sign, 
along with the plastic pockets and stays punctured the windshield at 0.068 s.  The fabric sign 
panel and attached stays reached maximum penetration at 0.146 s, and subsequently began to 
rotate out of the windshield.  At 0.250 s, the fabric sign panel and stays rode up the windshield 
and lost contact with the vehicle. The lower support base rode under the vehicle for a time and 
came to rest 158 ft downstream of impact and 6 ft to the left.  The fabric sign panel and attached 
stays came to rest 65 ft downstream of impact and 18 ft to the right.  After application of the 
brakes, the vehicle came to a stop 210 ft downstream of impact and 3 ft to the right.  Figure E2 in 
Appendix E shows sequential photographs of the test period. 
 
 
5.2.5 Damage to Test Installation 
 

Figures 5.10 and 5.11 show damage to the roll-up sign stand.  The fabric sign panel and 
stays separated from the lower base, contacted and penetrated the windshield, rode up and over 
the vehicle and came to rest 65 ft downstream of impact.  The base of the sign came to rest 158 ft 
downstream of impact.   
 
 
5.2.6 Vehicle Damage 
 

Figure 5.12 shows damage to the 1100C vehicle.  The hood sustained scuff marks.  No 
measureable deformation was noted to the exterior hood or bumper.  The windshield had a 4-
inch × 1.5-inch hole.  The area around the hole was depressed into the occupant compartment 1.5 
inches, and the total shattered area on the windshield measured 15 inches × 13 inches.  Figure 
5.13 shows the windshield damage from inside the occupant compartment.  Table D5 and D6 in 
Appendix D provides exterior crush and occupant compartment measurements.   

 
 
 
5.2.7 Occupant Risk Factors 
 

Previous full-scale crash tests have shown that the acceleration levels experienced by the 
vehicle during impact with lightweight, free-standing work zone traffic control devices weighing 
less than 220 lb were not significant. Consequently, MASH does not require instrumentation of 
the vehicle, and the occupant risk factors were not calculated for this test.  Figure 5.14 
summarizes pertinent information from the test.   
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Figure 5.10.  After Impact Locations for Test No. 466393-2. 
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Figure 5.11.  Installation after Test No. 466393-2. 
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Figure 5.12.  Vehicle after Test No. 466393-2. 
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Figure 5.13.  Interior of Vehicle for Test No. 466393-2. 
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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 Height ..................   
 Material or Key Elements ......   
 
 
Soil Type and Condition .........   
 

 
Texas Transportation Institute (TTI) 
MASH Test 3-71 
466393-2 
2013-07-22 
 
Work Zone Traffic Control Device 
Portable Roll-Up Sign without sandbags 
1-ft mounting height 
Fabric sign substrate with carbon wrapped 
fiberglass stays and metal base ballasted 
with four 40-lb sandbags 
Placed on concrete surface, dry 

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

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

 
1100C 
2008 Kia Rio 
2301 lb 
2437 lb 
  180 lb 
2617 lb 
 
59.7 mi/h 
0 degrees 
90 degrees to traffic 
 
58.9 mi/h 
0 degrees 

Post-Impact Trajectory 
 Stopping Distance ....................   
 
Test Article Deflections 
 Fabric Sign & Upper Supports ..   
 Lower Support/Base .................   
Vehicle Damage 
 VDS ..........................................   
 CDC .........................................   
 Max. Exterior Deformation ........   
 OCDI ........................................   
 Max. Occupant Compartment  
     Deformation ........................   
 Windshield Damage .................   

 
210 ft downstream 
3 ft toward traffic 
 
65 ft downstream 
158 ft downstream 
 
12FC1 
12FCGN6 
1.5 inches (windshield) 
FS0000000 
 
1.5 inches (windshield) 
Punctured  

Figure 5.14.  Summary of Results for MASH Test 3-71 on the Portable Roll-Up Sign without Sandbags. 
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5.2.8 Assessment of Test Results 
 

An assessment of the test based on the applicable MASH safety evaluation criteria is 
provided below. 
 
5.2.8.1 Structural Adequacy 

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

 
Results: The portable roll-up sign yielded to the vehicle by breaking away from the 

base.  (PASS) 
 
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). 

 
Results: The detached fabric sign panel and attached stays rotated into and 

penetrated the windshield into the occupant compartment.  (FAIL) 
 
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. 

 
Results: The detached fabric sign panel momentarily blocked the driver’s vision, 

but for less than 0.1 seconds.  This short time frame would not affect the 
driver’s ability to control 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. 
 
Results: The 1100C vehicle remained upright during and after the collision event.  

(PASS) 
 
I.  Occupant impact velocities should satisfy the following: 

Longitudinal and Lateral Occupant Impact Velocity 
Preferred   Maximum 
10 ft/s    16.4 ft/s 
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Results: The test vehicle was not instrumented based on the total weight of the test 
article being less than 220 lb. (N/A) 

 
I. Occupant ridedown accelerations should satisfy the following: 

Longitudinal and Lateral Occupant Ridedown Accelerations 
Preferred   Maximum 
15.0 Gs   20.49 Gs 

 
Results: The test vehicle was not instrumented based on the total weight of the test 

article being less than 220 lb. (N/A) 
 

5.2.8.3 Vehicle Trajectory 
N.  Vehicle trajectory behind the test article is acceptable. 
 
Result: The 1100C vehicle came to rest 210 ft downstream of the impact position 

of the portable roll-up sign.   
 
 
5.3 CRASH TEST NO. 466393-3 (MASH TEST 3-71) – MODIFIED WITH 

SANDBAGS 
 
 After failure of the initial design, the portable roll-up sign system was modified.  A 
⅜-inch diameter bolt passed through the sign stand bracket and vertical fiberglass stay as shown 
in Figure 5.15.  The objective of the modification was to delay or prevent release of the sign and, 
thereby, reduce or eliminate its interaction with the windshield.   
 
5.3.1 Test Designation and Actual Impact Conditions 
 

MASH Test 3-71 involves an 1100C vehicle weighing 2420 lb ±55 lb and impacting the 
portable roll-up sign support at an impact speed of 62.2 mi/h ±2.5 mi/h.  In this test, two separate 
devices were impacted.  The first sign was oriented perpendicular to the path of the vehicle and 
the second was placed 30 ft downstream and oriented parallel to the path of the vehicle.  The 
centerline of the vehicle was aligned with the centerline of each roll-up sign.  The 2008 Kia Rio 
used in the test weighed 2442 lb.  The actual impact speed and angle were 62.6 mi/h and 
0 degrees for the first sign, 61.1 mi/h and 0 degrees for the second sign, respectively.  The 
portable roll-up signs were sequentially impacted with the centerline of the vehicle aligned with 
the centerline of the signs. 

 

  
Figure 5.15.  Bolt Added Through Stand Bracket and Vertical Stay. 
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5.3.2 Test Vehicle 
 

The 2008 Kia Rio, shown in Figures 5.16 and 5.17, was used for the crash test.  Test 
inertia weight of the vehicle was 2442 lb, and its gross static weight was 2617 lb.  The height to 
the lower edge of the vehicle bumper was 6.75 inches, and the height to the upper edge of the 
bumper was 21.25 inches.  Table D7 in Appendix D gives additional dimensions and information 
on the vehicle.  The vehicle was directed into the installation using the cable reverse tow and 
guidance system, and was released to be freewheeling and unrestrained just prior to impact. 
 
 
5.3.3 Weather Conditions 
 

The test was performed on the morning of August 23, 2013.  Weather conditions at the 
time of testing were as follows:  (a) wind speed: 5 mi/h; (b) wind direction: 168 degrees with 
respect to the vehicle (vehicle was traveling in a northerly direction); (c) temperature: 96°F; (d) 
relative humidity: 52 percent. 
 
 
5.3.4 Test Description 
 

The 2008 Kia Rio, traveling at an impact speed of 62.6 mi/h, contacted the first portable 
roll-up sign with the centerline of the vehicle aligned with the centerline of the device, with the 
device oriented perpendicular to the path of the vehicle.  Shortly after impact, the fabric sign 
panel and fiberglass stays wrapped around the hood of the vehicle.  As the vehicle proceeded to 
ride over the sign stand, the connection bolt through the sign bracket and vertical fiberglass stay 
kept the fiberglass stays from releasing.  The stays pulled out of the fabric roll-up sign substrate, 
and the plastic pocket at the top corner of the roll-up sign struck the bottom of the windshield.  
The prolonged contact with the stays caused the stand to rotate as the vehicle was passing over it.  
As the sign stand rotated, one of the legs of the stand punctured the gas tank of the vehicle.   The 
sign stand rode under the vehicle for a time and came to rest 35 ft downstream of impact.  The 
fabric sign panel remained draped across the hood of the vehicle as the vehicle approached and 
impacted the second portable roll-up sign support system. 

 

The 2008 Kia Rio, traveling at an impact speed of 61.1 mi/h, contacted the second 
portable roll-up sign with the centerline of the vehicle aligned with the centerline of the device, 
with the device oriented parallel to the path of the vehicle.  The fabric roll-up sign from the first 
sign system contacted the bottom edge of the fabric roll-up sign of the second sign support 
system just before impact.  Immediately thereafter, the second fabric sign wrapped around the 
bumper and hood of the vehicle.  Upon review of high-speed film, researchers concluded that the 
first fabric roll-up sign did not interfere with or influence the behavior or trajectory of the send 
sign system.  As the vehicle progressed over the sign stand, the stays remained attached to the 
stand and were pulled out of the fabric roll-up sign.  The plastic corner pocket at the top corner 
of the sign panel released from the fabric sign and struck the middle of the windshield.  There 
was not direct contact between the fabric sign panel and the windshield of the vehicle.   

 

Brakes were applied, and the vehicle came to a stop at 238 ft downstream of impact of 
the initial impact point with the first portable sign support system.    
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Figure 5.16.  Vehicle/Installation Geometrics for Test No. 466393-3. 
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Figure 5.17.  Vehicle before Test No. 466393-3. 
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5.3.5 Damage to Test Installation 
 

Figures 5.18 and 5.19 show damage to the work zone traffic control device.  The fabric 
sign panels separated from each of the lower bases.  The plastic corner pocket at the top corner 
of the sign panel released from the fabric sign and struck the middle of the windshield.  The 
fabric sign panels then rode up and over the vehicle.  The base of the first work zone traffic 
control device came to rest 35 ft downstream of impact, and the second base came to rest 75 ft 
downstream of impact.   
 
 
5.3.6 Vehicle Damage 
 

Figure 5.20 shows damage to the 1100C vehicle.  The hood sustained scuff marks.  No 
measureable deformation was noted to the exterior hood or bumper.  Contact with the top corner 
of the first fabric roll-up sign panel caused the windshield to shatter over an area measuring 
3 inches × 3.5 inches.  This area was deformed toward the occupant compartment 0.75 inches, 
but there was no penetration or tear of the plastic liner.  Contact of the plastic corner pocket from 
the second roll-up sign caused cracking of the windshield in two other small areas measuring 
2.5-inch × 2-inch and 1.5-inch × 1-inch.  There was no deformation of these areas into the 
occupant compartment.  The gas tank had a puncture measuring 1.85 inches × 0.26 inch.  
Figure 5.21 shows the damage to the gas tank.  Table D8 and D9 in Appendix D provides 
exterior crush and occupant compartment measurements. 
 
 
5.3.7 Occupant Risk Factors 
 

Previous full-scale crash tests have shown that the acceleration levels experienced by the 
vehicle during impact with lightweight, free-standing work zone traffic control devices weighing 
less than 220 lb were not significant. Consequently, MASH does not require instrumentation of 
the vehicle, and the occupant risk factors were not calculated for this test.  Figure 5.22 
summarizes pertinent information from the test.   
 
 
5.3.8 Assessment of Test Results – Sign Perpendicular to Path of Vehicle (First Impact) 
 

An assessment of the test based on the applicable MASH safety evaluation criteria is 
provided below. 
 
5.3.8.1 Structural Adequacy 

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

 
Results: The portable roll-up sign yielded to the vehicle.  (PASS) 
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Figure 5.18.  After Impact Locations for Test No. 466393-3. 
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Figure 5.19.  Installation after Test No. 466393-3.  
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Figure 5.20.  Vehicle after Test No. 466393-3. 
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Figure 5.21.  Vehicle Gas Tank after Test No. 466393-3. 
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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 Transportation Institute (TTI) 
MASH Test 3-71 
466393-3 
2013-08-23 
 
Work Zone Traffic Control Device 
Modified Portable Roll-Up Sign with 
sandbags 
1-ft mounting height 
Fabric sign substrate with carbon 
wrapped fiberglass stays bolted to metal 
base ballasted with four 40-lb sandbags 
Placed on concrete surface, dry 

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

  Curb ............................   
 Test Inertial .................   
 Dummy ........................   
 Gross Static .................   
Impact Conditions 
 Speed (first sign) .........   
 Speed (second sign) ....   
 Angle ...........................   
 Location/Orientation ....   
Exit Conditions 
 Speed ..........................   
 Angle ...........................   

 
1100C 
2008 Kia Rio 
2427 lb 
2442 lb 
  175 lb 
2617 lb 
 
62.6 mi/h 
61.6 mi/h 
0 degrees 
90 degrees to traffic 
 
 
2 degrees 

Post-Impact Trajectory 
 Stopping Distance ....................   
Test Article Deflections 
 Fabric Sign & Upper Supports ..   
 Lower Support/Base .................   
Vehicle Damage 
 VDS ..........................................   
 CDC .........................................   
 Max. Exterior Deformation ........   
 OCDI ........................................   
 Max. Occupant Compartment  
     Deformation ........................   
 Windshield Damage .................   
 Damage to Gas Tank ...............   

 
238 ft downstream 
 
75 ft downstream 
35 ft downstream 
 
12FC1 
12FCGN6 
0.75 inches (windshield) 
FS0000000 
 
0.75 inches (windshield) 
Shattered 0.75 inch inward 
Punctured 1.8x0.26 inches 

 

Figure 5.22.  Summary of Results for MASH Test 3-71 on the Modified Portable Roll-Up Sign with Sandbags.
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5.3.8.2 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). 

 
Results: The fiberglass stays pulled out of the fabric roll-up sign panel and the top 

corner of the fabric sign and its plastic pocket contacted the windshield.  
The windshield was depressed toward the occupant compartment 0.75 
inches and there was no penetration of the plastic liner.  (PASS) 

 
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. 

 
Results: The detached fabric sign panel did not block the driver’s vision nor affect 

the driver’s ability to control 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. 
 
Results: The 1100C vehicle remained upright during and after the collision event.  

(PASS) 
 
J.  Occupant impact velocities should satisfy the following: 

Longitudinal and Lateral Occupant Impact Velocity 
Preferred   Maximum 
10 ft/s    16.4 ft/s 

 
Results: The test vehicle was not instrumented based on the total weight of the test 

article being less than 220 lb. (N/A) 
 
I. Occupant ridedown accelerations should satisfy the following: 

Longitudinal and Lateral Occupant Ridedown Accelerations 
Preferred   Maximum 
15.0 Gs   20.49 Gs 

 
Results: The test vehicle was not instrumented based on the total weight of the test 

article being less than 220 lb. (N/A) 
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5.3.8.3 Vehicle Trajectory 
N.  Vehicle trajectory behind the test article is acceptable. 
 
Result: The 1100C vehicle came to rest 238 ft downstream of the impact point 

with the first portable roll-up sign.   
 
 
5.3.9 Assessment of Test Results – Sign Parallel to Path of Vehicle (Second Impact) 
 

An assessment of the test based on the applicable MASH safety evaluation criteria is 
provided below. 
 
5.3.9.1 Structural Adequacy 

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

 
Results: The portable roll-up sign yielded to the vehicle.  (PASS) 

 
5.3.9.2 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). 

 
Results: The sign panel never contacted the windshield.  The plastic pocket at the 

top corner of the sign panel released and contacted the windshield causing 
some cracking over a small area.  There was no deformation of the 
windshield toward the occupant compartment and no penetration of the 
plastic liner.  (PASS) 

 
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. 

 
Results: The detached fabric sign panel did not block the driver’s vision nor affect 

the driver’s ability to control 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. 
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Results: The 1100C vehicle remained upright during and after the collision event.  
(PASS) 

 
K.  Occupant impact velocities should satisfy the following: 

Longitudinal and Lateral Occupant Impact Velocity 
Preferred   Maximum 
10 ft/s    16.4 ft/s 

 
Results: The test vehicle was not instrumented based on the total weight of the test 

article being less than 220 lb. (N/A) 
 
I. Occupant ridedown accelerations should satisfy the following: 

Longitudinal and Lateral Occupant Ridedown Accelerations 
Preferred   Maximum 
15.0 Gs   20.49 Gs 

 
Results: The test vehicle was not instrumented based on the total weight of the test 

article being less than 220 lb. (N/A) 
 

5.3.9.3 Vehicle Trajectory 
N.  Vehicle trajectory behind the test article is acceptable. 
 
Result: The 1100C vehicle came to rest 238 ft downstream of the impact point 

with the first portable roll-up sign.   
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CHAPTER 6. SUMMARY AND CONCLUSIONS 
 
 

Current portable roll-up signs have experienced field problems when subjected to high 
winds.  In windy conditions typical of the Texas coast and panhandle, the rollup sign panels lay 
back to a point that they become illegible.  In more extreme conditions, the support can blow 
over or the fiberglass stays can break.  Under project 0-6399, research was performed by Texas 
Tech University to identify alternative materials to support flexible, roll-up sign substrates that 
will improve their performance in windy conditions.   

 
The new design incorporates carbon fiber wraps around selected portions of the fiberglass 

support stays to increase their torsional stiffness without appreciably changing their bending 
stiffness.  A prototype portable sign support system was submitted to TTI for full-scale crash 
testing and evaluation in accordance with MASH guidelines.   
 
 
6.1 INITIAL PORTABLE ROLL-UP SIGN STAND SYSTEM 
 

The portable roll-up sign yielded was initially tested with sand bags placed on each of the 
four legs of the sign stand as ballast.  This is how these devices are typically deployed in areas 
such as the Texas panhandle that are subject to high winds.  The test involved a small passenger 
car impacting the portable sign support head-on with the sign oriented perpendicular to the path 
of the impacting vehicle.  The roll-up sign pulled out of the sign stand and contacted the 
windshield of the vehicle.  The top corner of the sign panel penetrated the windshield, causing 
the system to fail Evaluation Criterion D of MASH.  A summary of the test results in presented in 
Table 6.1. 

 
After failure of the initial crash test, the same system was retested without sand bags to 

determine if the presence of sand bags affects the interaction of the portable roll-up sign system 
with the vehicle.  Many portable sign systems have been tested without additional ballast.  
Testing without ballast might permit the sign stand to be accelerated more quickly and, thereby, 
delay release of the sign panel from the sign stand.  The test involved a small passenger car 
impacting the portable sign support head-on with the sign oriented perpendicular to the path of 
the impacting vehicle.  The behavior of the sign support system was very similar to that observed 
in the test with sand bags.  The roll-up sign pulled out of the sign stand and contacted the 
windshield of the vehicle.  The top corner of the sign panel penetrated the windshield, causing 
the system to fail Evaluation Criterion D of MASH.  A summary of the test results in presented in 
Table 6.2. 

 
 

6.2 MODIFIED PORTABLE ROLL-UP SIGN STAND SYSTEM 
 

After failure of the initial design, the portable roll-up sign system was modified.  A 3/8-
inch diameter bolt was inserted through the sign stand bracket and vertical fiberglass stay.  The 
purpose of the modification was to delay or prevent release of the sign panel from the sign stand 
and, thereby, reduce or eliminate interaction of the sign panel with the windshield.   
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In this test, two separate modified portable roll-up sign systems were impacted.  The first 
sign was oriented perpendicular to the path of the vehicle and the second was placed 30 ft 
downstream and oriented parallel to the path of the vehicle.  The test involved a small passenger 
car impacting the signs sequentially.  As the vehicle proceeded to ride over the sign stand, the 
connection bolt through the sign bracket and vertical fiberglass stay kept the fiberglass stays 
from releasing.  The stays pulled out of the fabric roll-up sign substrate, and the plastic pocket at 
the top corner of the roll-up sign struck the bottom of the windshield.  The windshield was 
shattered and deformed inward toward the occupant compartment 0.75 inches.  However, there 
was no penetration of the plastic liner, and the modified portable roll-up sign support orientated 
perpendicular to the path of the vehicle satisfied MASH evaluation criteria as summarized in 
Table 6.3. 

 
It should be noted that the added connection bolt resulted in prolonged contact of the 

vehicle with the vertical fiberglass stay.  As the sign stand rotated as a result of this interaction, 
one of the legs of the stand punctured a hole in the gas tank of the vehicle.  MASH states: 

 
“Although not a specific factor in assessing test results, integrity of the test 

vehicle’s fuel tank is a potential concern.  It is preferable that the fuel tank 
remains intact and not be punctured.  Damage to, or rupture of, the fuel tank, oil 
pan, or other features that might serve as a surrogate of a fuel tank should be 
reported.” 
 
The fabric roll-up sign from the first sign system was carried along on the hood of the 

vehicle and it contacted the bottom edge of the fabric roll-up sign of the second sign support 
system just before impact.  However, upon review of high-speed film, researchers concluded that 
the first fabric roll-up sign did not interfere with or influence the behavior or trajectory of the 
second sign system.  As the vehicle progressed over the sign stand, the stays remained attached 
to the stand and were pulled out of the fabric roll-up sign.  The plastic corner pocket at the top 
corner of the sign panel released from the fabric sign and struck the middle of the windshield.  
Although there was some cracking, there was no deformation of the windshield toward the 
occupant compartment and no penetration of the plastic liner.  As summarized in Table 6.4, the 
modified portable roll-up sign support orientated parallel to the path of the vehicle satisfied 
MASH evaluation criteria. 
 
 



TR
 N

o. 0-6639-13-1  
49 

2013-08-30 
 

 

Table 6.1.  Performance Evaluation Summary for MASH Test 3-71 on the Portable Roll-Up Sign with Sandbags. 
 

Test Agency:  Texas Transportation Institute Test No.:  466393-1   Test Date:  2013-07-22 
MASH Test 3-71 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 portable roll-up sign yielded to the vehicle 
by breaking away from the base.   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.  Deformations of, or 
intrusions into, the occupant compartment should not 
exceed limits set forth in Section 5.3 and Appendix E of 
MASH. 

The detached fabric sign panel and attached stays 
rotated into and penetrated the windshield into 
the occupant compartment.   

Fail 

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 detached fabric sign panel momentarily 
blocked the driver’s vision, but for less than 0.1 
seconds.  This short time frame would not affect 
the driver’s ability to control 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 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. 

The test vehicle was not instrumented based on 
the total weight of the test article being less than 
220 lb.  

N/A 

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. 

N/A 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 262 ft 

downstream of the impact position of the 
portable roll-up sign. 

Pass 
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Table 6.2.  Performance Evaluation Summary for MASH Test 3-71 on the Portable Roll-Up Sign without Sandbags. 
 

Test Agency:  Texas Transportation Institute Test No.:  466393-2   Test Date:  2013-07-22 
MASH Test 3-71 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 portable roll-up sign yielded to the vehicle 
by breaking away from the base.   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.  Deformations of, or 
intrusions into, the occupant compartment should not 
exceed limits set forth in Section 5.3 and Appendix E of 
MASH. 

The detached fabric sign panel and attached stays 
rotated into and penetrated the windshield into 
the occupant compartment.   

Fail 

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 detached fabric sign panel momentarily 
blocked the driver’s vision, but for less than 0.1 
seconds.  This short time frame would not affect 
the driver’s ability to control 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 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. 

The test vehicle was not instrumented based on 
the total weight of the test article being less than 
220 lb.  

N/A 

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. 

N/A 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 210 ft 

downstream of the impact position of the 
portable roll-up sign.   

Pass 
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Table 6.3.  Performance Evaluation Summary for MASH Test 3-71 on Modified Portable Roll-Up Sign with Sandbags – Sign 
Perpendicular to Path of Vehicle (First Impact). 

 

Test Agency:  Texas Transportation Institute Test No.:  466393-3   Test Date:  2013-08-23 
MASH Test 3-71 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 portable roll-up sign yielded to the 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 fiberglass stays pulled out of the fabric roll-
up sign panel and the top corner of the fabric 
sign and its plastic pocket contacted the 
windshield.   

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 depressed toward the 
occupant compartment 0.75 inches and there was 
no penetration of the plastic liner.   

Pass 

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 detached fabric sign panel did not block the 
driver’s vision nor affect the driver’s ability to 
control 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 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. 

The test vehicle was not instrumented based on 
the total weight of the test article being less than 
220 lb. 

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. 

Pass 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 238 ft downstream 

of the impact position of the portable roll-up sign. Pass 
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Table 6.4.  Performance Evaluation Summary for MASH Test 3-71 on Modified Portable Roll-Up Sign with Sandbags – Sign 
Parallel to Path of Vehicle (Second Impact). 

 

Test Agency:  Texas Transportation Institute Test No.:  466393-3   Test Date:  2013-08-23 
MASH Test 3-71 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 portable roll-up sign yielded to the 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 plastic pocket at the top corner of the sign 
panel released and contacted the windshield 
causing some cracking over a small 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. 

There was no deformation of the windshield 
toward the occupant compartment and no 
penetration of the plastic liner. 

Pass 

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 detached fabric sign panel did not block the 
driver’s vision nor affect the driver’s ability to 
control 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 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. 

The test vehicle was not instrumented based on 
the total weight of the test article being less than 
220 lb. 

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. 

Pass 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 238 ft downstream 

of the impact position of the portable roll-up sign. Pass 
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CHAPTER 7. IMPLEMENTATION STATEMENT 
 
 

Portable roll-up signs are routinely used by TxDOT for short-term, daytime 
maintenance/construction activities and emergency operations.  These flexible fabric signs are 
supported by fiberglass frames attached to a multi-leg base. In windy conditions typical of the 
Texas coast and panhandle, the rollup sign panels can lay back to a point that they become 
illegible. In more extreme conditions, the support can blow over or the fiberglass stays can break. 

 
There is a direct cost associated with having to reset signs that blow down and replace 

those that fail.  Additionally, these activities increase exposure for the maintenance personnel 
performing the work, and temporary loss of a sign and the information it is intended to convey 
could potentially pose a safety concern for both work zone personnel and the motoring public.   

 
Under research project 0-6399, design modifications were developed to improve the 

performance of the sign support in windy conditions and reduce wind-induced failures.  The 
crashworthiness of the modified portable roll-up sign support system was evaluated through a 
series of full-scale crash tests.  

 
When a 3/8-inch diameter bolt was used to retain the vertical fiberglass stay and prevent 

it from separating from the sign stand, the modified design satisfied MASH evaluation criteria.  
Therefore, the portable sign support system with carbon wrapped fiberglass stays and a retaining 
bolt as tested and described herein, is considered suitable for implementation and further field 
evaluation.  It should be noted that the use of the retaining bolt caused rotation of the sign stand 
during impact and resulted in one of the legs of the sign stand puncturing a hole in the gas tank 
of the impacting vehicle.  Although this is not a specific factor in assessing test results, MASH 
states that it is preferable that the fuel tank remains intact and not be punctured.  Any field 
implementation of this design should be done with knowledge and consideration of this behavior. 
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APPENDIX B.  MATERIAL SPECIFICATIONS FOR SIGN SHEETING 
 
 
 
  



TR No. 0-6639-13-1 66 2013-08-30 

 
  



TR No. 0-6639-13-1 67 2013-08-30 

 
  



TR No. 0-6639-13-1 68 2013-08-30 

 
  



TR No. 0-6639-13-1 69 2013-08-30 

 
  



TR No. 0-6639-13-1 70 2013-08-30 

 



TR No. 0-6639-13-1 71 2013-08-30 

APPENDIX C.  ENGINEERING PROPERTIES  
OF THE CARBON FIBER STAYS 
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APPENDIX D.  TEST VEHICLE PROPERTIES AND INFORMATION 
 

Table D1.  Vehicle Properties for Test No. 466393-1. 
 
Date: 2013-07-22 Test No.: 466393-1 VIN No.: KNADE223996535907 
 
Year: 2009 Make: Kia Model: Rio 
 
Tire Inflation Pressure: 32 psi Odometer: 96956 Tire Size: 165/65R14 
 
Describe any damage to the vehicle prior to test:   

  
 

 

 

Geometry:     inches 
A 66.38   F 33.00   K 11.75   P 4.12   U ---- 
B 57.75   G ----   L 25.25   Q 22.18   V ---- 
C 165.75   H 34.44   M 57.75   R 15.38   W ---- 
D 34.00   I 6.75   N 57.12   S 8.00   X ---- 
E 98.75   J 22.00   O 31.25   T 66.12     
Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11.00  

 

 

Mass Distribution: 
     lb LF: 798  RF: 793  LR: 421  RR: 431  

• Denotes accelerometer location. 
  
NOTES:  
  
  
  
Engine Type: 4 cylinder 
Engine CID: 4.6 liter 
Transmission Type: 
 x Auto        or   Manual 
 x FWD  RWD  4WD 
Optional Equipment: 
  
  
 
Dummy Data:  
  Type: 50th percentile male 
  Mass: 179 lb 
  Seat Position: Driver 

GVWR Ratings:  Mass:  lb  Curb   Test Inertial   Gross Static 
Front 1918     Mfront  1603   1591   1675 
Back 1874     Mrear  856   852   947 
Total 3638     MTotal  2459   2443   2622 
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Table D2.  Exterior Crush Measurements for Test No. 466393-1. 
 
Date: 2013-07-22 Test No.: 466393-1 VIN No.: KNADE223996535907 
 
Year: 2009 Make: Kia Model: Rio 
 

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 Slight scuff marks up the hood 

            

            

            

 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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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 D3.  Occupant Compartment Measurements for Test No. 466393-1. 
 
Date: 2013-07-22 Test No.: 466393-1 VIN No.: KNADE223996535907 
 
Year: 2009 Make: Kia Model: Rio 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Lateral area across the cab from driver’s side kick panel to passenger’s side kick panel. 
 
  

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT 
  Before  After 
  (inches)  (inches) 

A1  67.75  67.75 
A2  67.25  67.25 
A3  67.50  67.50 
B1  40.50  40.50 
B2  36.50  36.50 
B3  40.50  40.50 
B4  36.25  36.25 
B5  37.25  37.25 
B6  36.25  36.25 
C1  27.00  27.00 
C2  ----  ---- 
C3  27.50  27.50 
D1  9.75  9.75 
D2  ----  ---- 
D3  9.75  9.75 
E1  48.25  48.25 
E2  51.00  51.00 
F  50.00  50.00 
G  50.00  50.00 
H  36.50  36.50 
I  36.50  36.50 
J*  51.00  51.00 
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Table D4.  Vehicle Properties for Test No. 466393-2. 
 
Date: 2013-07-22 Test No.: 466393-2 VIN No.: KNADE123786431909 
 
Year: 2008 Make: Kia Model: Rio 
 
Tire Inflation Pressure: 32 psi Odometer: 64862 Tire Size: 165/65R14 
 
Describe any damage to the vehicle prior to test:   

  
 

 

 

Geometry:     inches 
A 66.38   F 33.00   K 11.75   P 4.12   U ---- 
B 57.75   G ----   L 25.25   Q 22.18   V ---- 
C 165.75   H 40.16   M 57.75   R 15.38   W ---- 
D 34.00   I 6.75   N 52.12   S 8.00   X ---- 
E 98.75   J 22.00   O 31.35   T 66.12    ---- 
Wheel Center Ht Front  Wheel Center Ht Rear   

 

 

Mass Distribution: 
     lb LF: 732  RF: 714  LR: 493  RR: 498  

• Denotes accelerometer location. 
  
NOTES:  
  
  
  
Engine Type: 4 cylinder 
Engine CID: 1.6 liter 
Transmission Type: 
 x Auto        or   Manual 
 x FWD  RWD  4WD 
Optional Equipment: 
  
  
 
Dummy Data:  
  Type: 50th percentile male 
  Mass: 180 lb 
  Seat Position: Driver 

GVWR Ratings:  Mass:  lb  Curb   Test Inertial   Gross Static 
Front 1918     Mfront  1440   1446   1541 
Back 1874     Mrear  861   991   1076 
Total 3638     MTotal  2301   2437   2617 
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Table D5.  Exterior Crush Measurements for Test No. 466393-2. 
 
Date: 2013-07-22 Test No.: 466393-2 VIN No.: KNADE123786431909 
 
Year: 2008 Make: Kia Model: Rio 
 

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 Slight scuff marks up the hood 

            

            

            

 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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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 D6.  Occupant Compartment Measurements for Test No. 466393-2. 
 
Date: 2013-07-22 Test No.: 466393-2 VIN No.: KNADE123786431909 
 
Year: 2008 Make: Kia Model: Rio 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Lateral area across the cab from driver’s side kick panel to passenger’s side kick panel. 
  

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT 
  Before  After 
  (inches)  (inches) 

A1  67.75  67.75 
A2  67.25  67.25 
A3  67.50  67.50 
B1  40.50  40.50 
B2  36.50  36.50 
B3  40.50  40.50 
B4  36.25  36.25 
B5  37.25  37.25 
B6  36.25  36.25 
C1  27.00  27.00 
C2  ----  ---- 
C3  27.50  27.50 
D1  9.75  9.75 
D2  ----  ---- 
D3  9.75  9.75 
E1  48.25  48.25 
E2  51.00  51.00 
F  50.00  50.00 
G  50.00  50.00 
H  36.50  36.50 
I  36.50  36.50 
J*  51.00  51.00 
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Table D7.  Vehicle Properties for Test No. 466393-3. 
 
Date: 2013-08-23 Test No.: 466393-2 VIN No.: KNADE123286429839 
 
Year: 2008 Make: Kia Model: Rio 
 
Tire Inflation Pressure: 32 psi Odometer: 257961 Tire Size: 165/65R14 
 
Describe any damage to the vehicle prior to test:   

  
 

 

 

Geometry:     inches 
A 66.38   F 33.00   K 11.00   P 4.12   U ---- 
B 58.00   G ----   L 24.00   Q 22.18   V ---- 
C 165.75   H 39.54   M 57.75   R 15.38   W ---- 
D 34.00   I 6.75   N 52.12   S 8.00   X ---- 
E 98.75   J 21.25   O 28.25   T 66.12    ---- 
Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11.00  

 

 

Mass Distribution: 
     lb LF: 744  RF: 724  LR: 417  RR: 442  

• Denotes accelerometer location. 
  
NOTES:  
  
  
  
Engine Type: 4 cylinder 
Engine CID: 1.6 liter 
Transmission Type: 
 x Auto        or   Manual 
 x FWD  RWD  4WD 
Optional Equipment: 
  
  
 
Dummy Data:  
  Type: 50th percentile male 
  Mass: 175 lb 
  Seat Position: Driver 

GVWR Ratings:  Mass:  lb  Curb   Test Inertial   Gross Static 
Front 1918     Mfront  1468   1464   1553 
Back 1874     Mrear  859   978   1064 
Total 3638     MTotal  2327   2442   2617 
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Table D8.  Exterior Crush Measurements for Test No. 466393-3. 
 
Date: 2013-08-23 Test No.: 466393-2 VIN No.: KNADE123286429839 
 
Year: 2008 Make: Kia Model: Rio 
 

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 Slight scuff marks up the hood 

            

            

            

 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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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 D9.  Occupant Compartment Measurements for Test No. 466393-3. 
 
Date: 2013-08-23 Test No.: 466393-2 VIN No.: KNADE123286429839 
 
Year: 2008 Make: Kia Model: Rio 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Lateral area across the cab from driver’s side kick panel to passenger’s side kick panel. 
 
 

OCCUPANT COMPARTMENT 
DEFORMATION MEASUREMENT 
  Before  After 
  (inches)  (inches) 

A1  69.50  69.50 
A2  69.00  69.00 
A3  69.50  69.50 
B1  40.50  40.50 
B2  36.50  36.50 
B3  41.00  41.00 
B4  37.25  37.25 
B5  37.00  37.00 
B6  37.00  37.00 
C1  21.75  21.75 
C2  25.50  25.50 
C3  21.50  21.50 
D1  9.50  9.50 
D2  10.00  10.00 
D3  10.00  10.00 
E1  48.25  48.25 
E2  51.50  51.50 
F  50.00  50.00 
G  50.00  50.00 
H  36.50  36.50 
I  36.50  36.50 
J*  51.00  51.00 
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APPENDIX E.  SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.042 s  
   

 0.084 s  
   

 0.126 s  
   

Figure E1.  Sequential Photographs for Test No. 466393-1 
(Oblique and Perpendicular Views). 
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 0.168 s  
   

 0.210 s  
   

 0.252 s  
   

 0.294 s  
   

Figure E1.  Sequential Photographs for Test No. 466393-1 
(Oblique and Perpendicular Views) (continued). 
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 0.000 s  
   

 0.050 s  
   

 0.100 s  
   

 0.150 s  
   

Figure E2.  Sequential Photographs for Test No. 466393-2 
(Oblique and Perpendicular Views). 
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 0.200 s  
   

 0.250 s  
   

 0.300 s  
   

 0.350 s  
   

Figure E1.  Sequential Photographs for Test No. 466393-1 
(Oblique and Perpendicular Views) (continued). 
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