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SI* (MODERN METRIC) CONVERSION FACTORS  
APPROXIMATE CONVERSIONS TO SI UNITS  

Symbol When You Know Multiply By  To Find Symbol 

LENGTH  
in. inches 25.4 millimeters  mm 

ft feet 0.305 meters  m 

yd yards  0.914 meters  m 

mi miles  1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2 

ft2 square feet  0.093 square meters  m2 

yd2 square yard  0.836 square meters  m2 

ac acres  0.405 hectares  ha 

mi2 square miles  2.59 square kilometers  km2 

VOLUME  
fl oz fluid ounces 29.57 milliliters  mL 

gal gallons  3.785 liters  L 

ft3 cubic feet 0.028 cubic meters m3 

yd3 cubic yards 0.765 cubic meters m3 

NOTE: volumes greater than 1,000 L shall be shown in m3 
MASS 

oz ounces 28.35 grams  g 

lb pounds 0.454 kilograms kg 

T short ton (2,000 lb) 0.907 megagrams (or ñmetric tonò) Mg (or "t")  

TEMPERATURE (exact degrees) 

°F  Fahrenheit  
5(F-32)/9 

or (F-32)/1.8 
Celsius  °C  

ILLUMINATION  
fc foot-candles  10.76 lux lx 

fl  foot-Lamberts 3.426 candela per square meter cd/m2 

FORCE & PRESSURE or STRESS 
lbf poundforce  4.45 newtons  N 

lbf/in2 poundforce per square inch 6.89 kilopascals  kPa 

APPROXIMATE CONVERSIONS FROM SI UNITS  
Symbol When You Know Multiply By  To Find Symbol 

LENGTH 
mm millimeters  0.039 inches in. 

m meters  3.28 feet ft 

m meters  1.09 yards  yd 

km kilometers 0.621 miles  mi 

AREA 
mm2 square millimeters 0.0016 square inches in2 

m2 square meters  10.764 square feet  ft2 

m2 square meters  1.195 square yard  yd2 

ha hectares  2.47 acres  ac 

km2 square kilometers  0.386 square miles  mi2 

VOLUME  
mL milliliter   0.034 fluid ounces fl oz 

L liters  0.264 gallons  gal 

m3 cubic meters 35.314 cubic feet ft3 

m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams  0.035 ounces oz 

kg kilograms 2.202 pounds lb 

Mg (or "t")  megagrams (or ñmetric tonò) 1.103 short ton (2,000 lb) T 

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

ILLUMINATION  
lx lux 0.0929 foot-candles  fc 

cd/m2 candela per square meter  0.2919 foot-Lamberts fl  

FORCE & PRESSURE or STRESS 
N newtons  0.225 poundforce  lbf 

kPa kilopascals  0.145 poundforce per square inch lbf/in2 

*SI is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380. 
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1 

1 INTRODUCTION  

1.1 Background 

In 2009, the American Association of State Highway and Transportation Officials 

(AASHTO) implemented an updated standard for the evaluation of roadside hardware. The new 

standard, entitled the Manual for Assessing Safety Hardware (MASH) [1], improved the criteria 

for evaluating roadside hardware beyond the previous National Cooperative Highway Research 

Program (NCHRP) Report No. 350 standard [2] through updates to test vehicles, test matrices, and 

impact conditions. In an effort to encourage state departments of transportation and hardware 

developers to advance hardware designs, the Federal Highway Administration (FHWA) and 

AASHTO collaborated to develop a MASH implementation policy that includes sunset dates for 

various roadside hardware categories. Further, the 2009 MASH safety criteria were updated in 

2016, thus resulting in the MASH 2016 document [3]. The new policy requires that safety devices 

installed on federal-aid roadways after the sunset dates to be evaluated according to MASH 2016.  

The Midwest Pooled Fund Program members currently use several roadside hardware 

systems that were originally developed and evaluated under the NCHRP Report No. 350 criteria. 

One of those systems is a non-proprietary, thrie-beam bullnose system that was successfully 

developed and crash tested for use in shielding hazards within divided highways and roadways [4-

9]. The thrie-beam bullnose system provides a safe, cost effective, non-proprietary option for 

shielding median piers and other median hazards. An evaluation of the barrier system to the MASH 

2016 criteria would allow state departments of transportation (DOTs) to continue its use along 

their roadways and remain crashworthy with respect to the current vehicle fleet. Thus, a need 

existed to evaluate the thrie-beam bullnose system to the MASH 2016 criteria. 

The Midwest Pooled Fund Program previously funded a research project to begin the 

evaluation of the thrie-beam bullnose system to the MASH 2016 Test Level 3 (TL-3) criteria using 

three critical full-scale crash tests selected from the ten potential required tests [10]. The results 

from these tests were used to determine if the remaining MASH 2016 TL-3 crash tests would be 

conducted, or if redesign/modification of the system was necessary. The three critical tests were 

test designation nos. 3-32, 3-34, and 3-35 in the MASH test matrix for crash cushions.  

The Midwest Roadside Safety Facility (MwRSF) conducted test no. MSPBN-1 according 

to MASH 2016 test designation no. 3-35. For non-gating crash cushions, this test is designed to 

evaluate a critical impact point (CIP) where the crash cushion behavior transitions from capture to 

redirection with the 2270P vehicle. The CIP for test designation no. 3-35 was selected at post no. 

3, which is halfway between the cable anchor at post no. 1 and the assumed beginning of the length 

of need (LON)/redirection point at post no. 5. In test no. MSPBN-1, a 5,001-lb (2268-kg) Dodge 

Ram Quad Cab pickup truck impacted the thrie-beam bullnose at a speed of 62.9 mph (101.3 km/h) 

and an angle of 25.1 degrees. After initial impact, the vehicle was captured and safely redirected 

by the bullnose system. As the vehicle redirected, the universal breakaway steel posts (UBSPôs) at 

post nos. 5 through 8 were fractured and disengaged. This behavior created some pocketing and 

snag at post nos. 9 and 10, which were the first two W6x8.5 posts in the system. However, this 

behavior did not compromise vehicle capture or stability and did not negatively affect the occupant 

risk values. Occupant risk values for the test were well below the MASH limits, and occupant 

compartment deformations were minimal. Based on these values and the safe capture and 
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redirection of the 2270P vehicle, this test was deemed acceptable under the MASH TL-3 criteria 

for test designation no. 3-35. 

Test no. MSPBN-2 was conducted according to MASH 2016 test designation no. 3-34. 

This test is an impact of a 1100C small car at 15 degrees on the CIP where the crash cushion 

behavior transitions from capture to redirection. The CIP for test designation no. 3-34 was selected 

at post no. 2, which was upstream from the CIP for test designation no. 3-35 and was similar to 

previous MASH end terminal test CIPs, which used a similar anchorage system. In test no. 

MSPBN-2, a 2,448-lb (1,110-kg) Kia Rio small car impacted the thrie-beam bullnose system at a 

speed of 62.1 mph (100.0 km/h) and an angle of 14.7 degrees. After initial impact, the vehicle was 

captured and safely redirected by the bullnose system. As the vehicle redirected, Breakaway Cable 

Terminal (BCT) post no. 2 and UBSP post nos. 3 through 6 were deflected laterally, but none of 

the posts fractured and disengaged. The cable anchorage at post no. 1 remained engaged as well. 

Occupant risk values for the test were well below the MASH 2016 limits, and occupant 

compartment deformations were minimal. Based on these values and the safe capture and 

redirection of the 2270P vehicle, this test was deemed acceptable under the MASH 2016 TL-3 

criteria for test designation no. 3-34. 

Test no. MSPBN-3 was conducted according to MASH 2016 test designation no. 3-32. 

This test is an impact of an 1100C small car at an angle between 5 and 15 degrees on the center of 

the nose of the system and is meant to evaluate occupant risk and vehicle trajectory when a small 

car impacts the end of the system at an angle. Test designation no. 3-32 was conducted at an angle 

of 15 degrees as recommended in MASH 2016, as the width of the bullnose system made a lower-

angle impact less critical. In test no. MSPBN-3, a 2,441-lb (1,107-kg) Kia Rio small car impacted 

the thrie-beam bullnose system at a speed of 62.7 mph (101.0 km/h) and an angle of 15.1 degrees. 

Following the initial impact, the nose of the bullnose system wrapped around the front of the small 

car. The lower hump of the thrie beam was pushed below the bumper and fractured, while the top 

two humps of the thrie beam engaged the vehicle above the bumper, capturing the vehicle. As the 

vehicle continued into the system, the thrie-beam rail was deformed and pulled downstream, and 

the breakaway posts in the system disengaged. These two actions dissipated the kinetic energy of 

the small car and decelerated it. The small car impacted the back side of post nos. 3 through 5 on 

the far side of the bullnose, which further decelerated the small car. The vehicle was brought to a 

controlled stop at approximately 800 ms after impact. Vehicle damage was moderate. Occupant 

risk values for the test were below the MASH 2016 limits, and occupant compartment 

deformations were minimal. Based on these values and the safe capture and deceleration of the 

1100C vehicle, this test was deemed acceptable under the MASH 2016 TL-3 criteria for test 

designation no. 3-32. 

Based on the successful completion of the first three critical MASH 2016 tests in the 

evaluation of the bullnose, it was believed that the remaining required MASH TL-3 test matrix 

should be completed to certify the MASH 2016 compliance of the thrie-beam bullnose system. 

1.2 Objective 

The research objective of the Phase II study contained herein was to conduct full scale 

crash testing on a thrie-beam bullnose median barrier system according to TL-3 of the MASH 

2016 impact safety standards. Due to the extensive number of full-scale crash tests that are required 

to evaluate a thrie-beam bullnose system, the crash testing was phased in order to efficiently 
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determine if the thrie-beam bullnose system could meet the TL-3 criteria. Phase II, which is 

described within this report, evaluated the bullnose system according to four remaining MASH 

2016 TL-3 full-scale crash tests on the thrie-beam bullnose system.  

1.3 Scope  

Five full-scale crash tests were conducted to complete the MASH 2016 TL-3 evaluation of 

the thrie-beam bullnose system. Test nos. MSPBN-4 and MSPBN-5 were conducted according to 

MASH 2016 test designation no. 3-30. These tests utilized a small car weighing approximately 

2,425 lb (1,100 kg) with target impact conditions of 62 mph (100 km/h) and an angle of 0 degrees. 

These tests were completed to evaluate the impact performance of the thrie-beam bullnose system 

when impacted with a ¼-vehicle offset from the center of the nose of the system. Test no. MSPBN-

6 was conducted according to MASH 2016 test designation no. 3-31. This test utilized a pickup 

truck weighing approximately 5,000 lb (2,270 kg) with target impact conditions of 62 mph (100 

km/h) and an angle of 0 degrees. This test was completed to evaluate the impact performance of 

the thrie-beam bullnose system when impacted at the center of the nose of the system. Test no. 

MPSBN-7 was conducted according to MASH 2016 test designation no. 3-33. This test utilized a 

pickup truck weighing approximately 5,000 lb (2,270 kg) with target impact conditions of 62 mph 

(100 km/h) and an angle of 15 degrees. This test was completed to evaluate the impact performance 

of the thrie-beam bullnose system when impacted at the center of the nose of the system at an 

angle. Finally, test no. MPSBN-8 was conducted according to MASH 2016 test designation no. 3-

37b. This test utilized a small car weighing approximately 2,425 lb (1,100 kg) with target impact 

conditions of 62 mph (100 km/h) and an angle of 25 degrees. This test was completed to evaluate 

the impact performance of the thrie-beam bullnose system when impacted in the reverse direction. 
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA  

2.1 Background 

Thrie-beam bullnose systems must satisfy impact safety standards. For new hardware, 

these safety standards consist of the guidelines and procedures published in MASH 2016 [3]. The 

thrie-beam bullnose system is classified as a non-gating, redirective, crash cushion for the purposes 

of evaluation. In MASH 2016, as many as ten full -scale crash tests are potentially required to 

evaluate this type of hardware, as shown in Table 1.  

Table 1. MASH 2016 TL-3 Crash Test Conditions for Bullnose Guardrails 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight, 

lb 

(kg) 

Impact Conditions 

Evaluation 

Criteria 1 
Speed, 

mph 

(km/h) 

Angle, 

degrees 

Terminals 

and 

Redirective 

Crash 

Cushions 

3-30 1100C 
2,425 

(1,100) 

62 

(100) 
0 

A,D,F,H,I 

(non-gating) 

3-31 2270P 
5,000 

(2,270) 

62 

(100) 
0 

A,D,F,H,I 

(non-gating) 

3-32 1100C 
2,425 

(1,100) 

62 

(100) 
5-15 

A,D,F,H,I 

(non-gating) 

3-33 2270P 
5,000 

(2,270) 

62 

(100) 
5-15 

A,D,F,H,I 

(non-gating) 

3-34 1100C 
2,425 

(1,100) 

62 

(100) 
15 

A,D,F,H,I 

(non-gating) 

3-35 2270P 
5,000 

(2,270) 

62 

(100) 
25 A,D,F,H,I 

3-36 2270P 
5,000 

(2,270) 

62 

(100) 
25 

A,D,F,H,I 

(non-gating) 

3-37a 2270P 
5,000 

(2,270) 

62 

(100) 
25 

A,D,F,H,I 

(non-gating) 

3-37b 1100C 
2,425 

(1,100) 

62 

(100) 
25 

A,D,F,H,I 

(non-gating) 

3-38 1500A 
3,300 

(1,500) 

62 

(100) 
0 

A,D,F,H,I 

(non-gating) 
1 Evaluation criteria explained in Table 2. 
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Table 2. MASH 2016 Evaluation Criteria for Bullnose Guardrails 

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle or bring the vehicle 

to a controlled stop; the vehicle should not penetrate, underride, or 

override the installation although controlled lateral deflection of the 

test article is acceptable. 

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 

5.2.2 and Appendix E of MASH 2016. 

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 Velocity (OIV) (see Appendix A, Section A5.2.2 of 

MASH 2016 for calculation procedure) should satisfy the following 

limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 
30 ft/s 

(9.1 m/s) 

40 ft/s 

(12.2 m/s) 

I. The Occupant Ridedown Acceleration (ORA) (see Appendix A, 

Section A5.2.2 of MASH 2016 for calculation procedure) should 

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 

 

Out of the ten required crash tests, three tests have been completed (test designation nos. 

3-32, 3-34, and 3-35) and three tests were deemed non-critical. Test designation no. 3-36, on the 

transition to a rigid structure, was not required as it was assumed that the bullnose system will use 

MASH 2016 TL-3 approved thrie-beam approach guardrail transitions for attachment to any rigid 

structures. Test designation no. 3-38 is intended to evaluate the performance of mid-sized sedan 

vehicles with terminals and crash cushions. However, MASH 2016 uses an analytical estimation 

of 1500A vehicle decelerations based on the results of test designation no. 3-31 to determine 

whether or not this test is required. Thus, test designation no. 3-38 was deemed non-critical until 

the results from analytical estimation of 1500A vehicle decelerations were known. The final non-

critical test is test designation no. 3-37 for reverse-direction impacts, which includes test 

designation 3-37a with the 2270P vehicle and test designation 3-37b with the 1100C vehicle. For 

systems utilizing a breakaway cable system like end terminals and the thrie-beam bullnose system, 

MASH 2016 recommends test designation no. 3-37b as the critical test to evaluate snag of the 

1100C vehicle on the cable anchorage system. Test designation no. 3-37a was deemed non-critical 
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as the thrie-beam bullnose system should perform similarly to a longitudinal guardrail when 

impacted in the reverse direction upstream from the cable anchorage. Vehicle capture, stability, 

and occupant risk were anticipated to be more critical for the 1100C vehicle similar to previous 

MASH TL-3 end terminal evaluations. Previous research regarding small car impacts on trailing-

end anchorages for the Midwest Guardrail System (MGS) determined a CIP using LS-DYNA 

computer simulations for wedging the 1100C vehicle underneath the rail and the cable anchor on 

the MGS [11-13]. This CIP was determined to be 112½ in. (2,876 mm) upstream from the end 

post in the system. Based on the similarity of the cable anchorage used in the MGS trailing-end 

anchorage system and the thrie-beam bullnose anchorage, the researchers elected to use the same 

CIP for test no. 3-37b to maximize the probability of vehicle and wheel snag on the cable anchor. 

This impact point corresponded to the center of third post upstream from the anchorage post on 

the bullnose system or the fourth post upstream of the end of the bullnose system. 

Thus, four remaining required tests were conducted to complete the MASH 2016 TL-3 test 

matrix for evaluation of the thrie-beam bullnose system. It should be noted that any tests within 

the evaluation matrix deemed non-critical may eventually need to be evaluated based on additional 

knowledge gained over time or additional FHWA eligibility letter requirements. 

2.2 Evaluation Criteria  

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: 

(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for 

structural adequacy are intended to evaluate the ability of the bullnose guardrail to contain and 

redirect impacting vehicles. In addition, controlled lateral deflection of the test article is 

acceptable. Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. 

Post-impact vehicle trajectory is a measure of the potential of the vehicle to result in a secondary 

collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the 

occupants of the impacting vehicle and/or other vehicles. These evaluation criteria are summarized 

in Table 2 and defined in greater detail in MASH 2016. The full-scale vehicle crash tests were 

conducted and reported in accordance with the procedures provided in MASH 2016. 

In addition to the standard occupant risk measures, the Post-Impact Head Deceleration 

(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI) 

were determined and reported. Additional discussion on PHD, THIV and ASI is provided in 

MASH 2016. 

2.3 Soil Strength Requirements 

In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength 

must be verified before any full-scale crash testing can occur. During the installation of a soil 

dependent system, W6x16 (W152x23.8) posts are installed near the impact region utilizing the 

same installation procedures as the system itself. Prior to full-scale testing, a dynamic impact test 

must be conducted to verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN) at post 

deflections between 5 and 20 in. (127 and 508 mm) measured at a height of 25 in. (635 mm). If 

dynamic testing near the system is not desired, MASH 2016 permits a static test to be conducted 

instead and compared against the results of a previously established baseline test. In this situation, 

the soil must provide a resistance of at least 90% of the static baseline test at deflections of 5, 10, 

and 15 in. (127, 254, and 381 mm). Further details can be found in Appendix B of MASH 2016. 
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3 TEST CONDITIONS 

3.1 Test Facility 

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the 

Lincoln Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of 

Nebraska-Lincoln. 

3.2 Vehicle Tow and Guidance System 

A reverse-cable, tow system with a 1:2 mechanical advantage was used to propel the test 

vehicle. The distance traveled and the speed of the tow vehicle were one-half that of the test 

vehicle. The test vehicle was released from the tow cable before impact with the barrier system. A 

digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed. 

A vehicle guidance system developed by Hinch [15] was used to steer the test vehicles. A 

guide flag, attached to the right-front wheel for all five tests and the guide cable, was sheared off 

before impact with the barrier system. The Ȩ-in. (9.5-mm) diameter guide cable was tensioned to 

approximately 3,500 lb (15.6 kN) and supported both laterally and vertically every 100 ft (30.5 m) 

by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable, but 

as the vehicle was towed down the line, the guide flag struck and knocked each stanchion to the 

ground. 

3.3 Test Vehicles 

For test no. MSPBN-4, a 2009 Kia Rio four door sedan was used as the test vehicle. The 

curb, test inertial, and gross static vehicle weights were 2,472 lb (1,121 kg), 2,429 lb (1,102 kg), 

and 2,593 lb (1,176 kg), respectively. The test vehicle is shown in Figures 1 and 2, and vehicle 

dimensions are shown in Figure 3. 

For test no. MSPBN-5, a 2009 Hyundai Accent four door sedan was used as the test vehicle. 

The curb, test inertial, and gross static vehicle weights were 2,461 lb (1,116 kg), 2,409 lb (1,093 

kg), and 2,573 lb (1,167 kg), respectively. The test vehicle is shown in Figures 4 and 5, and vehicle 

dimensions are shown in Figure 6. 

For test no. MSPBN-6, a 2012 Dodge Ram 1500 crew cab pickup truck was used as the 

test vehicle. The curb, test inertial, and gross static vehicle weights were 5,210 lb (2,363 kg), 5,061 

lb (2,296 kg), and 5,236 lb (2,375 kg), respectively. The test vehicle is shown in Figures 7 and 8, 

and vehicle dimensions are shown in Figure 9. 

For test no. MSPBN-7, a 2012 Dodge Ram 1500 quad cab pickup truck was used as the 

test vehicle. The curb, test inertial, and gross static vehicle weights were 5,271 lb (2,391 kg), 5,043 

lb (2,287 kg), and 5,202 lb (2,360 kg), respectively. The test vehicle is shown in Figures 10 and 

11, and vehicle dimensions are shown in Figure 12. 

For test no. MSPBN-8, a 2011 Hyundai Accent sedan was used as the test vehicle. The 

curb, test inertial, and gross static vehicle weights were 2,476 lb (1,123 kg), 2,394 lb (1,086 kg), 
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and 2,558 lb (1,160 kg), respectively. The test vehicle is shown in Figures 13 and 14, and vehicle 

dimensions are shown in Figure 15. 

 

 

 

Figure 1. Test Vehicle, Test No. MSPBN-4 
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Figure 2. Test Vehicle Floor Pan and Undercarriage, Test No. MSPBN-4 
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Figure 3. Vehicle Dimensions, Test No. MSPBN-4 
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Figure 4. Test Vehicle, Test No. MSPBN-5 
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Figure 5. Test Vehicle Floor Pan and Undercarriage, Test No. MSPBN-5 
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Figure 6. Vehicle Dimensions, Test No. MSPBN-5 
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Figure 7. Test Vehicle, Test No. MSPBN-6 
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Figure 8. Test Vehicle Floor Pan and Undercarriage, Test No. MSPBN-6 
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Figure 9. Vehicle Dimensions, Test No. MSPBN-6 
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Figure 10. Test Vehicle, Test No. MSPBN-7 
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Figure 11. Vehicle Floor Pan and Undercarriage, Test No. MSPBN-7 
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Figure 12. Vehicle Dimensions, Test No. MSPBN-7 
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Figure 13. Test Vehicle, Test No. MSPBN-8 
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Figure 14. Vehicle Floor Pan and Undercarriage, Test No. MSPBN-8 
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Figure 15. Vehicle Dimensions, Test No. MSPBN-8 
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It should be noted that the pickup truck test vehicles used were within 6 years of the 

research project contract date. MASH 2016 requires test vehicles used in crash testing to be no 

more than six model years old. For the small car tests, a 2009 model was used because the vehicle 

geometry of newer models did not comply with recommended vehicle dimension ranges specified 

in Table 4.1 of MASH 2016. The use of older test vehicles due to recent small car vehicle 

properties falling outside of MASH 2016 recommendations was allowed by FHWA and AASHTO 

in MASH implementation guidance dated May of 2018 [1414]. 

Additionally, it should be noted that the vehicle hood height denoted for the vehicle in test 

no. MSPBN-6 did not meet the hood height requirements in MASH. The hood height measurement 

has been an issue in recent years due to changes in the vehicle hood geometry that have altered the 

hood line but not the basic vehicle front end structure. As such, the hood height denoted herein 

was not considered an issue for full-scale testing. Recently, testing laboratories have agreed to 

measure hood height relative to the top of the radiator mount for consistency and improved 

compliance with MASH guidelines. However, that guidance was not available at the time of this 

testing. 

The longitudinal component of the center of gravity (c.g.) was determined using the 

measured axle weights. The Suspension Method [16] was used to determine the vertical 

component of the c.g. for the 2270P vehicles. This method is based on the principle that the c.g. 

of any freely suspended body is in the vertical plane through the point of suspension. The vehicle 

was suspended successively in three positions, and the respective planes containing the c.g. were 

established. The intersection of these planes pinpointed the final c.g. location for the test inertial 

condition. The vertical component of the c.g. for the 1100C vehicles was determined utilizing a 

procedure published by SAE [17]. The location of the final c.g. is shown in Figures 3, 6, 9, 12, and 

15. Data used to calculate the location of the c.g. and ballast information are shown in Appendix 

A. 

Square, black- and white-checkered targets were placed on the vehicles for reference to be 

viewed from the high-speed digital video cameras and aid in the video analysis, as shown in 

Figures 16 through 20. Round, checkered targets were placed at the c.g. on the left-side door, the 

right-side door, and the roof of the vehicles. 

The front wheels of the test vehicles were aligned to vehicle standards, except the toe-in 

value was adjusted to zero such that the vehicles would track properly along the guide cable. A 5B 

flash bulb was mounted under the vehiclesô right-side windshield wiper for test nos. MSPBN-4, 

MSPBN-6, and MSPBN-7 and under the vehicleôs left-side windshield wiper for test nos. MSPBN-

5 and MSPBN-8. The bulb was fired by a pressure tape switch mounted at the impact corner of 

the bumper. The flash bulb was fired upon initial impact with the test article to create a visual 

indicator of the precise time of impact on the high-speed digital videos. A remote-controlled brake 

system was installed in the test vehicles so the vehicles could be brought safely to a stop after the 

test. 
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Figure 16. Target Geometry, Test No. MSPBN-4 
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Figure 17. Target Geometry, Test No. MSPBN-5 
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Figure 18. Target Geometry, Test No. MSPBN-6 
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Figure 19. Target Geometry, Test No. MSPBN-7 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































