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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 2009) [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 included sunset dates 

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

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

installed on federal aid roadways after the sunset dates to have been evaluated to MASH 2016.  

Midwest Pooled Fund Program members currently use several roadside hardware systems 

that were originally developed and evaluated under NCHRP Report No. 350 criteria. One of those 

systems is a non-proprietary, thrie-beam, bullnose, median barrier system that was successfully 

developed and crash tested for use in shielding median hazards within divided highways and 

roadways. Many state DOTs desire to continue to have the thrie-beam bullnose available for use 

following the MASH implementation dates. Thus, a need exists to evaluate the thrie-beam bullnose 

system to the MASH 2016 criteria. 

From 1997 through 2000, the Midwest Roadside Safety Facility (MwRSF) developed a 

thrie-beam bullnose guardrail system for shielding median hazards found between divided 

highways [2, 4-6]. The new, non-proprietary bullnose guardrail system was successfully full-scale 

crash tested and evaluated according to the Test Level 3 (TL-3) safety performance evaluation 

criteria provided in NCHRP Report No. 350. 

Controlled Release Terminal (CRT) wood posts were used in the original thrie-beam 

bullnose guardrail system. Although the CRT posts adequately met the TL-3 safety requirements, 

these wood posts have several drawbacks. First, the properties and performance of wood posts are 

highly variable due to knots, checks, and splits, thus requiring grading and inspection of posts. 

Second, two holes are drilled into the CRT posts that allow them to break away upon impact. These 

holes expose the interior of the wood to the environment, which can accelerate deterioration. 

Further, chemical preservatives used to treat the wood posts have been identified as harmful to the 

environment by some government agencies. Thus, the treated wood posts may require special 

consideration during disposal. Due to these concerns, a need existed for a breakaway steel post 

option for use in the thrie-beam bullnose guardrail system. 

A Universal Breakaway Steel Post (UBSP) was developed to replace the CRT posts in the 

existing thrie-beam bullnose median barrier system [7-9]. The UBSP was based on a fracturing-

bolt concept and was designed to match the cantilevered bending capacities of existing wood CRT 

posts about their strong and weak axes, as well as for a biaxial loading condition. The embedded 

portion of the UBSP had a similar cross section and slightly lower embedment as compared to the 

CRT post which provided comparable rotational resistance in the soil. The mass, general geometry, 

and the breakaway characteristics of the upper UBSP section were also similar to the CRT wood 
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post. The lower portion of the UBSP consisted of a foundation tube with the lower base plate. The 

upper portion of the UBSP consisted of a post with the upper base plate. The bullnose system 

utilized Breakaway Cable Terminal (BCT) posts for the first two posts as well as for the last two 

anchorage posts on each side of the barrier. Post nos. 3 through 8 were UBSPs, and the remaining 

posts were standard thrie-beam guardrail steel posts. The system was subjected to test designation 

nos. 3-30, 3-31, and 3-38 of NCHRP Report No. 350 to determine if it met the TL-3 safety 

performance criteria and to ensure the UBSP design was providing similar performance to the 

original CRT posts. In all three full-scale crash tests, the vehicle was safely contained and 

decelerated, and the barrier did not cause vehicle instability.  

After surveying the member states in the Midwest Pooled Fund Program, it was decided 

that the MASH 2016 evaluation of the thrie-beam bullnose system would focus on evaluation of 

the system with the UBSPs. If the evaluation of this post type was successful, there may be 

potential to evaluate the CRT post design using a smaller subset of critical tests in a subsequent 

research effort. 

1.2 Objective 

The research objective of the following report was to conduct full scale crash testing on 

the thrie-beam bullnose median barrier system according to the TL-3 of the MASH 2016 impact 

safety standards [3]. Due to the extensive number of full scale crash tests that are required to 

evaluate a thrie-beam bullnose system, MwRSF and the Midwest Pooled Fund Program members 

decided to phase the crash testing in order to efficiently determine if the thrie-beam bullnose 

system could meet the TL-3 criteria. Phase I, which is described herein, evaluated the bullnose 

design with three critical crash tests.  

1.3 Scope  

Three full-scale crash tests were conducted on the thrie-beam bullnose system. Test no. 

MSPBN-1 was conducted according to MASH 2016 test designation no. 3-35. Test designation 

no. 3-35 required a pickup truck weighing approximately 5,000 lb (2,268 kg) with target impact 

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

to evaluate the non-gating, thrie-beam bullnose crash cushion at the critical impact point on the 

system where the behavior transitioned from capture to redirection. Test no. MSPBN-2 was 

conducted according to MASH 2016 test designation no. 3-34. Test designation no. 3-34 requires 

a small car weighing approximately 2,425 lb (1,100 kg) with target impact conditions of a speed 

of 62 mph (100 km/h) and an angle of 15 degrees. This test was completed to evaluate the impact 

performance criteria of the thrie-beam bullnose at the critical impact point on the system where 

the behavior transitioned from capture to redirection. Test no. MPSBN-3 was conducted according 

to MASH 2016 test designation no. 3-32. Test designation no. 3-32 required a small car weighing 

approximately 2,425 lb (1,100 kg) with target impact conditions of a speed of 62 mph (100 km/h) 

and an angle of 15 degrees. This test was conducted to evaluate the safety performance of the thrie-

beam bullnose system when impacted at an angle by a small car vehicle on the nose or end of the 

system.  
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA 

2.1 Test Requirements 

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

the purposes of evaluation and must satisfy impact safety standards. For new hardware, these 

safety standards consist of the guidelines and procedures published in MASH 2016 [3], and as 

many as nine full-scale crash tests are potentially required to evaluate this type of hardware, as 

shown in Table 1. Note that there is no difference between MASH 2009 [1] and MASH 2016 with 

respect to non-gating redirective crash cushions, except that additional occupant compartment 

deformation measurements and photographic documentation are required by MASH 2016. 

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, 

deg. 

Terminals and 

Redirective 

Crash 

Cushions 

3-30 1100C 
2,420 

(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 

(2270) 

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 [3] 
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Table 2. MASH 2016 Evaluation Criteria for Thrie-Beam 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 g’s 20.49 g’s 

 

As noted previously, Phase I of the research effort consisted of the evaluation of the thrie-

beam bullnose system with three critical tests from the recommended MASH 2016 test matrix. 

Based on the previous development and testing of the thrie-beam bullnose system, it was believed 

that test designation nos. 3-32, 3-34, and 3-35 would be the most critical for evaluation of the 

system. Test designation nos. 3-34 and 3-35 are conducted at the critical impact point (CIP) of the 

non-gating, redirective crash cushions where it is unknown if the bullnose will capture or redirect 

the vehicle. Because of difficulties in passing tests regarding the CIP at the point of 

capture/redirection in past evaluations, it was believed that these tests should be evaluated early in 

the effort. Another concern with the bullnose system evaluation under MASH was the capture and 

safe deceleration of the 1100C small car vehicle. As such, it was recommended that test 

designation no. 3-32 be conducted early in the research effort to determine the validity of this 

concern. 
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Test designation nos. 3-34 and 3-35 are required to be conducted at a CIP where the 

behavior of the crash cushion transitions between capture and redirection of the impacting vehicle. 

In order to identify CIPs for these impacts, MwRSF reviewed previous testing of the thrie-beam 

bullnose system and end terminals and compared this data with the MASH 2016 impact conditions 

for test designation nos. 3-34 and 3-35. When testing the steel and wood post bullnose according 

to NCHRP Report No. 350 criteria, MwRSF conducted a test similar to MASH 2016 test 

designation no. 3-35 with the 2000P vehicle impacting the system at post no. 2 at an angle of 20 

degrees, and it proved to be a very difficult test to pass. For reference, a schematic of the bullnose 

system with post numbers is provided in Figure 1. For MASH 2016 test designation no. 3-35, the 

impact angle increased to 25 degrees, and the mass of the pickup truck increased. Thus, there was 

reason to expect that when impacted at post no. 2, the bullnose system would capture the vehicle 

rather than redirect it. It was also expected that the potential is greater for the system to redirect 

the vehicle when nearing post no. 5, which is when the rail becomes parallel to the road and the 

impact is 12.5 ft (3.8 m) from the anchor. This behavior would correlate with post no. 3 for a 

standard guardrail end terminal, which is typically used for the beginning of length of need (LON) 

in terminal impacts. Thus, it was determined that the CIP for MASH test designation no. 3-35 be 

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

beginning of LON/redirection point at post no. 5. 

A small car test of the CIP of the transition from capture to redirection was not conducted 

on the thrie-beam bullnose under NCHRP Report No. 350 as it was not required. Due to the lack 

of previous thrie-beam bullnose data related to this test, the researchers reviewed MASH terminal 

testing for the MSKT [10] and the SoftStop [11]. Note that these systems have posts a 75-in. post 

spacing while the bullnose uses 37 ½-in. post spacing, as shown in Figure 1. Test designation no. 

3-34 on the SoftStop impacted at post no. 1 in the system (at the impact head). Test designation 

no. 3-35 on the Softstop was conducted at the beginning of LON, and the impact point was at post 

no. 3. For the MSKT, test designation no. 3-34 was conducted with the impact point at post no. 2, 

and test designation no. 3-35 was conducted with the impact point at post no. 3. Thus, it appeared 

that test designation no. 3-34 has been typically conducted upstream from the system’s LON point 

based on the test having a reduced impact angle of 15 degrees and the lighter vehicle mass than 

test designation no. 3-35. Because the thrie-beam bullnose uses as similar cable anchorage to 

existing end terminal designs near the nose, it was believed that test designation no. 3-34 should 

be conducted upstream of the LON for end terminals, which would correspond to the third post on 

a typical end terminal and the fifth post on the thrie-beam bullnose. Additionally, it was noted 

previously that test designation no. 3-35 should be conducted on the thrie-beam bullnose with the 

CIP located at post no. 3. Thus, the 1100C impact in test designation no. 3-34 should be located 

upstream from post no. 3 due to the lighter vehicle mass and reduced impact angle. Placement of 

the CIP at post no. 1 would eliminate the potential for vehicle redirection as the cable anchorage 

is connected to that post. Thus, post no. 2 on the thrie-beam bullnose was selected as the CIP for 

evaluation of the transition of the system’s behavior from capture to redirection for test designation 

no. 3-34.  

Finally, MASH 2016 test designation no. 3-32 consists of a 1100C vehicle impacting the 

center of the nose of the system at an angle ranging from 5 to 15 degrees. The lower end of the 

angle range is typically recommended for evaluation of gating end terminal systems. MASH 2016 

recommends that non-gating redirective systems be impacted at a 15-degree angle for this test. 
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Thus, the thrie-beam bullnose was evaluated with at 15-degree impact angle in test designation no. 

3-32.  

It should be noted that the remaining tests recommended in the MASH 2016 test matrix for 

non-gating, redirective crash cushions will be addressed in subsequent research if the initial critical 

tests are successful.  

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 

documented herein 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, additional 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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Figure 1. Bullnose Schematic with Post Nos. 
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3 DESIGN DETAILS 

The test installation consisted of a thrie-beam, bullnose median barrier system, which 

utilized USBPs, as shown in Figures 2 through 27. Photographs of the test installations are shown 

in Figures 28 through 35. Material specifications, mill certifications, and certificates of conformity 

for the system materials are shown in Appendix A.  

A one-half barrier system was utilized for the testing program in order to reduce costs and 

construction time. Note that a dual cable end anchorage was used on each end of the system to 

provide tensile and compressive resistance at the end of the one-half barrier system, thus 

mimicking the proper resistance of a complete installation. The 177¼-in. (4502-mm) bullnose 

system was constructed with twenty-eight posts, with fourteen posts positioned on each side of the 

system. The two sides of the system were labeled Side A and Side B, and their posts were 

numbered A1 to A14 and B1 to B14 respectively. Each side of the system contained two BCT 

posts, six UBSPs, four W6x8.5 standard guardrail posts, and two BCT anchorage posts, 

respectively, from the nose of the system. Note that both W6x8.5 and W6x9 post sections have 

been typically been allowed for both the line posts and the upper section of the UBSP as these 

posts have very similar section properties and have been used interchangeably in guardrail 

systems. The lower portion of the UBSP consisted of a foundation tube with the lower base plate. 

The upper portion of the UBSP consisted of a post with the upper base plate. The upper and lower 

halves of the UBSP were connected with a series of four bolts that were designed to allow the 

upper portion of the post to disengage a specific force levels when loaded in the lateral and 

longitudinal directions.  

Two minor modifications were made to the UBSP as compared to iterations of the post 

design evaluated in previous research efforts [7-9, 12]. First, several weld sizes were altered for 

the welds connecting the W-section to the upper base plate and the tube to the lower base plate. 

These welds were reduced in size as the original welds were specified too large for the thickness 

of the welded parts and the additional weld was unnecessary. Thus, the weld connecting the top of 

the W6x8.5 post to the upper baseplate was changed to a ¼-in. (6-mm) fillet weld on the front and 

back of each post flange and to a 3/16-in. (5-mm) fillet weld on each side of the web. The weld 

connecting the tube to the lower base plate was changed to a 3/16-in. (5-mm) fillet weld around the 

tube.  

The second modification to the UBSP was a slight increase of the thickness of the base 

plate on the lower section of the post. Previous full-scale crash testing of systems with the UBSP 

demonstrated a tendency for deformation of the lower base plate during impact events. A slight 

increase in the thickness of the base plate was not expected to degrade the performance of the 

UBSP. However, it was anticipated that the thickness increase could prevent damage to the lower 

section of the UBSP and allow the lower section to be reused in an installation. Reuse of the base 

of the post would provide a significant reduction in the repair costs of the system by eliminating 

the need to dig up and replace the UBSP following an impact. Thus, the thickness of the base plate 

on the lower section of the post was increased from ½ in. (13 mm) to ⅝ in. (16 mm).  

All posts were embedded in a coarse, crushed limestone aggregate. The soil was compacted 

in 3-ft (610-mm) diameter augured holes using 8-in. (203-mm) lifts. Also, the fracturing bolts in 

the breakaway posts were torqued to 60 to 75 ft-lb (81.3 to 101.7 N-m) for the full-scale crash 

testing program. 
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Figure 2. Test Installation Layout, Test Nos. MSPBN-1 
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Figure 3. Test Installation Layout, Test No. MSPBN-2 
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Figure 4. Test Installation Layout, Test No. MSPBN-3 
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Figure 5. Layout for Post Locations, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 6. Alternate Coordinate System for the Layout of Post Locations, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 7. Post Nos. 3 through 8 and 9 through 12 Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 8. Post Nos. 1 and 2 Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 9. End Rail Splice Detail, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 10. Nose Section Detail, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 11. Anchor Post Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 12. UBSP and Component Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 13. Upper and Lower Post Assembly Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 14. UBSP Component Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 15. W6x9 Post and Blockout Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 16. BCT Timber Posts and Foundation Tube Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 17. BCT Anchor Cable Detail, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 18. Nose Cable Detail, Test Nos. MSPBN-1 through MSPBN-3 



 

 

2
6
 

A
u
g
u
st 2

7
, 2

0
2
0  

M
w

R
S

F
 R

ep
o
rt N

o
. T

R
P

-0
3
-3

8
9
-2

0 

 

Figure 19. BCT Anchorage Detail, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 20. Rail Section Details Section No. 1, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 21. Rail Section Details Section No. 2, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 22. Rail Section Details Section Nos. 3 and 4, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 23. Rail Section Details Section No. 5, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 24. System Hardware, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 25. System Hardware, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 26. Bill of Materials, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 27. Bill of Materials, Test Nos. MSPBN-1 through MSPBN-3
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Figure 28. Test Installation Photographs, Test No. MSPBN-1
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Figure 29. Test Installation Photographs, Test No. MSPBN-1  
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Figure 30. Test Installation Photographs, Test No. MSPBN-1 
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Figure 31. Test Installation Photographs, Test No. MSPBN-2
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Figure 32. Test Installation Photographs, Test No. MSPBN-2 
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Figure 33. Test Installation Photographs, Test No. MSPBN-2 
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Figure 34. Test Installation Photographs, Test No. MSPBN-3
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Figure 35. Test Installation Photographs, Test No. MSPBN-3 
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Figure 36. Test Installation Photographs, Test No. MSPBN-3 
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4 TEST CONDITIONS 

4.1 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. 

4.2 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 [13] was used to steer the test vehicle. A 

guide flag, attached to the right-front wheel for test nos. MSPBN-1 and MSPBN-2 and attached to 

the left-front wheel for test no. MSPBN-3 and the guide cable, was sheared off before impact with 

the barrier system. The ⅜-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. 

4.3 Test Vehicles 

For test no. MSPBN-1, a 2010 Dodge RAM 1500 quad cab pickup truck was used as the 

test vehicle. The curb, test inertial, and gross static vehicle weights were 5,108 lb (2,317 kg), 5,001 

lb (2,268 kg), and 5,162 lb (2,341 kg), respectively. The test vehicle is shown in Figures 37 and 

38, and vehicle dimensions are shown in Figure 39. 

For test no. MSPBN-2, a 2010 Kia Rio was used as the test vehicle. The curb, test inertial, 

and gross static vehicle weights were 2,476 lb (1,123 kg), 2,448 lb (1,110 kg), and 2,610 lb (1,184 

kg), respectively. The test vehicle is shown in Figures 40 and 41, and vehicle dimensions are shown 

in Figure 42. 

For test no. MSPBN-3, a 2011 Hyundai Accent was used as the test vehicle. The curb, test 

inertial, and gross static vehicle weights were 2,464 lb (1,118 kg), 2,441 lb (1,107 kg), and 2,599 

lb (1,179 kg), respectively. The test vehicle is shown in Figures 43 and 44, and vehicle dimensions 

are shown in Figure 45. Note that pre-test photographs of the three vehicles’ undercarriages were 

not taken and thus are not available.  

It should be noted that the test vehicles used were within 6 years of the research project 

contract date. Additionally, it should be noted that the vehicle hood height denoted for the small 

car vehicle in test no. MSPBN-3 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 
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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 [14] 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 vehicles 

were 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. locations for the test inertial 

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

procedure published by SAE [15]. The location of the final c.g. is shown in Figures 39, 42, and 

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

B. 

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 46 through 48. Round, checkered targets were placed on 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 vehicle’s left-side windshield wiper for test nos. MSPBN-1 and 

MSPBN-2, under the vehicle’s right-side windshield wiper for test no. MSPBN-3, 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 remote-controlled brake system was installed in the test vehicles 

so the vehicles could be brought safely to a stop after the tests. 
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Figure 37. Test Vehicle, Test No. MSPBN-1 
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Figure 38. Test Vehicle Floor Pan, Test No. MSPBN-1 
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Figure 39. Vehicle Dimensions, Test No. MSPBN-1 

Date: Test Name: VIN No:

Year: Make: Model:

Tire Size: Tire Inflation Pressure: Odometer:

Vehicle Geometry - in. (mm)
Target Ranges listed below

a: 79 1/8 (2010) b: 74 3/8 (1889)

c: 229 1/4 (5823) d: 48 1/8 (1222)

e: 140 1/4 (3562) f: 41 1/4 (1048)

g: 28 3/8 (721) h: 60 9/16 (1538)

i: 8 5/8 (219) j: 27 1/8 (689)

k: 19 1/2 (495) l: 29 (737)

m: 67 (1702) n: 67 3/4 (1721)

o: 46 1/8 (1172) p: 4 3/4 (121)

q: 31 3/4 (806) r: 18 1/2 (470)

s: 14 (356) t: 80 1/2 (2045)

Mass Distribution   lb  (kg) 14 3/4 (375)

Gross Static LF 1531 (694) RF 1409 (639) 15 (381)

LR 1123 (509) RR 1099 (498) 35 (889)

37 3/4 (959)

Weights 

lb (kg) 13 3/4 (349)

W-front 2911 (1320) 2841 (1289) 2940 (1334) 20 3/4 (527)

W-rear 2197 (997) 2160 (980) 2222 (1008) Engine Type:

W-total 5108 (2317) 5001 (2268) 5162 (2341) Engine Size:

Transmission Type:

Drive Type:

Front Type: Cab Style:

Rear Mass: Bed Length:

Total Seat Position:

43±4 (1100±75)

148±12 (3760±300)

min: 28 (710)

152153

5000±110 (2270±50) 5165±110 (2343±50)

Test Inertial Gross Static

63±4 (1575±100)

39±3 (1000±75)

67±1.5 (1700±38) 67±1.5 (1700±38)

Automatic

Curb

Gasoline

4.7L V8

Wheel Center

 Height (Front):

Wheel Center 

Height (Rear):

Wheel Well 

Clearance (Front):

Wheel Well 

Clearance (Rear):

Bottom Frame 

Height (Front):

Bottom Frame 

Height (Rear):

MSPBN-1

37 Psi

78±2 (1950±50)

237±13 (6020±325)

2010

3/3/2017

Dodge

265/70 R17 115 S

1D7RB1GP9AS171061

RAM 1500

Quad Cab

76"

Some paint is scuffed off the corner of the driver side front fender.Note any damage prior to test:

RWDGVWR Ratings lb

3700

3900

Driver6700

Dummy Data

Hybrid II

161 lb
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Figure 40. Test Vehicle, Test No. MSPBN-2 
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Figure 41. Test Vehicle Floor Pan, Test No. MSPBN-2 
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Figure 42. Vehicle Dimensions, Test No. MSPBN-2 

Date: Test Number: VIN:

Year: Make: Model:

Tire Size: Tire Inflation Pressure: Odometer:

Vehicle Geometry - in. (mm)
Target Ranges listed below

a: 65 1/4 (1657) b: 58 1/8 (1476)

c: 167 1/8 (4245) d: 35 5/8 (905)

e: 98 1/2 (2502) f: 33 1/8 (841)

g: 22 15/16 (583) h: 36 5/16 (922)

i: 8 (203) j: 23 (584)

k: 10 1/8 (257) l: 25 (635)

m: 57 3/4 (1467) n: 57 3/8 (1457)

o: 28 (711) p: 4 1/2 (114)

q: 23 3/4 (603) r: 15 3/8 (391)

s: 11 1/2 (292) t: 65 1/4 (1657)

Gross Static LF 837 (380) RF 791 (359) 29 (737)

LR 496 (225) RR 486 (220) 10 3/4 (273)

11 (279)
Weights 

lb (kg) 25 1/8 (638)

W-front 1577 (715) 1545 (701) 1628 (738) 24 5/8 (625)

W-rear 899 (408) 903 (410) 982 (445) 17 (432)

W-total 2476 (1123) 2448 (1110) 2610 (1184) 15 1/2 (394)

Engine Type:

Engine Size:

Front: Type: Transmission Type:

Rear: Mass: Drive Type:

Total: Seat Position:

Note any damage prior to test: none

GVWR Ratings lb Dummy Data 1.6L

1918 Hybrid II Automatic

1874 162 lb FWD

3638 Driver

Gasoline

24±4 (600±100)

Wheel Center

 Height (Front):

Wheel Center 

Height (Rear):

Curb Test Inertial Gross Static
Wheel Well 

Clearance (Front):

Wheel Well 

Clearance (Rear):

Bottom Frame 

Height (Front):

Bottom Frame 

Height (Rear):
2420±55 (1100±25) 2585±55 (1175±50)

Mass Distribution   lb (kg)

Top of radiator core 

support:

98±5 (2500±125) 35±4 (900±100)

39±4 (990±100)

56±2 (1425±50) 56±2 (1425±50)

169±8 (4300±200)

3/22/2017 KNADH4A34A6680510

2010 Rio

185/65R14 86T

65±3 (1650±75)

92256

MSPBN-2

Kia

0 Psi
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Figure 43. Test Vehicle, Test No. MSPBN-3 
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Figure 44. Test Vehicle Floor Pan, Test No. MSPBN-3 
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Figure 45. Vehicle Dimensions, Test No. MSPBN-3 

Date: Test Number: VIN:

Year: Make: Model:

Tire Size: Tire Inflation Pressure: Odometer:

Vehicle Geometry - in. (mm)
Target Ranges listed below

a: 65 3/4 (1670) b: 57 1/4 (1454)

c: 168 1/4 (4274) d: 37 (940)

e: 98 1/2 (2502) f: 32 3/4 (832)

g: 22 11/16 (576) h: 36 13/16 (935)

i: 9 (229) j: 22 (559)

k: 11 1/2 (292) l: 22 1/2 (572)

m: 57 3/4 (1467) n: 57 3/8 (1457)

o: 29 (737) p: 4 (102)

q: 23 1/2 (597) r: 15 1/2 (394)

s: 11 1/2 (292) t: 64 1/2 (1638)

Gross Static LF 806 (366) RF 809 (367) 29 (737)

LR 485 (220) RR 499 (226) 10 3/4 (273)

10 7/8 (276)
Weights 

lb (kg) 25 1/4 (641)

W-front 1566 (710) 1528 (693) 1615 (733) 24 5/8 (625)

W-rear 898 (407) 913 (414) 984 (446) 6 1/2 (165)

W-total 2464 (1118) 2441 (1107) 2599 (1179) 15 7/8 (403)

Engine Type:

Engine Size:

Front: Type: Transmission Type:

Rear: Mass: Drive Type:

Total: Seat Position:

Note any damage prior to test: small dent/scrape along driver's sidetop rear wheel arch

GVWR Ratings lb Dummy Data 1.6L

1918 Hybrid II Automatic

1874 158 lb FWD

3638 Passenger

4 cyl. Gas

24±4 (600±100)

Wheel Center

 Height (Front):

Wheel Center 

Height (Rear):

Curb Test Inertial Gross Static
Wheel Well 

Clearance (Front):

Wheel Well 

Clearance (Rear):

Bottom Frame 

Height (Front):

Bottom Frame 

Height (Rear):
2420±55 (1100±25) 2585±55 (1175±50)

Mass Distribution   lb  (kg)

Top of radiator core 

support:

98±5 (2500±125) 35±4 (900±100)

39±4 (990±100)

56±2 (1425±50) 56±2 (1425±50)

169±8 (4300±200)

4/11/2017 KMHCN4AC5BU612118

2011 Accent

P185/65 R14

65±3 (1650±75)

108388

MSPBN-3

Hyundai

32 Psi
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Figure 46. Target Geometry, Test No. MSPBN-1 
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Figure 47. Target Geometry, Test No. MSPBN-2
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Figure 48. Target Geometry, Test No. MSPBN-3 
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4.4 Simulated Occupant 

For test nos. MSPBN-1, MSPBN-2, and MSPBN-3, a Hybrid II 50th-Percentile, Adult Male 

Dummy, equipped with clothing and footwear, was placed in the left-front seat of the test vehicle 

with the seat belt fastened. The dummy had a final weight of 161 lb (73 kg), 162 lb (73 kg) and 

158 lb (72 kg) for test nos. MSPBN-1, MSPBN-2, and MSPBN-3, respectively. As recommended 

by MASH 2016, the dummy was not included in calculating the c.g. location. 

4.5 Data Acquisition Systems 

4.5.1 Accelerometers 

Two environmental shock and vibration sensor/recorder systems were used to measure the 

accelerations in the longitudinal, lateral, and vertical directions. Both accelerometers were 

mounted near the c.g. of the test vehicles. The electronic accelerometer data obtained in dynamic 

testing was filtered using the SAE Class 60 and the SAE Class 180 Butterworth filter conforming 

to the SAE J211/1 specifications [16]. 

The two systems, the SLICE-1 and SLICE-2 units, were modular data acquisition systems 

manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. For test no. 

MSPBN-1, the SLICE-2 unit was designated as the primary system, and for test nos. MSPBN-2 

and MSPBN-3, the SLICE-1 unit was designated as the primary system. The acceleration sensors 

were mounted inside the bodies of custom-built, SLICE 6DX event data recorders and recorded 

data at 10,000 Hz to the onboard microprocessor. Each SLICE 6DX was configured with 7 GB of 

non-volatile flash memory, a range of ±500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 

1000) anti-aliasing filter. The “SLICEWare” computer software program and a customized 

Microsoft Excel worksheet were used to analyze and plot the accelerometer data.  

4.5.2 Rate Transducers 

Two identical angle rate sensor systems mounted inside the bodies of the SLICE-1 and 

SLICE-2 event data recorders were used to measure the rates of rotation of the test vehicle. Each 

SLICE MICRO Triax ARS had a range of 1,500 degrees/sec in each of the three directions (roll, 

pitch, and yaw) and recorded data at 10,000 Hz to the onboard microprocessors. The raw data 

measurements were then downloaded, converted to the proper Euler angles for analysis, and 

plotted. The “SLICEWare” computer software program and a customized Microsoft Excel 

worksheet were used to analyze and plot the angular rate sensor data.  

4.5.3 Retroreflective Optic Speed Trap 

The retroreflective optic speed trap was used to determine the speed of the test vehicle 

before impact. Five retroreflective targets, spaced at approximately 18-in. (457-mm) intervals, 

were applied to the side of the vehicle. When the emitted beam of light was reflected by the targets 

and returned to the Emitter/Receiver, a signal was sent to the data acquisition computer, recording 

at 10,000 Hz, as well as the external LED box activating the LED flashes. The speed was then 

calculated using the spacing between the retroreflective targets and the time between the signals. 

LED lights and high-speed digital video analysis are only used as a backup in the event that vehicle 

speeds cannot be determined from the electronic data. 
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4.5.4 Digital Photography 

Five AOS high-speed digital video cameras, eight GoPro digital video cameras, and four 

JVC digital video cameras were utilized to film test no. MSPBN-1. Five AOS high-speed digital 

video cameras, eight GoPro digital video cameras, and four JVC digital video cameras were 

utilized to film test no. MSPBN-2. Five AOS high-speed digital video cameras and eleven GoPro 

digital video cameras were utilized to film test no. MSPBN-3. Camera details, camera operating 

speeds, lens information, and a schematic of the camera locations relative to the system are shown 

in Figures 49, 50, and 51 respectively. Note that in test no. MSPBN-1, camera views from JVC-1 

and JVC-2 are not available due to technical difficulties.  

The high-speed videos were analyzed using ImageExpress MotionPlus, TEMA Motion, 

and Redlake MotionScope software programs. Actual camera speed and camera divergence factors 

were considered in the analysis of the high-speed videos. A digital still camera was also used to 

document pre- and post-test conditions for all tests. 
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No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-2 AOS Vitcam CTM 500 KOWA 25mm Fixed - 

AOS-5 AOS X-PRI Gigabit 500 SIGMA 28-70 70 

AOS-6 AOS X-PRI Gigabit 500 FUJINON 35mm Fixed - 

AOS-8 AOS S-VIT 1531 500 SIGMA 28-70 OG  35 

AOS-9 AOS TRI-VIT 500 KOWA 12 Fix - 

GP-3 GoPro Hero 3+ 120   

GP-4 GoPro Hero 3+ 120   

GP-5 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

GP-7 GoPro Hero 4 120   

GP-8 GoPro Hero 4 120   

GP-9 GoPro Hero 4 240   

GP-10 GoPro Hero 4 240   

JVC-1 JVC – GZ-MC500 (Everio) 29.97   

JVC-2 JVC – GZ-MG27u (Everio) 29.97   

JVC-3 JVC – GZ-MG27u (Everio) 29.97   

JVC-4 JVC – GZ-MG27u (Everio) 29.97   

Figure 49. Camera Locations, Speeds, and Lens Settings, Test No. MSPBN-1 
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No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-5 AOS Vitcam CTM 500 SIGMA 28-70 70 

AOS-6 AOS X-PRI Gigabit 500 FUJINON 50 mm Fixed - 

AOS-7 AOS X-PRI Gigabit 500 SIGMA 28-70 DG 70 

AOS-8 AOS S-VIT 1531 500 FUJINON 35 mm Fixed - 

AOS-9 AOS TRI-VIT 500 KOWA 12 mm Fix - 

GP-3 GoPro Hero 3+ 120   

GP-4 GoPro Hero 3+ 120   

GP-5 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

GP-7 GoPro Hero 4 120   

GP-8 GoPro Hero 4 120   

GP-9 GoPro Hero 4 240   

GP-10 GoPro Hero 4 240   

JVC-1 JVC – GZ-MC500 (Everio) 29.97   

JVC-2 JVC – GZ-MG27u (Everio) 29.97   

JVC-3 JVC – GZ-MG27u (Everio) 29.97   

JVC-4 JVC – GZ-MG27u (Everio) 29.97   

Figure 50. Camera Locations, Speeds, and Lens Settings, Test No. MSPBN-2 
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No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-2 AOS Vitcam CTM 500 FUJINON 35 mm Fixed - 

AOS-5 AOS X-PRI Gigabit 500 VIVITAR 135 mm Fixed - 

AOS-6 AOS X-PRI Gigabit 500 SIGMA 28-70 35 

AOS-8 AOS S-VIT 1531 500 SIGMA 28-70 35 

AOS-9 AOS TRI-VIT 500 KOWA 12 mm Fixed - 

GP-3 GoPro Hero 3+ 120   

GP-4 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

GP-7 GoPro Hero 4 240   

GP-8 GoPro Hero 4 240   

GP-9 GoPro Hero 4 240   

GP-10 GoPro Hero 4 120   

GP-15 GoPro Hero 4 240   

GP-16 GoPro Hero 4 240   

GP-17 GoPro Hero 4 120   

GP-18 GoPro Hero 4 120   

Figure 51. Camera Locations, Speeds, and Lens Settings, Test No. MSPBN-3 
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5 FULL-SCALE CRASH TEST NO. MSPBN-1  

5.1 Static Soil Test 

Before full-scale crash test no. MSPBN-1 was conducted, the strength of the foundation 

soil was evaluated with a static test, as described in MASH 2016. The static test results, as shown 

in Appendix C, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided 

adequate strength, and full-scale crash testing could be conducted on the barrier system. 

5.2 Weather Conditions 

Test no. MSPBN-1 was conducted on March 3, 2017 at approximately 2:30 p.m. The 

weather conditions as per the National Oceanic and Atmospheric Administration (station 

14939/LNK) were reported and are shown in Table 3. 

Table 3. Weather Conditions, Test No. MSPBN-1 

Temperature 55° F 

Humidity 28 % 

Wind Speed 23 mph (37 km/h) 

Wind Direction 170° from True North 

Sky Conditions Sunny / Overcast 

Visibility 10 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation  0 in. (0 mm) 

Previous 7-Day Precipitation  0.09 in. (2.3 mm) 

 

5.3 Test Description 

Initial vehicle impact was to occur at the centerline of post no. 3, which was selected based 

on prior testing as described in Chapter 2, as shown in Figure 52. The 5,001-lb (2,268-kg) quad 

cab pickup truck impacted the bullnose with breakaway steel posts at a speed of 62.9 mph (101.3 

km/h) and at an angle of 25.1 degrees. The actual point of impact was 2.7 in. (69 mm) downstream 

from the centerline of post no. 3. After initial impact, the vehicle was contained and safely 

redirected by the bullnose system. As the vehicle redirected, UBSP nos. A5 through A8 disengaged 

due to fracture of the base plate bolts. This post disengagement created limited vehicle pocketing 

and snag at post nos. A9 and A10, which were the first two standard W6x8.5 line posts in the 

system. However, this behavior did not compromise vehicle capture or stability and did not 

negatively affect the occupant risk values. The vehicle came to rest 66 ft – 1 in. (20.1 m) 

downstream from and 1 ft (300 mm) behind the initial impact point after the brakes were applied.  

A detailed description of the sequential impact events is contained in Table 4. Sequential 

photographs are shown in Figures 53 through 54. Documentary photographs of the crash test are 

shown in Figure 55. The vehicle trajectory and final position are shown in Figure 56.
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Figure 52. Impact Location, Test No. MSPBN-1 



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

 

65 

Table 4. Sequential Description of Impact Events, Test No. MSPBN-1 

TIME 

(sec) 
EVENT 

0.000 
Vehicle’s left-front bumper impacted rail at 2.7 in. (69 mm) downstream from 

centerline of post no. 3. 

0.002 
Vehicle’s front bumper deformed, post no. A3 deflected backward, and rail 

deformed. 

0.005 

Vehicle’s left fender contacted rail between post nos. A3 and A4. Post no. A4 

deflected backward, vehicle’s left headlight and left fender deformed, and 

vehicle’s left headlight contacted rail between post nos. A3 and A4. 

0.009 Vehicle’s grille contacted rail between post nos. A3 and A4 and deformed. 

0.012 Post no. A5 deflected backward. 

0.014 Soil heave formed on non-traffic flange of post no. A3. 

0.018 Post no. A6 deflected backward. 

0.020 Post no. A7 deflected backward. 

0.022 
Post no. A4 rotated counterclockwise, soil heave formed on non-traffic flange of 

post no. A4, and vehicle’s left headlight shattered. 

0.028 Post no. A1 deflected downstream. 

0.030 Soil heave formed on non-traffic flange of post no. A5. 

0.036 Post no. A2 rotated counterclockwise, and post no. A3 rotated counterclockwise. 

0.040 Vehicle yawed away from barrier, and post no. A2 deflected downstream. 

0.043 Post no. A5 rotated downstream about blockout no. A5. 

0.048 Post no. A9 rotated clockwise. 

0.050 Vehicle’s hood deformed. 

0.054 Vehicle’s left-front door experienced flexure. 

0.066 Soil heave formed on non-traffic flange of post no. A6. 

0.068 
Post no. A8 deflected backward, piece of vehicle’s left fender disengaged, and 

post no. A5 disengaged from foundation post. 

0.072 Vehicle rolled away from barrier. 

0.076 Post no. A9 deflected backward. 

0.078 Vehicle’s left-front door contacted rail and deformed. 

0.086 Vehicle’s left-front tire contacted post no. A5. 

0.088 Post no. A10 deflected backward. 

0.090 Blockout no. A6 disengaged from rail at post no. A6. 

0.096 Post no. A6 disengaged from foundation post. 

0.108 Soil heave formed on non-traffic flange of post no. A7. 

0.114 Vehicle pitched forward. 

0.120 Vehicle’s left-rear door contacted rail and deformed. 

0.126 Vehicle’s left-front tire contacted post no. A6. 

0.128 Blockout no. A7 disengaged from rail at post no. A7. 

0.130 Post no. A7 disengaged from foundation post. 
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Table 5. Sequential Description of Impact Events, Test No. MSPBN-1, Cont. 

TIME 

(sec) 
EVENT 

0.148 Soil heave formed on the non-traffic flange of post no. A8. 

0.166 Vehicle pitched downward. 

0.172 Vehicle’s left-front tire contacted post no. A7. 

0.186 Post no. A9 bent backward. 

0.192 Soil heave formed on the non-traffic flange of post no. A9. 

0.194 
Vehicle’s grille disengaged, and vehicle’s left quad panel contacted rail at post 

no. A4 and deformed. 

0.200 Post no. A8 disengaged from foundation post. 

0.222 Vehicle’s rear bumper deformed. 

0.260 Post no. A8 rotated downstream about blockout no. A8. 

0.279 Post no. A10 rotated counterclockwise. 

0.280 Post no. A10 bent downstream. 

0.282 Blockout no. A9 disengaged from the rail at post no. A9. 

0.290 Vehicle was parallel to system at a speed of 40.4 mph (65.1 km/h). 

0.308 Soil heave formed on non-traffic flange of post no. A10. 

0.434 Vehicle rolled toward barrier. 

0.451 Vehicle yawed toward barrier. 

0.499 Blockout no. A10 disengaged from rail at post no. A10. 

0.502 Vehicle’s left-front tire disengaged. 

0.618 Vehicle pitched forward. 

0.738 
Vehicle exited system at a speed of 17.8 mph (28.6 km/h) and an angle of 18.9 

degrees. 

0.846 Vehicle pitched downward. 

0.897 Vehicle’s left-front tire detached. 

1.965 System came to rest. 
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0.000 sec 

 
0.036 sec 

 
0.076 sec 

 
0.114 sec 

 
0.260 sec 

 
0.738 sec 

 
0.000 sec 

 
0.050 sec 

 
0.128 

 
0.280 sec 

 
0.451 sec 

 
0.738 sec

Figure 53. Sequential Photographs, Test No. MSPBN-1



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

68 

 
0.000 sec 

 
0.050 sec 

 
0.078 sec 

 
0.114 sec 

 
0.194 sec 

 
0.290 sec 

 
0.000 sec 

 
0.036 sec 

 
0.066 sec 

 
0.114 sec 

 
0.194 sec 

 
0.290 sec 

 

Figure 54. Additional Sequential Photographs, Test No. MSPBN-1



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

69 

 

 

 

 

 

 

 

 

Figure 55. Documentary Photographs, Test No. MSPBN-1 
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Figure 56. Vehicle Final Position and Trajectory Marks, Test No. MSPBN-1 
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5.4 Barrier Damage 

Damage to the barrier was moderate, as shown in Figures 57 through 65. Barrier damage 

consisted of contact marks on the front face of the guardrail, kinking and flattening of the rail, and 

post deformation and disengagement. The length of vehicle contact along the barrier was 

approximately 38 ft – 10 in. (11.8 m), which spanned from 4¼ in. (108 mm) downstream from the 

center target at post no. 3 to 20 in. (508 mm) downstream from the center of the target at post no. 

11.  

The foundation tube of post no. A1 was crushed in on the upstream side. Post no. A2 

fractured on the upstream side of the post at the foundation tube bolt. The post base bolts of post 

nos. A5 through A8 fractured at the ground line. Post nos. A6 and A7 were detached from the rail. 

Post no. A9 was bent backward and downstream, the blockout disengaged from the post and the 

rail, the guardrail bolt fractured, and there were dents on the front and back upstream flanges 17 

in. (432 mm) and 20½ in. (521 mm) from the top of the post, respectively. The back upstream 

flange of post no. B9 was dented 18½ in. (470 mm) from the bottom by post no. A7, which flew 

backward. 

Kinks in the thrie-beam were located at the center of the target of post no. A1, 10 in. (254 

mm) and 24 in. (610 mm) downstream from the target and on the lower face of the lower 

corrugation 12 in. (305 mm) downstream from post no. A1. The rail was dented on the upper face 

of the lower corrugation, 10½ in. (267 mm) upstream from the center of post no. A2. Kinks were 

located on the top of the rail at 2 in. (51 mm), 3 in. (76 mm), 8¾ in. (222 mm) and 34½ in. (876 

mm) downstream from the center target of post no. A2. Multiple dents were located between post 

nos. A2 and A4. The rail began to flatten 35 in. (889 mm) downstream from post no. A3. A 3-in. 

(76-mm) diameter dent was located 8 in. (203 mm) upstream from the center of post no. A5. A 

kink was found 1 in. (25 mm) upstream from post no. A5 on the bottom on the rail. A 1⅛-in. (29-

mm) tear was found on the top face of the upper corrugation of the top upstream bolt hole of the 

splice at post no. A5. A kink was found 13 in (330 mm) downstream from post no. A5 on the top 

face of the top flange and 27 in. (686 mm) downstream from post no. A5 on the lower face of the 

lower corrugation. Kinks were located on the top flange of the rail at 2 in. (51 mm) and 28 in. (711 

mm) downstream from the centerline of post no. A6 and on the lower flange of the rail 14 in. (356 

mm) and 34½ in. (876 mm) downstream from post no. A6. The top flange of the rail was kinked 

10½ in. (267 mm), 38½ in. (978 mm) and 55½ in. (1,410 mm) downstream from post no. A7, and 

the rail was kinked on the bottom flange 18 in. (457 mm), 37 in. (940 mm), and 58½ in. (1,486 

mm) downstream from post no. A7. Kinking was found on the bottom rail flange 20 in. (508 mm) 

and 47½ in. (1,207 mm) downstream from post no. A8 and on the top rail flange, 4½ in. (114 mm) 

and 45 in. (1,143 mm) downstream from post no. A8. The rail along the centerline of post no. A9 

was kinked on bottom flange and had a 6-in. (152-mm) diameter, ½-in. (13-mm) deep dent. Kinks 

were located on the top rail flange, 5 in. (127 mm), 39 in. (991 mm), and 67½ in. (1,715 mm) 

downstream from post no. A10 and on the bottom rail flange 38 in. (965 mm) and 89 in. (2,261 

mm) downstream from post no. A10. The post bolt of post no. A11 began to pull through the rail. 

Post no. A1 was pushed back and downstream, resulting in a 1-in. (25-mm) soil gap upstream and 

¼-in. (6-mm) soil gap on the front side of the post. 
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Figure 57. System Damage, Test No. MSPBN-1 
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Figure 58. Post Nos. A1 through A5 Damage, Test No. MSPBN-1 
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Figure 59. Post Nos. A6 through A13 Damage, Test No. MSPBN-1
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Figure 60. Post Nos. A1 through A3 Damage, Test No. MSPBN-1
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Figure 61. Post Nos. A4 and A5 Damage, Test No. MSPBN-1
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Figure 62. Post Nos. A6 and A7 Damage, Test No. MSPBN-1
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Figure 63. Post Nos. A8 and A9 Damage, Test No. MSPBN-1
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Figure 64. Post Nos. A10 and A11 Damage, Test No. MSPBN-1
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Figure 65. Post No. B9 Damage, Test No. MSPBN-1 
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The maximum lateral dynamic barrier deflection was 46.2 in. (1,173 mm) at the rail at post 

no. A6, as determined from high-speed digital video analysis. The vehicle was successfully 

redirected during the impact event. The system working width was 177.25 in. (4,502 mm) based 

on the width of the bullnose system. Note that working width for redirective impacts is defined 

based on the maximum of the lateral dynamic deflection of the system, the lateral extension of the 

vehicle, and the barrier width as measured from the front face of the barrier during a vehicle 

impact. However, the bullnose system is sufficiently wide to allow for lateral deflection and 

vehicle extension internal to the barrier width. Thus, the working width is defined based on the 

overall width of the system. The system deformation is shown in Figure 66. 

 

Figure 66. System Deformation After Impact, Test No. MSPBN-1 

5.5 Vehicle Damage 

The damage to the vehicle was moderate, as shown in Figures 67 through 71. The 

maximum occupant compartment intrusions are listed in Table 6 along with the intrusion limits 

established in MASH 2016 for various areas of the occupant compartment. MASH 2016 defines 

intrusion or deformation as the occupant compartment being deformed and reduced in size with 

no observed penetration. Note that none of the established MASH 2016 deformation limits were 

violated. Complete occupant compartment and vehicle deformations and the corresponding 

locations are provided in Appendix D. 

The majority of the damage was concentrated on the on the left-front corner and left-front 

side of the vehicle where the impact occurred. The entire grille assembly was disengaged from the 

front of the vehicle. A 21-in. x 6-in. (533-mm x 152-mm) section on the left side of the front facia 

above the front bumper was detached. The remainder of the front facia was only attached by a 

small section on the right side of the vehicle. The left headlight and left-front fog light were 

disengaged. The left side of the front bumper was dented and crushed inward. The left fender was 

bent up and inward, and the rear section was separated. The left-front wheel, brake assembly, and 

tie rod were disengaged. The inner wheel well plastic was dented and kinked, and the top portion 

was separated from the vehicle. The front of the left-front door had a series of dents and scrapes 

at the middle of the door. The left-rear corner of the cab and the front edge of the right quarter 

panel were dented and scraped. Dents and scraping were located on the left quarter panel just 

below the taillight. A 27-in. (686-mm) diameter spider web crack was found in the windshield due 

to right-side airbag activation. 



 

 

8
2
 

A
u
g
u
st 2

7
, 2

0
2
0  

M
w

R
S

F
 R

ep
o
rt N

o
. T

R
P

-0
3
-3

8
9
-2

0
 

 

 

 

Figure 67. Vehicle Damage, Test No. MSPBN-1 
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Figure 68. Vehicle Damage, Test No. MSPBN-1 
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Figure 69. Windshield Damage Test No. MSPBN-1
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Figure 70. Interior Floorboard Damage, Test No. MSPBN-1
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Figure 71. Undercarriage Damage, Test No. MSPBN-1 
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Table 6. Maximum Occupant Compartment Intrusion by Location, Test No. MSPBN-1 

LOCATION 

MAXIMUM 

INTRUSION 

in. (mm) 

MASH  2016 ALLOWABLE 

INTRUSION 

in. (mm) 

Wheel Well & Toe Pan ¼ (6) ≤ 9  (229) 

Floor Pan & Transmission Tunnel ⅜ (10) ≤ 12  (305) 

A-Pillar ⅜ (10) ≤ 5  (127) 

A-Pillar (Lateral) 0 (0) ≤ 3  (76) 

B-Pillar ¼ (6) ≤ 5  (127) 

B-Pillar (Lateral) 0 (0) ≤ 3  (76) 

Side Front Panel (in Front of A-Pillar) ¼ (6) ≤ 12  (305) 

Side Door (Above Seat) ½ (13) ≤ 9  (229) 

Side Door (Below Seat) ½ (13) ≤ 12  (305) 

Roof ⅝ (16) ≤ 4  (102) 

Windshield N/A ≤ 3  (76) 

Side Window Intact 
No shattering resulting from contact 

with structural member of test article 

Dash ⅜ (10) N/A 

N/A – No MASH 2016 criteria exist for this location 

5.6 Occupant Risk 

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average 

occupant ridedown accelerations (ORAs) in both the longitudinal and lateral directions, as 

determined from the accelerometer data, are shown in Table 7. Note that the OIVs and ORAs were 

within suggested limits, as provided in MASH 2016. The calculated THIV, PHD, and ASI values 

are also shown in Table 7. The recorded data from the accelerometers and the rate transducers are 

shown graphically in Appendix E. 
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Table 7. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MSPBN-1 

Evaluation Criteria 

Transducer 
MASH 2016 

Limits SLICE-1 
SLICE-2 

(primary) 

OIV 

ft/s (m/s) 

Longitudinal −19.76 (−6.02) −17.99 (−5.48) ±40 (12.2) 

Lateral 13.26 (4.04) 13.84 (4.22) ±40 (12.2) 

ORA 

g’s 

Longitudinal −11.74 −11.92 ±20.49 

Lateral 6.76 7.22 ±20.49 

MAX. 

ANGULAR 

DISPL. 

deg. 

Roll −13.33 −12.28 ±75 

Pitch −4.21 −4.70 ±75 

Yaw 32.85 31.60 not required 

THIV 

ft/s (m/s) 
21.72 (6.62) 21.88 (6.67) not required 

PHD 

g’s 
12.37 12.31 not required 

ASI 0.71 0.77 not required 

 

5.7 Discussion 

The analysis of the test results for test no. MSPBN-1 showed that the system adequately 

contained and redirected the 2270P vehicle with controlled lateral displacements of the barrier. A 

summary of the test results is shown in Figure 72. Detached elements, fragments, or other debris 

from the test article did not penetrate or show potential for penetrating the occupant compartment, 

or present an undue hazard to other traffic, pedestrians or work-zone personnel. Deformations of, 

or intrusions into, the occupant compartment that could have caused serious injury did not occur. 

The test vehicle did not penetrate nor ride over the barrier and remained upright during and after 

the collision. Vehicle roll, pitch, and yaw angular displacements, as shown in Appendix E, were 

deemed acceptable, because they did not adversely influence occupant risk nor cause rollover. 

After impact, the vehicle exited the barrier at an angle of 18.9 degrees, and its trajectory did not 

violate the bounds of the exit box. Therefore, test no. MSPBN-1 was determined to be acceptable 

according to the MASH 2016 safety performance criteria for test designation no. 3-35. 
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• Test Agency ............................................................................................................ MwRSF 

• Test Number ........................................................................................................ MSPBN-1 

• Date ............................................................................................................................ 3/3/17 

• MASH 2016 Test Designation No. ............................................................................... 3-35 

• Test Article ............................................................... Steel Bullnose with Breakaway Posts 

• Total Length  ..................................................................................................... 66 ft (20 m) 

• Key Component – Thrie Beam 

Thickness ......................................................................................... 12 gauge (2.7 mm) 

Mounting Height .............................................................................. 31⅝ in. (803 mm) 

• Key Component – Breakaway Steel Post 

Length........................................................................................... 72⅟16 in. (1,849 mm) 

Spacing ............................................................................................. 37½ in. (953 mm) 

• Soil Type  ................................................................................ Coarse, Crushed Limestone 

• Vehicle Make /Model ...................................... Dodge Ram 1500 Quad Cab Pickup Truck 

Curb ................................................................................................ 5,108 lb (2,317 kg) 

Test Inertial .................................................................................... 5,001 lb (2,268 kg) 

Gross Static .................................................................................... 5,162 lb (2,341 kg) 

• Impact Conditions 

Speed ........................................................................................ 62.9 mph (101.3 km/h) 

Angle ...............................................................................................................25.1 deg. 

Impact Location ....................................... 2.7 in. (69 mm) DS of the CL of post no. 3 

• Impact Severity 119.0 kip-ft (161.3 kJ) ≥ 106.0 kip-ft (144.0 kJ) limit from MASH 2016 

• Exit Conditions 

Speed .......................................................................................... 17.8 mph (28.6 km/h) 

Angle  ..............................................................................................................18.9 deg. 

• Exit Box Criterion ......................................................................................................... Pass  

• Vehicle Stability................................................................................................ Satisfactory 

• Vehicle Stopping Distance ......... 66 ft (20 m) downstream, 1 ft (300 mm) behind system 

• Vehicle Damage .................................................................................................... Moderate 

VDS [17]  ...................................................................................................... 11-LFQ-4 

CDC [18] .................................................................................................... 11-LFEW-5 

Maximum Interior Deformation ............................................................ ⅝ in. (16 mm) 

 

 

 

  

  

  

 

 

• Test Article Damage ............................................................................................. Moderate 

• Maximum Test Article Deflections 

Permanent Set ......................................................................................................... N/A 

Dynamic ........................................................................................ 46.2 in. (1,173 mm) 

Working Width ....................................................................... 177.25 in. (4,502 mm)* 

• Transducer Data 

Evaluation Criteria 

Transducer 
MASH 2016 

Limit SLICE-1 
SLICE-2 

(primary) 

OIV 

ft/s  

(m/s) 

Longitudinal −19.76 (−6.02) −17.99 (−5.48) ±40 (12.2) 

Lateral 13.26 (4.04) 
13.84  

(4.22) 
±40 (12.2) 

ORA 

g’s 

Longitudinal −11.74 −11.92 ±20.49 

Lateral 6.76 7.22 ±20.49 

MAX 

ANGULAR 

DISP. 

deg. 

Roll −13.32 −12.28 ±75 

Pitch −4.21 −4.70 ±75 

Yaw 32.85 31.60 Not required 

THIV – ft/s (m/s) 21.72 (6.62) 21.88 (6.67) Not required 

PHD – g’s 12.37 12.31 Not required 

ASI 0.71 0.77 Not required 

*Note: Working width was defined based on overall system width and not interior dynamic 

deflections or vehicle extension interior to the barrier 

Figure 72. Summary of Test Results and Sequential Photographs, Test No. MSPBN-1 

0.000 sec 0.088 sec 0.292 sec 0.499 sec 0.897 sec 
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6 FULL-SCALE CRASH TEST NO. MSPBN-2  

6.1 Static Soil Test 

Before full-scale crash test no. MSPBN-2 was conducted, the strength of the foundation 

soil was evaluated with a static test, as described in MASH 2016. The static test results, as shown 

in Appendix C, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided 

adequate strength, and full-scale crash testing could be conducted on the barrier system.  

6.2 Weather Conditions 

Test no. MSPBN-2 was conducted on March 22, 2017 at approximately 1:30 p.m. The 

weather conditions as per the National Oceanic and Atmospheric Administration (station 

14939/LNK) were reported and are shown in Table 8. 

Table 8. Weather Conditions, Test No. MSPBN-2 

Temperature 53° F 

Humidity 26 % 

Wind Speed 16 mph (25.7 km/h) 

Wind Direction 120° from True North 

Sky Conditions Partly Cloudy 

Visibility 10 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation  0 in. 

Previous 7-Day Precipitation  0.01 in. (0.3 mm) 

 

6.3 Test Description 

Initial vehicle impact was to occur at the centerline of post no. 2, which was selected based 

on testing of similar systems as described in Chapter 2, as shown in Figure 73. The 2,448-lb (1,110-

kg) small car impacted the bullnose with breakaway steel posts at a speed of 62.1 mph (100.0 

km/h) and at an angle of 14.7 degrees. The actual point of impact was 0.6 in. (16 mm) upstream 

from the target impact location. After initial impact, the vehicle was captured and safely redirected 

by the bullnose system. As the vehicle redirected, BCT post no. 2 and UBSP post nos. 3 through 

6 were deflected laterally, but none of the posts disengaged. The cable anchorage at post no. 1 

remained engaged as well. The vehicle exited and came to rest 99 ft – 6 in. (30.3 m) downstream 

from and 25 ft – 1 in (7.7 m) in front of the initial impact point after brakes were applied. Note 

that some of the vehicle damage observed in the test was due to vehicle impact on an earth berm 

used to shield a portion of the test site after exiting the system.  

A sequential description of the impact events is contained in Table 9. Sequential 

photographs are shown in Figures 74 and 75. Documentary photographs of the crash test are shown 

in Figure 76. The vehicle trajectory and final position are shown in Figure 77. 
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Figure 73. Impact Location, Test No. MSPBN-2
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Table 9. Sequential Description of Impact Events, Test No. MSPBN-2 

TIME 

(sec) 
EVENT 

0.000 
Vehicle’s left-front bumper impacted rail 0.6 in. (16 mm) upstream from post no. 

2. 

0.008 Vehicle’s left headlight contacted rail between post nos. 2A and 3A. 

0.010 Vehicle’s hood deformed. 

0.012 Post no. 2A deflected backward. 

0.014 Vehicle’s left fender contacted rail. 

0.016 Post no. 1A deflected backward. 

0.018 Post no. 3A deflected backward, and vehicle’s left fender deformed. 

0.020 Vehicle’s hood contacted rail. 

0.026 Soil heave formed on non-traffic flange of post no. 3A. 

0.028 Post no. 4A deflected backward. 

0.040 Vehicle yawed away from barrier. 

0.044 Soil heave formed on non-traffic flange of post no. 4A. 

0.056 Post no. 5A deflected backward. 

0.060 Vehicle’s left-front bumper contacted post no. 4A. 

0.062 Vehicle rolled away from barrier. 

0.066 Vehicle pitched downward. 

0.068 Vehicle’s left-front door contacted rail. 

0.078 
Soil heave formed on non-traffic flange of post no. 5A, and vehicle’s left-front 

tire wheel contacted post no. 4A. 

0.080 Post no. 4A rotated counterclockwise, and vehicle’s left-front tire rim deformed. 

0.082 Vehicle’s left-front door deformed. 

0.098 
Vehicle’s left-front bumper contacted post no. 5A, and dummy head impacted 

left-front window. 

0.104 Post no. 6A deflected backward. 

0.106 Vehicle’s left-front tire contacted base of post no. 5A. 

0.110 Soil heave formed on non-traffic flange of post no. 6A. 

0.112 Vehicle’s left-front tire contacted post no. 5A. 

0.140 Vehicle rolled toward barrier. 

0.154 Vehicle was parallel to system at a speed of 44.1 mph (71.0 km/h). 

0.160 Vehicle left-front wheel contacted post no. 6A. 

0.206 Vehicle’s left quarter panel contacted rail. 

0.296 Vehicle’s right-front tire became airborne. 

0.306 
Vehicle exited system at a speed of 42.0 mph (67.6 km/h) and an angle of 17.1 

degrees. 

0.372 Vehicle rolled away from barrier. 

0.396 Vehicle’s right-front tire regained contact with ground. 

0.722 Vehicle's hood contacted windshield. 
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0.000 sec 

 
0.040 sec 

 
0.082 sec 

 
0.140 sec 

 
0.206 sec 

 
0.396 sec 

 
0.000 sec 

 
0.026 sec 

 
0.044 

 
0.062 sec 

 
0.154 sec 

 
0.306 sec 

 

Figure 74. Sequential Photographs, Test No. MSPBN-2 
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0.020 sec 

 
0.040 sec 

 
0.062 sec 

 
0.104 sec 

 
0.306 sec 

 
0.000 sec 

 
0.040 sec 

 
0.078 sec 

 
0.112 sec 

 
0.160 sec 

 
0.306 sec 

Figure 75. Additional Sequential Photographs, Test No. MSPBN-2 
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Figure 76. Documentary Photographs, Test No. MSPBN-2 
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Figure 77. Vehicle Final Position and Trajectory Marks, Test No. MSPBN-2 
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6.4 Barrier Damage 

Damage to the barrier was moderate, as shown in Figures 78 through 82. Barrier damage 

consisted of contact marks on the front face of the guardrail, kinking and flattening of the rail, and 

post deformation and disengagement. The length of vehicle contact along the barrier was 

approximately 12 ft – 9 in. (3.9 m), which spanned from 2 in. (51 mm) downstream from the center 

target at post no. 2 to 4.9 in. (124 mm) downstream of the center line at post no. 6.  

No movement or damage was seen for post no. A1. The top downstream corner of the block 

out for post no. A2 had a chip measuring ¾ in. (19 mm) deep, 1¾ in. (44 mm) wide and 2 in. (51 

mm) tall. Post no. A3 rotated backward, the top downstream corner of the block out was chipped, 

and the post bolt partially pulled through the slot in the thrie-beam. Tire marks were found on the 

front flange of post no. A4, 3 in. (76 mm) from the bottom and in front of the base plate. Post no. 

A4 also rotated backward during the impact. Post no. A5 experienced a backward rotation, and tire 

marks were found on the front of the base.  

Kinking occurred on the top of the top bolt slot 32¾ in. (832 mm) downstream from the 

first splice, on the bottom of the top bolt slots 28½ in. (724 mm) downstream from the first splice, 

and on the top of the bottom bolt slots 29¼ in. (743 mm) downstream from the first splice. Kinking 

was found 32¾ in. (832 mm) downstream from the first splice, 22½ (572 mm) downstream from 

post no. A5, 17 in. (432 mm) downstream from post no. A6, and 11 in. (279 mm) downstream 

from post no. A7. Kinking was also found on the bottom rail 15 in. downstream from post no. A5 

and 4½ in. (114 mm) downstream from post no. A6. Contact marks extending 141 in. (3,581 mm) 

and starting 6 in. (152 mm) downstream from the impact target were found in the middle of the 

rail. Marks were also found on the bottom peak of the rail extending 154 in. (3,912 mm) and 

starting 3 in. (76 mm) downstream from the impact point. Multiple dents were located between 

post nos. A3 and A4. The bottom of the rail was flattened starting 6 in. (152 mm) upstream from 

the target impact point and extending to the center of post no. A6.  

The maximum lateral dynamic barrier deflection was 13.7 in. (349 mm) at the rail at post 

no. A4, as determined from high-speed digital video analysis. As the vehicle was successfully 

redirected during the impact event and the rail experienced slight outward deformation around the 

nose, the system working width was 177.25 in. (4,502 mm) based on the width of the bullnose 

system. Note that working width for redirective impacts is defined based on the maximum of the 

lateral dynamic deflection of the system, the lateral extension of the vehicle, and the barrier width 

as measured from the front face of the barrier during a vehicle impact. However, the bullnose 

system is sufficiently wide to allow for lateral deflection and vehicle extension internal to the 

barrier width. Thus, the working width is defined based on the overall width of the system. The 

system deformation is shown in Figure 83. 
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Figure 78. System Damage, Test No. MSPBN-2 
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Figure 79. Post nos. A1 through A5 Damage, Test No. MSPBN-2 



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

 

100 

 

 

Figure 80. Blockout Damage, Test No. MSPBN-2 
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Figure 81. Post Nos. A2 and A3 Damage, Test No. MSPBN-2 
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Figure 82. Post Nos. A4 and A5 Damage, Test No. MSPBN-2 
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Figure 83. System Deformation After Impact, Test No. MSPBN-2 

6.5 Vehicle Damage 

The damage to the vehicle was moderate, as shown in Figures 84 through 87. The 

maximum occupant compartment intrusions are listed in Table 10 along with the intrusion limits 

established in MASH 2016 for various areas of the occupant compartment. As noted previously, a 

secondary impact with an earth berm downstream from the impact with the thrie-beam bullnose 

may have contributed to the observed vehicle damage and intrusions. Note that none of the 

established MASH 2016 deformation limits were violated. Complete occupant compartment and 

vehicle intrusions and the corresponding locations are provided in Appendix D. 

The majority of the damage was concentrated on the left-front corner and left-front side of 

the vehicle where the impact occurred. A crease developed along the length of the vehicle on the 

left side along with multiple contact marks and small dents. The vehicle’s fuel door on the vehicle 

disengaged and the fuel door hinge cracked just above the mounting bolt. An 8½-in. (216-mm) 

diameter dent was found 2 in. (51 mm) from the left-front door and 10 in. (254 mm) from the 

bottom of the window. An 11-in. x 4-in. (279-mm x 102-mm) dent formed on the rear section of 

the left-front door. Contact marks and multiple tears were located along the entire front of the 

fascia. The damage on the right side of the vehicle was mostly due to the impact with earth berm. 

The lower right corner of the grille assembly and the left headlight detached. A 13-in. (330-mm) 

tall crack extended the entire length of the windshield. A 3½-in. (89-mm) gap was found between 

the front right fender and the front of the hood that decreased to 1¾ in. (44 mm) at the rear of the 

hood. The right-front tire came into contact with the rear of the front wheel well.  
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Figure 84. Vehicle Damage, Test No. MSPBN-2  
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Figure 85. Vehicle Damage, Test No. MSPBN-2 



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

106 

 

 

Figure 86. Floorboard Damage, Test No. MSPBN-2  
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Figure 87. Undercarriage Damage, Test No. MSPBN-2
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Table 10. Maximum Occupant Compartment Intrusions by Location, Test No. MSPBN-2 

LOCATION 

MAXIMUM 

INTRUSION 

in. (mm) 

MASH  2016 ALLOWABLE 

INTRUSION 

in. (mm) 

Wheel Well & Toe Pan ½ (13) ≤ 9  (229) 

Floor Pan & Transmission Tunnel 2 (51) ≤ 12  (305) 

A-Pillar ½ (13) ≤ 5  (127) 

A-Pillar (Lateral) ⅜ (10) ≤ 3  (76) 

B-Pillar ⅜ (10) ≤ 5  (127) 

B-Pillar (Lateral) ⅛ (3) ≤ 3  (76) 

Side Front Panel (in Front of A-Pillar) ⅜ (10) ≤ 12  (305) 

Side Door (Above Seat) 1⅜ (35) ≤ 9  (229) 

Side Door (Below Seat) 1⅝ (41) ≤ 12  (305) 

Roof ½ (13) ≤ 4  (102) 

Windshield N/A ≤ 3  (76) 

Side Window N/A 
No shattering resulting from contact 

with structural member of test article 

Dash ⅜ (10) N/A 

N/A – No MASH 2016 criteria exist for this location 

6.6 Occupant Risk 

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average 

occupant ridedown accelerations (ORAs) in both the longitudinal and lateral directions, as 

determined from the accelerometer data, are shown in Table 11. Note that the OIVs and ORAs 

were within suggested limits, as provided in MASH 2016. The calculated THIV, PHD, and ASI 

values are also shown in Table 11. The recorded data from the accelerometers and the rate 

transducers are shown graphically in Appendix E.
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Table 11. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MSPBN-2 

Evaluation Criteria 

Transducer 
MASH 2016 

Limits 
SLICE-1 

(primary) 
SLICE-2 

OIV 

ft/s (m/s) 

Longitudinal −20.55 (−6.26) −20.73 (−6.32) ±40 (12.2) 

Lateral 23.32 (7.11) 21.73 (6.62) ±40 (12.2) 

ORA 

g’s 

Longitudinal −5.14 −5.02 ±20.49 

Lateral 8.90 8.54 ±20.49 

MAX. 

ANGULAR 

DISPL. 

deg. 

Roll 8.60 10.01 ±75 

Pitch −2.92 −3.15 ±75 

Yaw 40.80 40.24 not required 

THIV 

ft/s (m/s) 
28.08 (8.56) 28.61 (8.72) not required 

PHD 

g’s 
9.69 8.01 not required 

ASI 1.27 1.23 not required 

 

6.7 Discussion 

The analysis of the test results for test no. MSPBN-2 showed that the system adequately 

contained and redirected the 1100C vehicle with controlled lateral displacements of the barrier. A 

summary of the test results and sequential photographs are shown in Figure 88. Detached elements, 

fragments, or other debris from the test article did not penetrate or show potential for penetrating 

the occupant compartment, or present an undue hazard to other traffic, pedestrians or work-zone 

personnel. Deformations of, or intrusions into, the occupant compartment that could have caused 

serious injury did not occur. The test vehicle did not penetrate nor ride over the barrier and 

remained upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements, 

as shown in Appendix F, were deemed acceptable, because they did not adversely influence 

occupant risk nor cause rollover. After impact, the vehicle exited the barrier at an angle of 17.1 

degrees and 42.0 mph (67.6 km/h), and its trajectory did not violate the bounds of the exit box. 

Therefore, test no. MSPBN-2 was determined to be acceptable according to the MASH 2016 safety 

performance criteria for test designation no. 3-34. 
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• Test Agency ............................................................................................................ MwRSF 

• Test Number ........................................................................................................ MSPBN-2 

• Date .......................................................................................................................... 3/22/17 

• MASH 2016 Test Designation No. ............................................................................... 3-34 

• Test Article ............................................................... Steel Bullnose with Breakaway Posts 

• Total Length  ..................................................................................................... 66 ft (20 m) 

• Key Component – Thrie Beam 

Thickness ......................................................................................... 12 gauge (2.7 mm) 

Mounting Height .............................................................................. 31⅝ in. (803 mm) 

• Key Component – Breakaway Steel Post 

Length........................................................................................... 72⅟16 in. (1,849 mm) 

Spacing ............................................................................................. 37½ in. (953 mm) 

• Soil Type  ................................................................................ Coarse, Crushed Limestone 

• Vehicle Make /Model .............................................................................................. Kia Rio 

Curb ................................................................................................ 2,476 lb (1,123 kg) 

Test Inertial .................................................................................... 2,448 lb (1,110 kg) 

Gross Static .................................................................................... 2,610 lb (1,184 kg) 

• Impact Conditions 

Speed ........................................................................................ 62.1 mph (100.0 km/h) 

Angle ...............................................................................................................14.7 deg. 

Impact Location ................................................. 0.62 in. (16 mm) US from post no. 2 

• Impact Severity ......... 20.3 kip-ft (27.6 kJ) ≥19.0 kip-ft (26.0 kJ) limit from MASH 2016 

• Exit Conditions 

Speed .......................................................................................... 42.0 mph (67.6 km/h) 

Angle  ..............................................................................................................17.1 deg. 

• Exit Box Criterion ......................................................................................................... Pass 

• Vehicle Stability................................................................................................ Satisfactory 

• Vehicle Stopping Distance ............................................ 99 ft – 6 in. (30.3 m) downstream 

• Vehicle Damage .................................................................................................... Moderate 

VDS [17]  ...................................................................................................... 11-LFQ-6 

CDC [18] .................................................................................................... 11-LFEW-3 

Maximum Interior Deformation ............................................................. 2 in. (51 mm) 

 

 

 

 

 

 

 

 

 

 

• Test Article Damage ............................................................................................. Moderate 

• Maximum Test Article Deflections 

Permanent Set ......................................................................................................... N/A 

Dynamic ........................................................................................... 13.7 in. (349 mm) 

Working Width ........................................................................ 177.25 in. (4,502 mm)) 

• Transducer Data 

Evaluation Criteria 

Transducer 
MASH 2016 

Limit 
SLICE-1 

(primary) 
SLICE-2 

OIV 

ft/s  

(m/s) 

Longitudinal −20.55 (−6.26) −20.73 (−6.32) ±40 (12.2) 

Lateral 23.32 (7.11) 21.73 (6.62) ±40 (12.2) 

ORA 

g’s 

Longitudinal −5.14 −5.02 ±20.49 

Lateral 8.90 8.54 ±20.49 

MAX 

ANGULAR 

DISP. 

deg. 

Roll 8.60 10.01 ±75 

Pitch −2.92 −3.15 ±75 

Yaw 40.80 40.24 not required 

THIV – ft/s (m/s) 28.08 (8.56) 28.61 (8.72) not required 

PHD – g’s 9.69 8.01 not required 

ASI 1.27 1.23 not required 

*Note: Working width was defined based on overall system width and not interior dynamic 

deflections or vehicle extension interior to the barrier 

Figure 88. Summary of Test Results and Sequential Photographs, Test No. MSPBN-2 

0.000 sec 0.062 sec 0.104 sec 0.154 sec 0.306 sec 
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7 FULL-SCALE CRASH TEST NO. MSPBN-3  

7.1 Static Soil Test 

Before full-scale crash test no. MSPBN-3 was conducted, the strength of the foundation 

soil was evaluated with a static test, as described in MASH 2016. The static test results, as shown 

in Appendix C, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided 

adequate strength, and full-scale crash testing could be conducted on the barrier system. 

7.2 Weather Conditions 

Test no. MSPBN-3 was conducted on April 11, 2017 at approximately 2:15 p.m. The 

weather conditions as per the National Oceanic and Atmospheric Administration (station 

14939/LNK) were reported and are shown in Table 12. 

Table 12. Weather Conditions, Test No. MSPBN-3 

Temperature 61° F 

Humidity 35 % 

Wind Speed 5 mph (8 km/h) 

Wind Direction 170° from True North 

Sky Conditions Sunny 

Visibility 10 Statute Miles 

Pavement Surface Dry  

Previous 3-Day Precipitation  0 in. (0 mm) 

Previous 7-Day Precipitation  0.04 in. (1 mm) 

 

7.3 Test Description 

Initial vehicle impact was to occur with the vehicle centerline aligned with the centerline 

of the system’s nose at a 15-degree angle, which was selected as recommended in MASH and as 

described in Chapter 2, as shown in Figure 89. The 2,441-lb (1,107-kg) small car impacted the 

bullnose with breakaway steel posts at a speed of 62.7 mph (101.0 km/h) and at an angle of 15.1 

degrees. The actual point of impact occurred with the vehicle’s centerline aligned with the 

centerline of the system’s nose at a 15.1-degree angle. Following the initial impact, the nose of the 

bullnose system wrapped around the front of the small car. The lower peak of the thrie beam was 

pushed below the bumper and fractured, while the top two peaks of the thrie beam engaged the 

vehicle above the bumper and captured 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. B3 through B5, which further decelerated the 

small car. The vehicle was brought to a controlled stop approximately 0.800 seconds after impact. 

The vehicle came to rest 23 ft (7 m) from the initial impact location in the middle of the bullnose.  

A sequential description of the impact events is contained in Table 13. Sequential 

photographs are shown in Figures 90 and 91. Documentary photographs of the crash test are shown 

in Figure 92. The vehicle trajectory and final position are shown in Figure 93.
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Figure 89. Impact Location, Test No. MSPBN-3
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Table 13. Sequential Description of Impact Events, Test No. MSPBN-3 

TIME 

(sec) 
EVENT 

0.0 Vehicle’s front bumper impacted rail at the centerline of the bullnose system. 

0.002 Vehicle’s front bumper deformed. 

0.004 Vehicle’s hood and right headlight contacted rail. 

0.006 
Vehicle’s hood deformed, vehicle’s right headlight shattered, and vehicle’s right fender 

contacted rail. 

0.008 Vehicle’s right fender deformed, and vehicle’s left headlight contacted rail. 

0.010 Vehicle’s left headlight deformed. 

0.016 Vehicle’s left fender deformed, and rail buckled between post nos. A1 and B1. 

0.018 Vehicle’s left headlight shattered and vehicle left fender contacted rail. 

0.030 Post nos. B1 and A1 deflected backward. 

0.038 Post no. A2 deflected backward. 

0.044 Vehicle’s left-front tire contacted rail. 

0.060 Vehicle rolled toward barrier. 

0.062 Post no. A1 disengaged and fractured from rail at post no. A1. 

0.072 Post no. B1 deflected downstream. 

0.076 Blockout no. A2 disengaged from rail at post no. A2. 

0.078 Rail buckled between post nos. B1 and B2. 

0.082 Post no. B1 twisted counterclockwise. 

0.094 Blockout no. B2 disengaged from rail at post no. B2. 

0.096 Blockout no. A3 disengaged from rail at post no. A3, and post no. B1 fractured. 

0.106 Blockout no. B3 disengaged from rail at post no. B3. 

0.112 Vehicle’s left-front door deformed and contacted rail. 

0.114 Vehicle’s left side mirror contacted rail. 

0.118 Post no. B2 twisted counterclockwise. 

0.120 Post no. B2 deflected downstream, and vehicle’s left side mirror deformed. 

0.126 Blockout no. B4 disengaged from rail at post no. B4, and post no. A2 fractured. 

0.128 Vehicle pitched downward. 

0.130 Soil heave formed on non-traffic flange of post no. B2. 

0.132 Post no. B2 fractured. 

0.138 Vehicle rolled away from barrier. 

0.158 Post no. B3 twisted counterclockwise, and vehicle’s front bumper contacted post no. B3. 

0.172 Post no. B3 upper post detached from lower. 

0.180 Soil heave formed on downstream flange of post no. B3. 

0.182 Vehicle yawed counterclockwise. 

0.184 Vehicle’s right side mirror contacted rail. 

0.186 Vehicle’s right side mirror deformed. 

0.204 Rail buckled between post nos. B2 and B3. 
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Table 14. Sequential Description of Impact Events, Test No. MSPBN-3, Cont. 

TIME 

(sec) 
EVENT 

0.210 
Post no. B4 deflected downstream, vehicle’s front bumper contacted post no. B4, and 

post no. B3 contacted blockout no. B4. 

0.218 Post no. A3 twisted clockwise. 

0.222 The upper portion of post no. B4 detached from the lower portion. 

0.224 Post no. B4 twisted counterclockwise. 

0.232 The upper portion of post no. A3 detached from the lower portion. 

0.236 Vehicle’s left-rear tire became airborne. 

0.256 Vehicle’s left-rear door contacted rail. 

0.260 The upper portion of post no. B5 detached from the lower portion. 

0.270 Blockout no. B5 disengaged from rail at post no. B5. 

0.298 Blockout no. B6 disengaged from rail at post no. B6. 

0.310 Blockout no. B7 disengaged from rail at post no. B7. 

0.340 Post no. B6 deflected downstream. 

0.350 The upper portion of post no. B6 detached from the lower portion. 

0.362 Vehicle’s right quarter panel contacted rail. 

0.380 Post no. A4 deflected downstream. 

0.392 The upper portion of post no. A4 detached from the lower portion. 

0.406 Blockout no. A4 disengaged from rail at post no. A4. 

0.408 Vehicle’s right side mirror disengaged. 

0.419 The upper portion of post no. B7 detached from the lower portion. 

0.420 Post no. B7 deflected downstream. 

0.462 Vehicle’s rear bumper deformed. 

0.534 Vehicle yawed away from barrier. 

0.624 Vehicle rolled toward barrier. 

0.880 Vehicle left-rear tire regained contact with ground. 
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0.000 sec 

 
0.072 sec 

 
0.138 sec 

 
0.340 sec 

 
0.624 sec 

 
0.880 sec 

 
0.000 sec 

 
0.096 sec 

 
0.172 sec 

 
0.232 sec 

 
0.340 sec 

 
0.624 sec 

Figure 90. Sequential Photographs, Test No. MSPBN-3 
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0.000 sec 

 
0.076 sec 

 
0.232 sec 

 
0.298 sec 

 
0.420 sec 

 
0.624 sec 

 
0.000 sec 

 
0.072 sec 

 
0.210 sec 

 
0.380 sec 

 
0.624 sec 

 
0.880 sec 

 

Figure 91. Additional Sequential Photographs, Test No. MSPBN-3 
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Figure 92. Documentary Photographs, Test No. MSPBN-3 
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Figure 93. Vehicle Final Position and Trajectory Marks, Test No. MSPBN-3 
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7.4 Barrier Damage 

Damage to the barrier was extensive, as shown in Figures 94 through 97. Barrier damage 

consisted of contact marks on the front face of the guardrail, kinking and flattening of the rail, and 

post deformation and disengagement.  

The railing on the system’s nose experienced extensive damage. The middle and lower 

thrie-beam corrugations fractured due to impact. The nose cables attached to the top thrie-beam 

corrugation remained intact after impact. The railing experienced extensive damage on side A. 

Kinking occurred on the top edge of the rail 9¾ in. (248 mm) downstream from post no. A1. 

Kinking also occurred 7¼ in. (184 mm), 13 in. (330 mm), and 18½ in. (470 mm) upstream from 

post no. A1. A tear was found in the bottom valley 3¼ in. (83 mm) long at the top edge of the third 

slot on post no. A1. Buckling occurred in the top corrugation at the first U-bolt upstream from post 

no. A1. The U-bolt on the center corrugation upstream from post no. A1 experienced a pull out. 

Multiple tears were found alongside A of the barrier, including one ¼-in. (5-mm) long tear 

upstream from post no. A1 on the top edge of the upper valley, a ¼-in. (6-mm) long tear at the 

bottom edge of the top valley upstream from post no. A1, and one 2¼-in. (57-mm) long tear 

upstream from post no. A1 on the top valley. A 1-in. (25-mm) long horizontal tear was found at 

the bottom valley between the third and fourth slots of post no. A1, an 8-in. (203-mm) long tear 

was located at the bottom edge of the valley upstream from post no. A1. A 9-in. (229-mm) long 

vertical tear was located at the top edge of the bottom valley near the fourth slot upstream from 

post no. A1, and a 1-in. (25-mm) long horizontal tear was located on the top valley between the 

third and fourth slots upstream from post no. A1. Buckling occurred in the rail 4½ in. (114 mm) 

upstream from post no. A2, in the bottom valley of the guard rail 8½ in. (216 mm) upstream from 

post no. A4, in the bottom corrugation 3½ in. (89 mm) upstream from post no. A4, and in the top 

corrugation 1¾ in. (44 mm) upstream from post no. A4. Flattening of the rail on side A of the 

system was only found along the top valley between post nos. A3 and A4. Contact marks were 

found beginning 6 in. (152 mm) downstream from post no. A1 and ending 9 in (229 mm) upstream 

from post no. A1.  

The railing on side B also experienced extensive damage. Contact marks were found 

beginning 13½ in. (343 mm) downstream from the first U-bolt upstream from post no. A1 and 

ending 2¼ in. (57 mm) upstream from the first U-bolt upstream from post no. B1. Kinks were 

found on the top edge of the rail 15 in. (381 mm) downstream from post no. B1, along the top 

valley 10 in. (254 mm) downstream from post no. B1, in the lower valley 22 in. (559 mm) 

downstream from post no. B1, and on the upper peak near the second U-bolt upstream from post 

no. B1. Local flattening and deformation of the guardrail occurred in the lower valley 22 in. (559 

mm) downstream from post no. B1. Local deformation was found on the lower U-bolt upstream 

from post no. B1. A 2-in. (51-mm) long vertical tear was located 20 in. (508 mm) upstream from 

the first U-bolt downstream from post no. B1 at the top edge of the middle peak. The middle valley 

folded 2 in. (51 mm) downstream from the center of the bullnose on side B to 16 in. (406 mm) 

downstream from the center of the bullnose on side A. Kinks were found through the upper and 

middle peaks 3 in. (76 mm) upstream from the first U-bolt after post no. B1, 3 in. (76 mm) upstream 

from the first U-bolt upstream from post no. B1 and along the bottom flange 8 in. (203 mm) 

upstream from post no. B1. Kinking was also found along the bottom flange 8 in. (203 mm) 

downstream from post no. B1, and through the full depth of 12 in. (305 mm) upstream from post 

no. B2. Local bending of the guardrail was extensive. Bends were located in the upper valley slot 
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15 in. (381 mm) upstream from post no. B1, along the top flange 12 in. (305 mm) upstream from 

post no. B1 and along the top flange 18 in. (457 mm) upstream from post no. B1. Bending of the 

guardrail was also found 5 in. (127 mm) upstream from post no. B2 on the top flange, and 2 in. 

(51 mm) upstream from the center line of post no. B2 along the lower slot in the lower valley. 

Tearing occurred in the lower valley slot 14 in. (356 mm) upstream from post no. B1 with a length 

of 3 in. (76-mm), a 5-in. (127-mm) long tear was found in the bottom valley between slots starting 

11 in. (279 mm) downstream from post no. B1, and a 3-in. (76-mm) tear was found in the lower 

valley slot 14 in. (356 mm) upstream from post no. B1. Additional kinks were found on the lower 

slot 26 in. (660 mm) upstream from post no. B4, on the top flange 5 in. (127 mm) upstream from 

post no. B4, and at the lower slot on post no. B6. Bolt tear outs on side B of the bullnose system 

were found at post nos. B2, B4, B6, and B7.  

The timber post damage included crushing, splits, dents, and fractures at the foundation 

tube. Post nos. 1A, 2A, and 2B fractured at the ground line through the BCT hole and disengaged 

at the base. Post no. 1A was crushed along a horizontal line on the front face and split on the 

upstream side. Post no. 2A had a 1-in. (25-mm) long x ½-in. (13-mm) wide dent that was ⅛ in. (3 

mm) deep on the front-upstream corner 11-in. (280-mm) from top of the post. The rail was 

detached from post no. 2A. Post no. 1B fractured diagonally from upstream to downstream on the 

front face of post 9-in. (229-mm) above the foundation tube. Post no. 1B also fractured diagonally 

on upstream face 10-in. (254-mm) from the foundation tube.  

Steel post damage included fracture of bolts, twisting, rotation, and detachment from the 

post bases. All base bolts on post nos. 3B through 7B fractured at the ground line. Post no. 3B 

detached from the rail and the post twisted in counter-clockwise direction. Contact marks were 

found on the lower base plate from the upstream to downstream corner and 5 in. (127 mm) from 

the back edge. The top of post nos. 5B, 9B, 10B, and 11B twisted counter-clockwise. The blockouts 

attached to post nos. 6B, 8B, and 9B split on the upstream face. All base bolts on post nos. 3A and 

4A fractured at the ground line. The rail detached from post nos. 3A and 4A. Crushing measuring 

2½ in. (64 mm) long x 1½ in. (38 mm) wide and ¼ in. (6 mm) deep was found on the front and 

downstream corner of the blockout on post no. 3A. The blockout of post no. 4A disengaged from 

the post, but the rail remained attached.  

The maximum lateral dynamic barrier deflection was 72.0 in. (1,829 mm) at the impact 

point as determined from high-speed digital video analysis. The vehicle was contained within the 

bullnose system after the impact, which resulted in a working width in both the longitudinal and 

lateral directions. This working width envelope contained a 23 ft – 7 in. (7.2 m) longitudinal 

working width and a 16 ft – 11 in. (5.2 m) lateral working width. The system deformation is shown 

in Figure 98. 
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Figure 94. System Damage, Test No. MSPBN-3 
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Figure 95. Post Nos. A1, A2, A3, B1, B2, and B3 Damage, Test No. MSPBN-3 



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

 

123 

 

 

Figure 96. Post Nos. A3, A4, and A5 Damage, Test No. MSPBN-3 
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Figure 97. Post nos. B3, B4, and B5 Damage, Test No. MSPBN-3 
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Figure 98. System Deformation After Impact, Test No. MSPBN-3 

7.5 Vehicle Damage 

The damage to the vehicle was moderate, as shown in Figures 99 through 103. The 

maximum occupant compartment intrusions are listed in Table 15 along with the intrusion limits 

established in MASH 2016 for various areas of the occupant compartment. Note that none of the 

established MASH 2016 deformation limits were violated. Complete occupant compartment and 

vehicle intrusions and the corresponding locations are provided in Appendix D. 

Table 15. Maximum Occupant Compartment Intrusions by Location, Test No. MSPBN-3 

LOCATION 

MAXIMUM 

INTRUSION 

in. (mm) 

MASH  2016 ALLOWABLE 

INTRUSION 

in. (mm) 

Wheel Well & Toe Pan ⅜ (10) ≤ 9  (229) 

Floor Pan & Transmission Tunnel ⅜ (10) ≤ 12  (305) 

A-Pillar ½ (13) ≤ 5  (127) 

A-Pillar (Lateral) ⅛ (3) ≤ 3  (76) 

B-Pillar ½ (13) ≤ 5  (127) 

B-Pillar (Lateral) ¼ (6) ≤ 3  (76) 

Side Front Panel (in Front of A-Pillar) ⅜ (10) ≤ 12  (305) 

Side Door (Above Seat) ½ (13) ≤ 9  (229) 

Side Door (Below Seat) ½ (13) ≤ 12  (305) 

Roof ½ (13) ≤ 4  (102) 

Windshield N/A ≤ 3  (76) 

Side Window Intact 
No shattering resulting from contact 

with structural member of test article 

Dash ½ (13) N/A 

N/A – No MASH 2016 criteria exist for this location 

The majority of the damage was concentrated on the front side of the vehicle where the 

impact had occurred. Both headlights, fog lights, and side mirrors, as well as the front grille and 
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front bumper cover disengaged from the vehicle. The radiator on the front side showed bending 

and detached from its mounts. The grille disengaged from the vehicle. The hood bucked upward 

approximately 5 in. (127 mm) on the left side and 13 in. (330 mm) on the right side. A 40-in. 

(1,016-mm) wide by 7-in. (178-mm) long dent that was 5 in. (127 mm) deep was found in the front 

of the hood. The AC condenser had a 10-in. (254-mm) diameter by 1-in. (25-mm) deep dent. A 

2½-in. (64-mm) gap was found between the A-pillar and the right-front fender. A 31-in. (787-mm) 

long crease developed at the right-front door and the bottom of the window. The right side of rear 

bumper cover was disengaged from the vehicle, but the left-side rear bumper remained attached. 

Numerous dents were found on the right-rear door. The right-rear fender was crushed, and the 

right-rear tire deflated and contained a 1-in. (25-mm) tear. An 11-in. (279-mm) wide x 33-in. (838-

mm) long x 1-in. (25-mm) deep dent was found starting 2½ in. (64 mm) from the rear of the left-

front door and 6 in. (152 mm) from the bottom of the door. A ½-in. (13-mm) gap was found at the 

top corner of left-front door. A 14-in. (356-mm) long x 3-in. (76-mm) wide x ½-in. (13-mm) deep 

dent was observed on the left-rear quarter panel. The fenders on the left-front side and right-front 

side were crushed. The buckling of the left-front fender started 9½ in. (241 mm) from the rear of 

the fender and folded back over whole width. Many scrapes, contact marks could be observed. The 

left-front tire was deflated but still partially attached to the wheel. Dents, measuring 3 in. (76 mm) 

and 4½ in. (114 mm) long, were found on outer wheel rim. Both the left-front and right-front doors 

would not open after the test. The hood contacted the bottom-right side of windshield during 

impact, causing a 29-in. (737-mm) by 12-in. (305-mm) spider web crack that was found on the 

bottom right side of the windshield, with additional cracks extending on top of the windshield. A 

4-in. (102-mm) long longitudinal tear was found 5 in. (127 mm) from the bottom of the windshield 

and 1 in. (25 mm) from the right side of the windshield. A 5-in. (127 mm) long vertical tear was 

found 5 in. (127 mm) from the bottom of the windshield and 5 in. (127 mm) from the right side of 

the windshield. Note that the windshield damage was likely due to contact with the hood not due 

to contact with the bullnose system. The side windows remained undamaged. 
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Figure 99. Vehicle Damage, Test No. MSPBN-3 
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Figure 100. Windshield Damage, Test No. MSPBN-3 
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Figure 101. Floorboard Damage, Test No. MSPBN-3



 

 

A
u
g
u
st 2

7
, 2

0
2
0  

M
w

R
S

F
 R

ep
o
rt N

o
. T

R
P

-0
3
-3

8
9
-2

0 

1
3
0
 

 

 

 

 

Figure 102. Undercarriage Damage, Test No. MSPBN-3
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Figure 103. Undercarriage Damage, Test No. MSPBN-3 
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7.6 Occupant Risk 

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average 

occupant ridedown accelerations (ORAs) in both the longitudinal and lateral directions, as 

determined from the accelerometer data, are shown in Table 16. Note that the OIVs and ORAs 

were within suggested limits, as provided in MASH 2016. The calculated THIV, PHD, and ASI 

values are also shown in Table 16. The recorded data from the accelerometers and the rate 

transducers are shown graphically in Appendix E.  

Table 16. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MSPBN-3 

Evaluation Criteria 

Transducer 
MASH 2016 

Limits SLICE-1 

(primary) 
SLICE-2 

OIV 

ft/s (m/s) 

Longitudinal −25.79 (−7.86) −25.52 (−7.78) ±40 (12.2) 

Lateral 3.72 (1.14) 3.29 (1.00) ±40 (12.2) 

ORA 

g’s 

Longitudinal −16.34 −14.96 ±20.49 

Lateral −9.41 −8.58 ±20.49 

MAX. 

ANGULAR 

DISPL. 

deg. 

Roll 22.28 18.92 ±75 

Pitch −3.77 4.44 ±75 

Yaw −38.23 −38.94 not required 

THIV 

ft/s (m/s) 
26.12 (7.96) 25.79 (7.86) not required 

PHD 

g’s 
16.87 15.51 not required 

ASI 0.67 0.64 not required 

 

7.7 Discussion 

The analysis of the test results for test no. MSPBN-3 showed that the system adequately 

contained the 1100C vehicle with controlled lateral displacements of the barrier. A summary of 

the test results and sequential photographs are shown in Figure 104. Detached elements, fragments, 

or other debris from the test article did not penetrate or show potential for penetrating the occupant 

compartment, or present an undue hazard to other traffic, pedestrians or work-zone personnel. 

Deformations of, or intrusions into, the occupant compartment that could have caused serious 

injury did not occur. The test vehicle did not penetrate nor ride over the barrier and remained 

upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements, as shown 

in Appendix G, were deemed acceptable, because they did not adversely influence occupant risk 

nor cause rollover. After impact, the vehicle did not exit the barrier. Therefore, test no. MSPBN-3 

was determined to be acceptable according to the MASH 2016 safety performance criteria for test 

designation no. 3-32. 
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• Test Agency ............................................................................................................ MwRSF 

• Test Number ........................................................................................................ MSPBN-3 

• Date .......................................................................................................................... 4/11/17 

• MASH 2016 Test Designation No. ............................................................................... 3-32 

• Test Article ............................................................... Steel Bullnose with Breakaway Posts 

• Total Length  ..................................................................................................... 66 ft (20 m) 

• Key Component – Thrie Beam 

Thickness ......................................................................................... 12 gauge (2.7 mm) 

Mounting Height .............................................................................. 31⅝ in. (803 mm) 

• Key Component – Breakaway Steel Post 

Length........................................................................................... 72⅟16 in. (1,849 mm) 

Spacing ............................................................................................. 37½ in. (953 mm) 

• Soil Type  ................................................................................ Coarse, Crushed Limestone 

• Vehicle Make /Model .............................................................................................. Kia Rio 

Curb ................................................................................................ 2,464 lb (1,118 kg) 

Test Inertial .................................................................................... 2,441 lb (1,107 kg) 

Gross Static .................................................................................... 2,599 lb (1,179 kg) 

• Impact Conditions 

Speed ........................................................................................ 62.7 mph (101.0 km/h) 

Angle ...............................................................................................................15.1 deg. 

Impact Location ................................... CL of vehicle on the CL of the system’s nose 

• Kinetic Energy . 321.2 kip-ft (435.5 kJ) ≥ 288.0 kip-ft (390.0 kJ) limit from MASH 2016 

• Exit Conditions 

Speed ................................................................................................................... 0 mph 

Angle  ..................................................................................................................... N/A 

• Exit Box Criterion ......................................................................................................... N/A  

• Vehicle Stability............................................................................................................ N/A 

• Vehicle Stopping Distance ............................................................ 23 ft (7 m) downstream 

• Vehicle Damage .................................................................................................... Moderate 

VDS [17]  .........................................................................................................12-FD-6 

CDC [18] ................................................................................................... 12-FDEW-9 

Maximum Interior Deformation ............................................................ ½ in. (13 mm) 

 

 

 

 

 

 

 

 

 

 

 

• Test Article Damage ............................................................................................. Extensive 

• Maximum Test Article Deflections 

Permanent Set ......................................................................................................... N/A 

Dynamic ........................................................................................ 72.0 in. (1,829 mm) 

Working Width ...  23 ft – 7 in. (7.2 m) longitudinally, 16 ft – 11 in. (5.2 m) laterally 

• Transducer Data 

Evaluation Criteria 

Transducer 
MASH 2016 

Limit SLICE-1 

(primary) 
SLICE-2 

OIV 

ft/s  

(m/s) 

Longitudinal −25.79 (−7.86) −25.52 (−7.78) ±40 (12.2) 

Lateral 3.72 (1.14) 3.29 (1.00) ±40 (12.2) 

ORA 

g’s 

Longitudinal −16.34 −14.96 ±20.49 

Lateral −9.41 −8.58 ±20.49 

MAX 

ANGULAR 

DISP. 

deg. 

Roll 22.28 18.92 ±75 

Pitch −3.77 4.44 ±75 

Yaw −38.23 −38.94 Not required 

THIV – ft/s (m/s) 26.12 (7.96) 25.79 (7.86) Not required 

PHD – g’s 16.87 15.51 Not required 

ASI 0.67 0.64 Not required 

Figure 104. Summary of Test Results and Sequential Photographs, Test No. MSPBN-3 

0.000 sec 0.062 sec 0.256 sec 0.310 sec 0.534 sec 
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8 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Three critical tests were completed on the thrie-beam, bullnose system according to the 

MASH 2016 TL-3 criteria. The tests conducted were test designation nos. 3-32, 3-34, and 3-35 in 

the MASH 2016 test matrix for crash cushions. The first test, test no. MSPBN-1, was conducted 

according to MASH 2016 test designation no. 3-35 with a 2270P vehicle at an impact speed of 

62.9 mph (101.3 km/h) and an angle of 25.1 degrees. Test no. MSPBN-1 was conducted to examine 

the CIP of the bullnose system where its behavior transitioned from capture to redirection. The 

second test, test no. MSPBN-2, was conducted according to MASH 2016 test designation no. 3-

34 with an 1100C vehicle at an impact speed of 62.1 mph (100 km/h) and an angle of 14.7 degrees. 

Test no. MSPBN-2 was conducted to evaluate the impact performance of the bullnose at the point 

where the device transitioned from capture to redirection. The third test, test no. MSPBN-3, was 

conducted according to MASH 2016 test designation no. 3-32 with an 1100C vehicle at an impact 

speed of 62.7 mph (101.0 km/h) and an angle of 15.1 degrees. Test no. MPSNB-3 was conducted 

to evaluate the bullnose behavior during oblique impacts on the end or nose of the system. All 

three crash tests were successful and met the MASH 2016 TL-3 safety requirements. A summary 

of test results is shown in Table 17.  

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

evaluation of the bullnose, it was believed that the remaining required MASH 2016 TL-3 test 

matrix should be completed to certify the MASH 2016 compliance of the thrie-beam, bullnose 

system. In MASH 2016, as many as nine full-scale crash tests are potentially required to evaluate 

this type of hardware, as shown in Table 18. 

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

3-32, 3-34, and 3-35), and two tests may potentially be deemed non-critical. Test designation no. 

3-36 on the transition to the rigid structure may not be required as it is assumed that the bullnose 

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 is currently deemed 

non-critical until the results from the analytical estimation of 1500A vehicle decelerations are 

known. Thus, four remaining required tests are recommended in order 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 not critical may eventually need to be evaluated 

based on additional knowledge gained over time or additional FHWA eligibility letter 

requirements.
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Table 17. Summary of Safety Performance Evaluation  

Evaluation 

Factors 
Evaluation Criteria 

Test No. 

MSPBN-1 

Test No. 

MSPBN-2 

Test No. 

MSPBN-3 

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. 
S S S 

Occupant 

Risk 

D. 1. 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.  

 2. 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  

S S S 

S S S 

F. The vehicle should remain upright during and after collision. The maximum roll and 

pitch angles are not to exceed 75 degrees. 
S S S 

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of MASH 2016 

for calculation procedure) should satisfy the following limits: 

S S S  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: 

S S S  Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 g’s 20.49 g’s 

MASH 2016 Test Designation No. 3-35 3-34 3-32 

Final Evaluation (Pass or Fail) Pass Pass Pass 

 S – Satisfactory  U – Unsatisfactory  NA - Not Applicable 
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Table 18. MASH TL-3 Test Matrix for the Thrie-Beam, Bullnose System 

Test 

No. 
Vehicle 

Speed 

mph 

(km/h) 

Angle 

(deg) 
Impact Point Other Notes 

3-30 1100C 
62 

(100) 
0 Center of nose @ ¼ offset Phase II 

3-31 2270P 
62 

(100) 
0 Center of nose Phase II 

3-32 1100C 
62 

(100) 
5-15 Center of nose Test Completed 

3-33 2270P 
62 

(100) 
5-15 Center of nose Phase II 

3-34 1100C 
62 

(100) 
15 CIP for capture/redirection Test Completed 

3-35 2270P 
62 

(100) 
25 CIP for capture/redirection Test Completed 

3-36 2270P 
62 

(100) 
25 

CIP @ transition to rigid 

structure 

Deemed non-critical if 

using MASH TL-3 AGT 

3-37a 2270P 
62 

(100) 
25 CIP for reverse direction Phase II 

3-37b 1100C 
62 

(100) 
25 CIP for reverse direction Phase II 

3-38 1500A 
62 

(100) 
0 Center of nose @ ¼ offset 

Deemed non-critical 

based on 1500A 

estimation procedure 
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Appendix A. Material Specifications 
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Table A-1.  Bill of Materials, Test Nos. MSPBN-1 through MSPBN-3 

Item  

No. 
Description Material Spec Material Cert Reference 

a1 
TS8"x6"x3/16" [203x152x5], 96" 

[2,438] Long Foundation Tube 
ASTM A500 Gr. B H#A49248 

a2 
TS8"x6"x3/16" [203x152x5], 72" 

[1,829] Long Foundation Tube 
ASTM A500 Gr. B H#A49248 

a3 
8"x8"x5/8" [203x203x16] Anchor 

Bearing Plate 
ASTM A36 H#DL15103543 

a4 Lower Slip Post Assembly 

Plate-ASTM A36            

Foundation Tube-ASTM 

A500 Gr. B 

Tube: H#167623  

Plate: H#B6U5630  

a5 Upper Slip Post Assembly 
Plate: ASTM A36                         

Post: ASTM A992 

Plate: H#M6E147 

Post: H#59072444  

a6 
6"x8"x14 1/4" [152x203x362] 

Timber Blockout 
SYP Grade No. 1 or better 

Charge#22927 

P#GS6846PST 

a7 
6"x8"x14 1/4" [152x203x362] 

Tapered Timber Blockout -Side A 
SYP Grade No. 1 or better 

Charge#22927 

P#GS6846PST 

a8 
6"x8"x14 1/4" [152x203x362] 

Tapered Timber Blockout -Side B 
SYP Grade No. 1 or better 

Charge#22927 

P#GS6846PST 

a9 
6"x8"x14 1/4" [152x203x362] 

Tapered Timber Blockout -Post 2 
SYP Grade No. 1 or better 

Charge#22927 

P#GS6846PST 

b1 
12'-6" [3,810] 12 gauge [2.7] 

Thrie Beam Section 
AASHTO M180 H#L33814 

b2 
12'-6" [3,810] 12 gauge [2.7] Bent 

Thrie Beam Section 
AASHTO M180 H#L35116 

b3 
12'-6" [3,810] 12 gauge [2.7] 

Thrie Beam Section 
AASHTO M180 H#L33814 

b4 
12'-6" [3,810] 12 gauge [2.7] 

Thrie Beam End Section -Side A 
AASHTO M180 H#L33814 

b5 
12'-6" [3,810] 12 gauge [2.7] 

Thrie Beam End Section -Side B 
AASHTO M180 H#L33814 

b6 
12'-6" [3,810] 12 gauge [2.7] Bent 

Thrie Beam Section -Side A 
AASHTO M180 H#L34713 

b7 
12'-6" [3,810] 12 gauge [2.7] Bent 

Thrie Beam Section  Side B 
AASHTO M180 H#L34713 

c1 
7/16" [11] Dia. UNC, 2 1/4" [57] 

Long Heavy Hex Bolt and Nut 

Bolt – ASTM F3125 Gr. 

A325 or ASTM A449 or 

SAE J429 Gr. 5                  

Nut - ASTM A563DH 

Bolts: H#5210760BA  

Nuts: H#169D0620 

c2 
5/8" [16] Dia. UNC, 10" [254] 

Long Hex Head Bolt 

Bolt - ASTM A307 Gr. A              

Nut - ASTM A563A 
H#DL15107048  

c3 
5/8" [16] Dia. UNC, 1 1/4" [32] 

Long Guardrail Bolt and Nut 

Bolt - ASTM A307 Gr. A   

Nut - ASTM A563A 

Bolt: H#10435580 

Nut:0055551-116146  

c4 
5/8" [16] Dia. UNC, 1 1/2" [38] 

Long Hex Head Bolt and Nut 

Bolt - ASTM A307 Gr. A   

Nut - ASTM A563A 

Bolt: H#10207560  

Nut: P#36713 C#210101523 

COC 

c5 
5/8" [16] Dia. UNC, 18" [457] 

Long Guardrail Bolt and Nut 

Bolt - ASTM A307 Gr. A   

Nut - ASTM A563A 

Bolt: H#NF16102734 

Nut: 0055551-116146   
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Table A-2. Bill of Materials, Test Nos. MSPBN-1 through MSPBN-3, Cont. 

Item  

No. 
Description Material Spec Material Cert Reference 

c6 
7/8" [22] Dia. UNC, 8" [203] 

Long Hex Head Bolt and Nut 

Bolt - ASTM A307 Gr. A   

Nut - ASTM A563A 

 Bolt: H#2038622 

Nut: H#NF12101054  

c7 
5/8" [16] Dia. UNC, 10" [254] 

Long Guardrail Bolt and Nut 

Bolt - ASTM A307 Gr. A   

Nut - ASTM A563A 

Bolt: H#20351510 

 Nut: 0055551-116146 

c8 16D Double Head Nail - L# 97812A109 

e1 
7/16" [11] Dia. Plain Round 

Washer 

ASTM F844 or ASTM 

F436 Type 1 
H#1GX24 L#57253FNEA 

e2 
5/8" [16] Dia. Plain Round 

Washer 
ASTM F844 n/a 

e3 
7/8" [22] Dia. Plain Round 

Washer 
ASTM F844 n/a 

f1 BCT Timber Post - MGS Height 

SYP Grade No. 1 or better 

(No knots +/- 18" [457] 

from ground on tension 

face) 

Charge#22927 

P#GS6846PST 

f2 

W6x8.5 [W152x12.6] or W6x9 

[W152x13.4], 78" [1,981] Long 

Steel Post 

ASTM A992 H#55044245 

g1 BCT Anchor Cable Assembly - 
Nuts: L#366055B 

H#DL15103032 

g2 
2 3/8" [60] O.D. x 6" [152] Long 

BCT Post Sleeve 

ASTM A53 Gr. B 

Schedule 40 
H#A79999 

g3 
5/8" Dia. [15.9] x 14.4' [4,389] 

Long Cable and Swage Button 

"Cold Tuff" Button, S-409 

Size No. 12 SB, Stock No. 

1040395 for 5/8" [16] Dia. 

(6x19) wire rope (or any 

similarly sized swage-grip 

button ferrules) 

Order#248853 

g4 

12 5/8"x5 13/16"x3/16" 

[321x148x5] Nose Cable Anchor 

Plate 

ASTM A36 H#B4M5475 

g5 
2 1/4"x3/4" [57x19] 11 gauge [3] 

U-Bolt Plate Washer 
ASTM A1011 CS Type B H#B609769 

g6 1/4" [6] Dia. U-Bolt and Nut 

U-Bolt-ASTM A307 Gr.A            

Nut-ASTM A563DH or 

ASTM A563A 

Bolt: H#71067E  

Nut: H#184259  

h1 Ground Strut Assembly 
ASTM 1011-12 SS 

GRADE 36 TYPE 2 
H#195070 

h2 Anchor Bracket Assembly ASTM A36 H#JK16101488 
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Figure A-1. Foundation Tube Material Specification, Test Nos. MSPBN-1 through MSPBN-3
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Figure A-2. Anchor Bearing Plate Material Specification, Test Nos. MSPBN-1 through MSPBN-

3 



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

145 

 

Figure A-3. Lower Slip Post Tube Assembly Material Specification, Test Nos. MSPBN-1 

through MSPBN-3
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Figure A-4. Lower Slip Post Plate Assembly Material Specification, Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-5. Upper Slip Plate Assembly Material Specification, Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-6. Upper Slip Post Assembly Material Specification, Test Nos. MSPBN-1 through MSPBN-3
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Figure A-7. Timber Blockout and BCT Timber Post Certificate of Compliance, Test Nos. 

MSPBN-1 through MSPBN-3 
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Figure A-8. Thrie Beam Material Specification, Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-9. 7/16-in. (11-mm) Dia. 2¼-in. (57-mm) Long Heavy Hex Bolt Material Specification, 

Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-10. 7/16-in. (11-mm) Dia. Heavy Hex Nut Material Specification, Test Nos. MSPBN-1 

through MSPBN-3 



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

 

153 

 

Figure A-11. ⅝-in. (16-mm) Dia., 10-in. (254-mm) Long Hex Bolt Material Specification, Test 

Nos. MSPBN-1 through MSPBN-3 
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Figure A-12. ⅝-in. (16-mm) Dia., 1¼-in. (32-mm) Long Guardrail Bolt Material Specification, 

Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-13. ⅝-in. (16-mm) Dia. Nut, Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-14. ⅝-in. (16-mm) Dia., 1½-in. (38-mm) Long Hex Bolt Material Specification, Test 

Nos. MSPBN-1 through MSPBN-3 
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Figure A-15. ⅝-in. (16-mm) Dia. Hex Nut Certificate of Compliance, Test Nos. MSPBN-1 

through MSPBN-3 
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Figure A-16. ⅝-in. (16-mm) Dia., 18-in. (457-mm) Long Guardrail Bolt Material Specification, 

Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-17. ⅞-in. (22-mm) Dia., 8-in. (203-mm) Long Hex Bolt Material Specification, Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-18. ⅞-in. (22-mm) Dia. Hex Nut Material Specification, Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-19. ⅝-in. (16-mm) Dia., 10-in. (254-mm) Long Guardrail Bolt Material Specification, 

Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-20.  16D Double Head Nail Certificate of Compliance, Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-21. 7/16-in. (11-mm) Dia. Plain Round Washer Material Specification, Test Nos. 

MSPBN-1 through MSPBN-3 
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Figure A-22. W6-in. x 8.5-in. (W152-mm x12.6-mm), 78-in. (1,981-mm) Long Steel Post Material Specification, Test Nos. MSPBN-1 

through MSPBN-3 
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Figure A-23. BCT Anchor Cable Assembly, Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-24. 2⅜-in. (60-mm), 6-in. (152-mm) Long BCT Post Sleeve Material Specification, 

Test Nos. MSPBN-1 through MSPBN-3 



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

167 

 

Figure A-25. ⅝-in. (16-mm) Dia., 14.4-ft (4,389-mm) Long Cable and Swage Button Certificate 

of Compliance, Test Nos. MSPBN-1 through MSPBN-3 
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Figure A-26. 12⅝-in. x 513/16-in. x 3/16-in. (321-mm x 148-mm x 5-mm) Nose Cable Anchor Plate Material Specification, Test Nos. 

MSPBN-1 through MSPBN-3 
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Figure A-27. 2¼-in. x ¾-in. (57-mm x 19-mm), 11-gauge, U-Bolt Plate Washer Material Specification, Test Nos. MSPBN-1 through 

MSPBN-3 
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Figure A-28. ¼-in. (6-mm) U-Bolt Certificate of Compliance, Test Nos. MSPBN-1 through 

MSPBN-3
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Figure A-29. ¼-in. (6-mm) Hex Nut Material Specification, Test Nos. MSPBN-1 through 

MSPBN-3 
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Figure A-30. Ground Strut Assembly Material Specification, Test Nos. MSPBN-1 through MSPBN-3
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Figure A-31. Anchor Bracket Assembly Material Specification, Test Nos. MSPBN-1 through 

MSPBN-3 
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Appendix B. Vehicle Center of Gravity Determination 
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Figure B-1. Vehicle Mass Distribution, Test No. MSPBN-1

Date: 3/3/2017 Test Name: MSPBN-1 VIN:

Year: 2010 Make: Dodge Model:

VEHICLE Equipment

Weight         

(lb.)

Vertical CG 

(in.)

Vertical M             

(lb.-in.)

+ Unballasted Truck (Curb) 5108 28 3/8 144939.5

+ Hub 19 14 3/4 280.25

+ Brake activation cylinder & frame 7 29 1/2 206.5

+ Pneumatic tank (Nitrogen) 27 28 756

+ Strobe/Brake Battery 5 26 1/2 132.5

+ Brake Receiver/Wires 5 52 1/2 262.5

+ CG Plate including DAS 42 30 1/4 1270.5

- Battery -44 42 -1848

- Oil -14 27 -378

- Interior -101 28 -2828

- Fuel -197 17 -3349

- Coolant -11 35 -385

- Washer fluid -7 36 -252

+ Water Ballast (In Fuel Tank) 131 17 2227

+ Onboard Supplemental Battery 14 26 1/2 371

0

Note: (+) is added equipment to vehicle, (-) is removed equipment from vehicle 141405.75

Estimated Total Weight (lb.) 4984

Vertical CG Location (in.) 28.3719

Vehicle Dimensions for C.G. Calculations

Wheel Base: 140 1/4 in. Front Track Width: 67 in.

Rear Track Width: 67 3/4 in.

Test Inertial Difference

5000 ± 110 5001 1.0

63 ± 4 60.575885 -2.42412

NA -0.343544 NA

28 or greater 28.37 0.37194

Note:  Long. CG is measured from front axle of test vehicle 

Note:  Lateral CG measured from centerline - positive to vehicle right (passenger) side

CURB WEIGHT (lb.) TEST INERTIAL WEIGHT (lb.)

Left Right Left Right

Front  1501 1410 Front 1442 1399

Rear 1100 1097 Rear 1084 1076

FRONT 2911 lb. FRONT 2841 lb.

REAR 2197 lb. REAR 2160 lb.

TOTAL 5108 lb. TOTAL 5001 lb.

Vertical CG  (in.)

2270P MASH TargetsCenter of Gravity 

Test Inertial Weight (lb.)

Longitudinal CG  (in.)

1D7RB1GP9AS171061

RAM 1500

 Vehicle CG Determination

Lateral CG  (in.)
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Figure B-2. Vehicle Mass Distribution, Test No. MSPBN-2 
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Figure B-3. Vehicle Mass Distribution, Test No. MSPBN-3 

Date: 4/11/2017 Test Name: MSPBN-3 VIN:

Year: 2011 Make: Hyundai Model:

VEHICLE Equipment

Weight         

(lb.)

+ Unbalasted Car (Curb) 2464

+ Hub 19

+ Brake activation cylinder & frame 7

+ Pneumatic tank (Nitrogen) 27

+ Strobe/Brake Battery 5

+ Brake Reciever/Wires 5

+ CG Plate including DAS 13

- Battery -28

- Oil -7

- Interior -60

- Fuel -12

- Coolant -8

- Washer fluid -6

+ Water Ballast (In Fuel Tank) 0

+ Onboard Battery 12

Note: (+) is added equipment to vehicle, (-) is removed equipment from vehicle

Estimated Total Weight (lb.) 2431

Vehicle Dimensions for C.G. Calculations

Roof Height: 57 1/4 in. Front Track Width: 57 3/4 in.

Wheel Base: 98 1/2 in. Rear Track Width: 57 3/8 in.

Test Inertial Difference

2420 ± 55 2441 21

39 ± 4 36.84166 -2.1583367

NA -0.74282 NA

NA 22.70178 NA

Note:  Long. CG is measured from front axle of test vehicle 

Note:  Lateral CG measured from centerline - positive to vehicle right (passenger) side

CURB WEIGHT (lb.) TEST INERTIAL WEIGHT (lb.)

Left Right Left Right

Front  814 752 Front 784 744

Rear 433 465 Rear 468 445

FRONT 1566 lb. FRONT 1528 lb.

REAR 898 lb. REAR 913 lb.

TOTAL 2464 lb. TOTAL 2441 lb.

Vertical CG  (in.)

Longitudinal CG  (in.)

Lateral CG  (in.)

KMHCN4AC5BU612118

Accent

 Vehicle CG Determination

Center of Gravity 1100C MASH Targets

Test Inertial Weight (lb.)
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Appendix C. Static Soil Tests 
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Figure C-1. Soil Strength, Initial Calibration, Test No. MSPBN-1  

   Post-Test Photo of Post     Static Load Test

Date………………………………………………………………………….

Test Facility & Site Location……………………………………………

In situ soil description (ASTM D2487)…………………………………

Fill material description (ASTM D2487)…………………………….

Description of fill placement procedure……………………………..

Bogie Weight……………………………………………………………….lb kg

Impact Velocity……………………………………………………………mph km/h

    Dynamic Set up   Post-Test Photo of Post

5/17/2013

Midwest Roadside Safety Facility

Well-Graded Gravel (GW)

Well-Graded Gravel (GW) (see sieve analyses above)
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Figure C-2. Static Soil Test, Test No. MSPBN-1  

Static Load Test Setup   Post-Test Photo of Post

Date………………………………………………………………………….11/17/2017

Description of fill placement procedure……………………………..8-inch lifts tamped with a pneumatic compactor

Test Facility & Site Location……………………………………………Midwest Roadside Safety Facility

In situ soil description (ASTM D2487)…………………………………Low Plasticity Silt (ML)

Fill material description (ASTM D2487)…………………..Well-Graded Gravel (GW) (see sieve analyses above)
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Figure C-3. Soil Strength, Initial Calibration, Test No. MSPBN-2  

   Post-Test Photo of Post     Static Load Test

Date………………………………………………………………………….

Test Facility & Site Location……………………………………………

In situ soil description (ASTM D2487)…………………………………

Fill material description (ASTM D2487)…………………………….

Description of fill placement procedure……………………………..

Bogie Weight……………………………………………………………….lb kg

Impact Velocity……………………………………………………………mph km/h

Well-Graded Gravel (GW) (see sieve analyses above)

8" lift 3-4 passes

1843

20.0

836

32.2

    Dynamic Set up   Post-Test Photo of Post

3/20/2012

Midwest Roadside Safety Facility
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Figure C-4. Static Soil Test, Test No. MSPBN-2  
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Figure C-5. Soil Strength, Initial Calibration, Test No. MSPBN-3  

   Post-Test Photo of Post     Static Load Test

Date………………………………………………………………………….

Test Facility & Site Location……………………………………………

In situ soil description (ASTM D2487)…………………………………

Fill material description (ASTM D2487)…………………………….

Description of fill placement procedure……………………………..

Bogie Weight……………………………………………………………….lb kg

Impact Velocity……………………………………………………………mph km/h

Well-Graded Gravel (GW) (see sieve analyses above)

8" lift 3-4 passes

1843

20.0

836

32.2

    Dynamic Set up   Post-Test Photo of Post
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Figure C-6. Static Soil Test, Test No. MSPBN-3  

 

Static Load Test Setup   Post-Test Photo of Post

Date………………………………………………………………………….11/17/2017

Description of fill placement procedure……………………………..8-inch lifts tamped with a pneumatic compactor

Test Facility & Site Location……………………………………………Midwest Roadside Safety Facility

In situ soil description (ASTM D2487)…………………………………Low Plasticity Silt (ML)

Fill material description (ASTM D2487)…………………..Well-Graded Gravel (GW) (see sieve analyses above)
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Appendix D. Vehicle Deformation Records 
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Figure D-1. Floor Pan Deformation Data – Set 1, Test No. MSPBN-1 
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Figure D-2. Floor Pan Deformation Data – Set 2, Test No. MSPBN-1 
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Figure D-3. Occupant Compartment Deformation Data – Set 1, Test No. MSPBN-1 
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Figure D-4. Occupant Compartment Deformation Data – Set 2, Test No. MSPBN-1 
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Figure D-5. Exterior Vehicle Crush (NASS) - Front, Test No. MSPBN-1 
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Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. MSPBN-1 
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Figure D-7. Floor Pan Deformation Data – Set 1, Test No. MSPBN-2  
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Figure D-8. Floor Pan Deformation Data – Set 2, Test No. MSPBN-2 
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Figure D-9. Occupant Compartment Deformation Data – Set 1, Test No. MSPBN-2 
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Figure D-10. Occupant Compartment Deformation Data – Set 2, Test No. MSPBN-2 
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Figure D-11. Exterior Vehicle Crush (NASS) - Front, Test No. MSPBN-2 
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Figure D-12. Exterior Vehicle Crush (NASS) - Side, Test No. MSPBN-2 
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Figure D-13. Floor Pan Deformation Data – Set 1, Test No. MSPBN-3  
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Figure D-14. Floor Pan Deformation Data – Set 2, Test No. MSPBN-3 



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

200 

 

Figure D-15. Driver Occupant Compartment Deformation Data – Set 1, Test No. MSPBN-3 
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Figure D-16. Passenger Occupant Compartment Deformation Data – Set 1, Test No. MSPBN-3 
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Figure D-17. Driver Occupant Compartment Deformation Data – Set 2, Test No. MSPBN-3 
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Figure D-18. Passenger Occupant Compartment Deformation Data – Set 2, Test No. MSPBN-3 
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Figure D-19. Exterior Vehicle Crush (NASS) - Front, Test No. MSPBN-3 
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Figure D-20. Exterior Vehicle Crush (NASS) - Side, Test No. MSPBN-3 
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Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. MSPBN-1 
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Figure E-1. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. MSPBN-1 
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Figure E-2. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. MSPBN-1 
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Figure E-3. Longitudinal Occupant Displacement (SLICE-1), Test No. MSPBN-1 
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Figure E-4. 10-ms Average Lateral Deceleration (SLICE-1), Test No. MSPBN-1 
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Figure E-5. Lateral Occupant Impact Velocity (SLICE-1), Test No. MSPBN-1 

-2

0

2

4

6

8

10

12

14

16

0 0.2 0.4 0.6 0.8 1 1.2

V
e

lo
ci

ty
 (

m
/s

)

Time (sec)

Lateral Change in Velocity - SLICE-1

CFC-180 Extracted Lateral change in velocity (m/s)

MSPBN-1



 

 

2
1
2
 

A
u
g
u
st 2

7
, 2

0
2
0  

M
w

R
S

F
 R

ep
o
rt N

o
. T

R
P

-0
3
-3

8
9
-2

0 

 

Figure E-6. Lateral Occupant Displacement (SLICE-1), Test No. MSPBN-1 
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Figure E-7. Vehicle Yaw, Pitch and Roll Angular Displacements (SLICE-1), Test No. MSPBN-1 
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Figure E-8. Acceleration Severity Index (SLICE-1), Test No. MSPBN-1
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Figure E-9. 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. MSPBN-1 
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Figure E-10. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. MSPBN-1 
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Figure E-11. Longitudinal Occupant Displacement (SLICE-2), Test No. MSPBN-1 
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Figure E-12. 10-ms Average Lateral Deceleration (SLICE-2), Test No. MSPBN-1 
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Figure E-13. Lateral Occupant Impact Velocity (SLICE-2), Test No. MSPBN-1 
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Figure E-14. Lateral Occupant Displacement (SLICE-2), Test No. MSPBN-1 
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Figure E-15. Vehicle Yaw, Pitch, and Roll Angular Displacements (SLICE-2), Test No. MSPBN-1 
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Figure E-16. Acceleration Severity Index (SLICE-2), Test No. MSPBN-1
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Appendix F. Accelerometer and Rate Transducer Data Plots, Test No. MSPBN-2 
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Figure F-1. 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. MSPBN-2 
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Figure F-2. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. MSPBN-2 
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Figure F-3. Longitudinal Occupant Displacement (SLICE-2), Test No. MSPBN-2 
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Figure F-4. 10-ms Average Lateral Deceleration (SLICE-2), Test No. MSPBN-2 
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Figure F-5. Lateral Occupant Impact Velocity (SLICE-2), Test No. MSPBN-2 
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Figure F-6. Lateral Occupant Displacement (SLICE-2), Test No. MSPBN-2 
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Figure F-7. Vehicle Yaw, Pitch, and Roll Angular Displacements (SLICE-2), Test No. MSPBN-2 
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Figure F-8. Acceleration Severity Index (SLICE-2), Test No. MSPBN-2   
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Figure F-9. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. MSPBN-2
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Figure F-10. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. MSPBN-2 
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Figure F-11. Longitudinal Occupant Displacement (SLICE-1), Test No. MSPBN-2

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

0 0.2 0.4 0.6 0.8 1 1.2

D
is

p
la

ce
m

en
t 

(m
)

Time (sec)

Longitudinal Change in Displacement - SLICE-1

CFC-180 Extracted Longitudinal Displacement (m)

MSPBN-2



 

 

2
3
5
 

A
u
g
u
st 2

7
, 2

0
2
0  

M
w

R
S

F
 R

ep
o
rt N

o
. T

R
P

-0
3
-3

8
9
-2

0 

 

Figure F-12. 10-ms Average Lateral Deceleration (SLICE-1), Test No. MSPBN-2 
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Figure F-13. Lateral Occupant Impact Velocity (SLICE-1), Test No. MSPBN-2 
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Figure F-14. Lateral Occupant Displacement (SLICE-1), Test No. MSPBN-2 
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Figure F-15. Vehicle Yaw, Pitch and Roll Angular Displacements (SLICE-1), Test No. MSPBN-2 
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Figure F-16. Acceleration Severity Index (SLICE-1), Test No. MSPBN-2 
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Appendix G. Accelerometer and Rate Transducer Data Plots, Test No. MSPBN-3 
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Figure G-1. 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. MSPBN-3 
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Figure G-2. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. MSPBN-3 
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Figure G-3. Longitudinal Occupant Displacement (SLICE-2), Test No. MSPBN-3 
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Figure G-4. 10-ms Average Lateral Deceleration (SLICE-2), Test No. MSPBN-3 
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Figure G-5. Lateral Occupant Impact Velocity (SLICE-2), Test No. MSPBN-3 
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Figure G-6. Lateral Occupant Displacement (SLICE-2), Test No. MSPBN-3 
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Figure G-7. Vehicle Yaw, Pitch, and Roll Angular Displacements (SLICE-2), Test No. MSPBN-3 
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Figure G-8. Acceleration Severity Index (SLICE-2), Test No. MSPBN-3   
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Figure G-9. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. MSPBN-3
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Figure G-10. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. MSPBN-3 
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Figure G-11. Longitudinal Occupant Displacement (SLICE-1), Test No. MSPBN-3
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Figure G-12. 10-ms Average Lateral Deceleration (SLICE-1), Test No. MSPBN-3 
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Figure G-13. Lateral Occupant Impact Velocity (SLICE-1), Test No. MSPBN-3 
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Figure G-14. Lateral Occupant Displacement (SLICE-1), Test No. MSPBN-3 
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Figure G-15. Vehicle Yaw, Pitch, and Roll Angular Displacements (SLICE-1), Test No. MSPBN-3 
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Figure G-16. Acceleration Severity Index (SLICE-1), Test No. MSPBN-3 
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