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1 INTRODUCTION  

1.1 Background 

W-beam guardrail is often used to protect motorists from steep roadside slopes adjacent to 

high-speed roadways. A roadside slope placed immediately behind a guardrail system significantly 

reduces the soil resistance associated with lateral deflection of the barrier. This reduction in the 

post-soil forces reduces the barrier systemôs energy-absorption capability, increases dynamic rail 

deflections, and can potentially produce issues with vehicle capture or vehicle override. Further, 

when the guardrail extends over the embankment, the gap between the bottom of the rail and the 

ground will be magnified and thereby increase the risk of severe wheel snag. 

Guardrail placed adjacent to slopes has been a common concern for state departments of 

transportation (DOTs). In the past, several states have requested guidance regarding safe guardrail 

offsets or modification to guardrail post spacing and/or embedment when placed directly adjacent 

to steep fill slopes. Under National Cooperative Highway Research Program (NCHRP) Report 350 

[1], Midwest Roadside Safety Facility (MwRSF) developed and evaluated a variation of the 

G4(1S) guardrail system for use adjacent to slopes as steep a 2H:1V. The test installation consisted 

of W-beam guardrail supported by 7-ft long, W6x9 steel guardrail posts spaced 37½ in. on center 

and installed with the center of the posts at the slope break point (SBP), as shown in Figure 1. The 

rail height of the system was 27¾ in. to the top of the rail. For the full-scale test, test no. MOSW-

1, a 4,462-lb, ¾-ton pickup truck impacted the system 9Ȩ in. downstream from the centerline of 

post no. 17, located within the half-post spacing region, at a speed of 62.6 mph and at an angle of 

28.5 degrees. The vehicle was safely redirected, and the test was determined to be acceptable 

according to the TL-3 safety performance criteria presented in NCHRP Report 350. 

Since the development of that system, the Midwest Guardrail System (MGS) has replaced 

the G4(1S) guardrail system as the standard guardrail design used by highway transportation 

agencies [2], and the evaluation of roadside hardware is currently governed by the Manual for 

Assessing Safety Hardware, Second Edition (MASH 2016) [3]. The Wisconsin Department of 

Transportation (WisDOT) has previously used the G4(1S) W-beam barrier configuration with half-

post spacing with 7-ft long W6x9 posts adjacent to slopes and desired that this configuration be 

adopted to the MGS system and evaluated under MASH 2016 Test Level 3 (TL-3). 
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Figure 1. W-beam Guardrail Adjacent to a 2:1 Foreslope, Test No. MOSW-1 [2] 
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1.2 Objective 

The objective of this research effort is to evaluate a MASH TL-3 compliant variation of 

the MGS adjacent to slopes as steep as 2H:1V through full -scale crash testing. The modified MGS 

system utilized half-post spacing with 7-ft long W6x9 posts installed at the SBP of a 2H:1V slope. 

The system was evaluated according to the TL-3 criteria of MASH 2016 [3].  

1.3 Scope 

The research objective was achieved through the completion of several tasks. First, the 

researchers developed CAD details for the modified MGS system adjacent to steep slopes. These 

CAD drawings were then utilized to construct the full-scale test installation, which consisted of a 

modified MGS system adjacent to steep slopes utilizing half-post spacing with 7-ft long W6x9 

posts installed at the SBP of a 2H:1V slope. Two full -scale crash tests were conducted on the MGS 

with half-post spacing adjacent to steep slopes according to MASH 2016 test designation nos. 3-10 

and 3-11. The full-scale vehicle crash test results were analyzed, evaluated, and documented. 

Conclusions and recommendations were then made pertaining to the safety performance of the 

MGS with half-post spacing adjacent to steep slopes. 
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2 LITERATURE REVIEW  

The strength and stiffness of W-beam guardrail is heavily dependent on post-soil resistance 

forces. Placing the system on or adjacent to a slope reduces the amount of soil behind the post, 

lowers the post-soil resistance, and can negatively affect the performance of the system. Thus, it 

is recommended for guardrail posts to be installed with at least 2 ft of level terrain behind the 

system to ensure the system performs as initially developed and evaluated. However, there are 

instances where placing guardrail adjacent to slopes is necessary due to limited roadside widths. 

To date, there have been four different W-beam guardrail configurations adjacent to slopes 

successfully developed and crash tested according to MASH TL-3 evaluation criteria [4]. Although 

all four systems utilized 31-in. tall W-beam rail, they had varying post lengths, blockouts, 

allowable slopes, and placements relative to the SBP, as detailed in Table 1. None of the MASH-

evaluated MGS guardrail systems adjacent to slope utilized reduced post spacing.  

Based on the existing MASH TL-3 full-scale crash tests adjacent to slope, MwRSF also 

developed generalized guidance for placement of the MGS adjacent to steep slopes [4]. That 

research noted that end users may desire to further reduce the dynamic deflection and working 

width of installations adjacent to slopes through increased post length and/or reduced post spacing. 

However, recent full-scale crash testing of stiffened or reduced deflection MGS resulted in rail 

ruptures. Texas A&M Transportation Institute (TTI) recently conducted testing on the MGS with 

reduced post spacing and transitions from standard post spacing to reduced post spacing. TTI 

researchers first evaluated a quarter-post spacing system (18¾ in.) with MASH test designation 

nos. 3-11 and 3-10. The quarter-post spacing system successfully passed both MASH tests. TTI 

researchers also tested a transition between quarter- (18¾ in.) and full- (75 in.) post spacing 

according to MASH test designation no. 3-21 impact conditions. This transition used single W-

beam rail elements and did not incorporate any nested rail sections. In this test, the pickup truck 

ruptured the rail and penetrated beyond the barrier. TTI researchers attributed the failure to rail 

pocketing caused by the short transition in lateral barrier stiffness. Finally, TTI researchers tested 

a half-post spacing (37½ in.) variation of the MGS under this project in which the pickup truck 

ruptured the rail and penetrated beyond the barrier. The recent test failures involving 2270P 

impacts into the MGS with reduced post spacing suggested that there was potential for rail failure 

during impacts into stiffened MGS applications and/or applications where increased localized rail 

deflection and pocketing may occur. The use of increased post length and embedment and/or 

reduced post spacing MGS configurations at the SBP outside of those that have been full-scale 

crash tested may result in similar W-beam rail loading and the potential for rail rupture. As such, 

the application of reduced post spacing and/or increased post length and embedment depth for the 

MGS installed at the SBP was not recommended without further research and crash testing. 

Finally, a comment should be made regarding stiffness transitions between the proposed 

MGS with 7-ft long posts at half post spacing adjacent to slope and the standard MGS on level 

terrain. Typically, the use of reduced post spacing and increased embedment depth results in 

increased barrier stiffness. The increased stiffness of the barrier can result in the need for a stiffness 

transition to prevent degradation of the barrier performance at the junction between the barrier 

configurations. Conversely, the use of posts installed at the SBP of a steep slope can reduce post-

soil resistive forces and lower the stiffness and increase the deflection of a barrier system, creating 

a transition in stiffness when it is attached to standard guardrail. The modified MGS adjacent to 
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slope evaluated herein would have both a stiffness reduction due to its placement adjacent to slope 

and a stiffness increase due to the post spacing and embedment when compared with the standard 

MGS on level terrain. It was not known what the net effect of these factors on the overall barrier 

stiffness and deflection would be nor whether a stiffness transition would be required between 

standard MGS and the modified MGS adjacent to slope proposed herein. Additionally, an ongoing 

research effort at TTI is investigating the use of reduced post spacing with W-beam guardrail and 

the need for stiffness transitions between standard guardrail and reduced post spacing. Thus, it was 

recommended that the results of that study, full-scale crash testing of other stiffened W-beam 

guardrail systems, and the full-scale crash tests on the system proposed herein be reviewed to 

determine if further transition research and design is needed following the full-scale crash testing. 

Table 1. MASH TL-3 Details for 31-in. W-Beam Guardrail on Slopes [4] 

System A (9-ft MGS) B (TTI) C (Gabion Wall) D (6-ft MGS) 

Layout 

    
Performance 

Level 
MASH TL-3 MASH TL-3 MASH TL-3 MASH TL-3 

Full-Scale 

Tests 
MASH 3-11 

MASH 3-10 

MASH 3-11 

MASH 3-10 

MASH 3-11 
MASH 3-11 

Post 9-ft W6x8.5 8-ft W6x8.5 6-ft W6x8.5 6-ft W6x8.5 

Post Spacing 75 in. 75 in. 75 in. 75 in. 

Blockout 12-in. Blockout 8-in. Blockout Non-Blocked 12-in. Blockout 

Slope 2:1 2:1 3:1 2:1 

Post Locations Centered on SBP 
Centered 15 in. Down 

Slope 
Centered on SBP Centered on SBP 

Working Width 62.4 in. 55.2 in. 45.2 in. 77.4 in. 

Alternative 

Posts 

8-ft W6x8.5 or  

7.5-ft  6òx8ò Timber* 
- - 6-ft  6òx8ò Timber* 

Alternative 

Blockouts 

Non-Blocked or 

8ò Blockout 
12-in. Blockout - 

Non-Blocked or 

8ò Blockout 

Allowable 

Slopes 
2:1 or Flatter 2:1 or Flatter - 2:1 or Flatter 

* Timber Posts should have strength equal to or greater than SYP grade 1 
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA  

3.1 Test Requirements 

Longitudinal barriers, such as W-beam guardrails like the MGS, must satisfy impact safety 

standards in order to be declared eligible for federal reimbursement by the Federal Highway 

Administration (FHWA) for use on the National Highway System. For new hardware, these safety 

standards consist of the guidelines and procedures published in MASH 2016 [3]. Note that there 

is no difference between MASH 2009 and MASH 2016 for longitudinal barriers such as the system 

tested in this project, except that additional occupant compartment deformation measurements, 

photographs, and documentation are required by MASH 2016. According to TL-3 of MASH 2016, 

longitudinal barrier systems must be subjected to two full -scale vehicle crash tests, as summarized 

in Table 2.  

Table 2. MASH 2016 TL-3 Crash Test Conditions for Longitudinal Barriers 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight 

lb 

Impact Conditions 
Evaluation 

Criteria 1 
Speed 

mph 

Angle 

deg. 

Longitudinal 

Barrier 

3-10 1100C 2,420 62 25 A,D,F,H,I 

3-11 2270P 5,000 62 25 A,D,F,H,I 
1 Evaluation criteria explained in Table 4. 

MwRSF proposed that both test designation nos. 3-10 and 3-11 be conducted to evaluate 

the modified MGS system adjacent to steep slopes. Test designation no. 3-10 has not always been 

conducted for evaluation of guardrail adjacent to slope due to the reduced impact loading of the 

small car vehicle. However, recent MASH TL-3 crash testing of 1100C vehicles on guardrails with 

reduced post spacing or increased stiffness due to the presence of curbs have indicated the potential 

for combined loading of the guardrail splice by the small car vehicle that can lead to partial rail 

tears and even complete rail rupture. As such, test designation no. 3-10 was recommended for the 

evaluation of the barrier system. Test designation no. 3-11 with the 2270P vehicle represents the 

highest impact barrier loading during 2270P impacts, evaluates potential vehicle extension over 

the slope and the potential for vehicle instability, and determines dynamic deflection and working 

width. Thus, test designation no. 3-11 was also recommended for the evaluation of the barrier 

system. 

The critical impact point for both tests were selected to maximize vehicle snag on the 

system posts and splice loading based on the guidance provide in Section 2.3 of MASH 2016. For 

test designation no. 3-10, initial vehicle impact was to occur 8 ft upstream from a post with a splice, 

which was selected using the critical impact point plots found in Section 2.3 of MASH 2016. 

Similarly, initial vehicle impact for test designation no. 3-11 was to occur 11 ft ï 6 in. upstream 

from a post with a splice, which was selected using the critical impact point plots found in Section 

2.3 of MASH 2016. These impact points were denoted on the test plans for the full-scale crash 

testing. During installation of the barrier system, the barrier orientation was flipped from the 

original test plan to better accommodate the site conditions and vehicle tow and guidance. When 

this change was made, the impact points for test designation nos. 3-10 and 3-11 were not properly 
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adjusted to maintain their location relative to a guardrail splice. Thus, the full-scale crash tests 

were conducted at a critical location relative to vehicle snag on the system posts, but a guardrail 

splice was not located at the critical post location as intended.  

In order to evaluate whether or not this error had an effect on the evaluation of the barrier 

system, MwRSF researchers compared the results of test designation nos. 3-10 and 3-11 on 

modified MGS adjacent to a 2H:1V slope with 7-ft long posts at ½-post spacing with previous 

testing of the strong post MGS with ½-post spacing mounted to a low-fill culvert that was 

evaluated to MASH TL-3 [5]. The strong post MGS with ½-post spacing mounted to a low-fill 

culvert utilized posts that were mounted directly to the top of the culvert slab at a depth of 9 in. 

below grade. The culvert mounted posts would be expected to provide similar or greater barrier 

stiffness as compared to the modified MGS adjacent to a 2H:1V slope with 7-ft long posts at ½-

post spacing. This expectation seems consistent with comparison of dynamic deflection values for 

test designation nos. 3-10 and 3-11 conducted on both of these barrier systems, as shown in Table 

3. The culvert-mounted MGS system produced lower dynamic rail deflections for test designation 

nos. 3-10 and 3-11 as compared to the modified MGS adjacent to a 2H:1V slope with 7-ft long 

posts at ½-post spacing. Dynamic post deflections for the culvert mounted MGS system were also 

similar or less than the modified MGS adjacent to a 2H:1V slope with 7-ft long posts at ½-post 

spacing. The potential for rail splice rupture tends to increase with increased barrier stiffness. Thus, 

the successful containment and redirection observed in the full-scale testing of the strong post, 

culvert-mounted MGS system would suggest that splice loading for the modified MGS adjacent 

to a 2H:1V slope with 7-ft long posts at ½-post spacing should pose a performance concern.  

Additionally, it was noted previously that 1100C rail rupture has been associated with 

combined loading of the rail splice due to rail tension, lateral deflection and bending, and vertical 

bending of the rail due to the vehicle wedging underneath the guardrail element. Wedging of the 

1100C vehicle underneath the rail element should be less pronounced for a barrier system installed 

adjacent to a 2H:1V slope as the ground should be falling away from the vehicle as the barrier 

deflects. Thus, concerns for rail splice failure should be further mitigated. Based on this analysis, 

it was believed that the error in the critical impact point relative to the splice location did not 

adversely affect full-scale testing and evaluation of the barrier system detailed herein.  

Table 3. MASH 2016 TL-3 Dynamic Deflection and Working Width Comparison for Strong 

Post, Culvert Mounted MGS and Modified MGS Adjacent to 2H:1V Slope 

Test 

Article 

Test 

Designation 

No. 

Impact Conditions Dynamic Rail 

Deflection 

(in.) 

Dynamic Post 

Deflection 

(in.) 
Speed 

(mph) 

Angle 

(deg.) 

Strong Post, 

Culvert Mounted 

MGS 

3-10 61.3 25.1 11.7 12.0 

3-11 62.8 25.7 22.4 29.6 

Modified MGS 

Adjacent to 

2H:1V Slope 

3-10 62.8 25.2 21.8 30.4 

3-11 62.6 25.4 27.2 26.5 
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3.2 Evaluation Criteria  

Evaluation criteria for full-scale vehicle crash testing are based on three factors: (1) 

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

structural adequacy are intended to evaluate the ability of the MGS 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 4 and 

defined in greater detail in MASH 2016. The full-scale vehicle crash test was 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. 

Table 4. MASH 2016 Evaluation Criteria for Longitudinal Barrier  

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 40 ft/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 
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3.3 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 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 at post deflections between 5 and 20 in. 

measured at a height of 25 in. 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 percent 

of the static baseline test at deflections of 5, 10, and 15 in. Further details can be found in Appendix 

B of MASH 2016.  
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4 DESIGN DETAILS   

The test installation for the modified MGS adjacent to a 2H:1V slope consisted of a 175-ft 

long modified MGS that utilized 12-gauge W-beam guardrail supported by 40 posts. System 

design details for test nos. MGS7S-1 and MGS7S-2 are shown in Figures 2 through 14. 

Photographs of the test installation are shown in Figures 15 through 17. Material specifications, 

mill certifications, and certificates of conformity for the system materials are shown in Appendix 

A. 

The modified MGS was installed on level terrain for 50 ft on each end of the system, while 

the middle of the barrier was installed adjacent to a 5-ft deep by 75-ft long 2H:1V slope. The slope 

started at the centerline of the post and extended 10 ft behind the post. Post nos. 3 through 8 and 

32 through 38 were ASTM A992 W6x8.5 steel posts that measured 72-in. long and were spaced 

75 in. apart with an embedment depth of 40 in. Post nos. 9 through 31 were ASTM A992 W6x8.5 

steel posts that measured 84 in. long, were spaced 37½ in. apart with W14x22 blockouts, and had 

an embedment depth of 52 in. The posts were placed in a compacted, coarse, crushed limestone 

material with a strength that satisfied MASH 2016 criteria. Post nos. 3 through 38 used 6-in. x 12-

in. x 14¼-in. wood blockouts to offset the rail away from the front face of the steel posts. 

The upstream and downstream ends of the guardrail installation were configured with a 

trailing-end anchorage system. The guardrail anchorage system was utilized to simulate the 

strength of other crashworthy end terminals. The anchorage system consisted of timber posts, 

foundation tubes, anchor cables, bearing plates, rail brackets, and channel struts, which closely 

resembled the hardware used in the Modified Breakaway Cable Terminal (BCT) system and is 

now part of a crashworthy, downstream trailing end terminal [6-8]. 
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Figure 2. Test Installation Layout, Test Nos. MGS7S-1 and MGS7S-2  
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Figure 3. Post Details, Test Nos. MGS7S-1 and MGS7S-2  
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Figure 4 End Section and Splice Detail, Test Nos. MGS7S-1 and MGS7S-2 
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Figure 5. BCT Anchor Details, Test No. MGS7S-1 and MGS7S-2 
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Figure 6. Post Components, Test No. MGS7S-1 and MGS7S-2 
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Figure 7. BCT Timber Post, Foundation Tube and Slope Post Details, Test Nos. MGS7S-1 and MGS7S-2 
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Figure 8. BCT Post Components, Test Nos. MGS7S-1 and MGS7S-2 
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Figure 9. Ground Strut Details, Test Nos. MGS7S-1 and MGS7S-2 
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Figure 10. BCT Anchor Cable, Test Nos. MGS7S-1 and MGS7S-2  
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Figure 11. Rail Section Details, Test Nos. MGS7S-1 and MGS7S-2 
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Figure 12. Fasteners, Test Nos. MGS7S-1 and MGS7S-2 
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Figure 13. Bill of Materials, Test Nos. MGS7S-1 and MGS7S-2 
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Figure 14. Bill of Materials, Test No. MGS7S-1 and MGS7S-2 
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Figure 15. Test Installation Photographs, Test Nos. MGS7S-1 and MGS7S-2 
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Figure 16. Test Installation Photographs, Test Nos. MGS7S-1 and MGS7S-2 
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Figure 17. Test Installation Photographs, Test Nos. MGS7S-1 and MGS7S-2 
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5 TEST CONDITIONS  

5.1 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 northwest of the University of Nebraska-

Lincoln. 

5.2 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 [9] was used to steer the test vehicle. A 

guide flag, attached to the left-front wheel and the guide cable, was sheared off before impact with 

the barrier system. The Ȩ-in. diameter guide cable was tensioned to approximately 3,500 lb and 

supported both laterally and vertically every 100-ft 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. 

5.3 Test Vehicles 

For test no. MGS7S-1, a 2016 Hyundai Accent Sedan was used as the test vehicle. The 

curb, test inertial, and gross static vehicle weights were 2,484 lb, 2,431 lb, and 2,592 lb, 

respectively. The test vehicle is shown in Figures 18 and 19, and vehicle dimensions are shown in 

Figure 20.  

For test no. MGS7S-2, a 2016 Ram 1500 Quad Cab pickup truck was used as the test 

vehicle. The curb, test inertial, and gross static vehicle weights were 4,958 lb, 5,022 lb, and 5,185 

lb, respectively. The test vehicle is shown in Figures 21 and 22, and vehicle dimensions are shown 

in Figure 23.  

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

measured axle weights. For test no. MGS7S-1, the vertical component of the c.g. for the 1100C 

vehicle was determined utilizing a procedure published by SAE [10]. Test No. MGS7S-2 utilized 

the Suspension Method [11]. This method was used to determine the vertical component of the 

c.g. for the 2270P vehicle. 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 

final c.g. location of MGS7S-1 is shown in Figure 24. The final c.g. location of MGS7S-2 is shown 

in Figure 25. Ballast information and data used to calculate the location of the c.g. for the tests are 

shown in Appendix B.  

Square, black-and-white checkered targets were placed on the vehicle for reference, as 

shown in Figure 24, to serve as a reference in the high-speed digital video and aid in the video 



August 22, 2024  

MwRSF Report No. TRP-03-452-24 

28 

analysis. Round, checkered targets were placed at the c.g. on the left-side door, the right-side door, 

and the roof of the vehicle. 

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. For 

both tests a 5B flash bulb was mounted under the vehiclesô right-side windshield wiper and 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 radio-controlled brake system was installed in the test 

vehicle so the vehicle could be brought safely to a stop after the test. 
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Figure 18. Test Vehicle, Test No. MGS7S-1 
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Figure 19. Test Vehicleôs Interior Floorboards and Undercarriage, Test No. MGS7S-1 
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Figure 20. Vehicle Dimensions, Test No. MGS7S-1 

 






























































































































































































































































































