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1 INTRODUCTION  

1.1 Background 

New York State Department of Transportation (NYSDOT) relies heavily on box beam 

guide rail along their roadsides and has experienced several penetration impacts with National 

Cooperative Highway Research Program (NCHRP) Report No. 350 [1] compliant box beam 

terminals. Further, NYSDOT was facing the prospect of losing their energy-absorbing terminal 

options, the WyBET and BEAT, for their box beam guide rail system. The WyBET was being 

discontinued and the manufacturer of the BEAT had indicated that they would ñwait until the last 

minuteò to conduct tests according to the Manual for Assessing Safety Hardware, Second Edition 

(MASH 2016) [2]. Consequently, NYSDOT was concerned that a MASH-compliant proprietary 

energy-absorbing box beam terminal might not be available when the MASH implementation 

deadline occurred. Therefore, NYSDOT desired to investigate the potential viability of a prototype 

box beam zig-zag end terminal through preliminary crash testing.  

1.2 Objective 

The objective of this report included an exploratory evaluation of the safety performance 

of a prototype box beam zig-zag end terminal through preliminary full -scale vehicle crash testing. 

The system was to be evaluated according to the Test Level 3 (TL-3) criteria of MASH 2016 [2].  

1.3 Scope 

The research objective was achieved by conducting one full -scale crash test on the 

NYSDOT box beam zig-zag end terminal according to MASH 2016 test designation no. 3-31. 

Next, the full-scale vehicle crash test results were analyzed, evaluated, and documented. 

Conclusions and recommendations were then made pertaining to the preliminary safety 

performance of the NYSDOT box beam zig-zag end terminal. 
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA  

2.1 Test Requirements 

Historically, guide rail end terminal systems have been required to satisfy impact safety 

standards to be accepted by the Federal Highway Administration (FHWA) for use on National 

Highway System (NHS) construction projects or as a replacement for existing designs not meeting 

current safety standards. According to TL-3 of MASH 2016, gating end terminals must be 

subjected to nine full-scale vehicle crash tests. The nine full-scale crash tests are as follows: 

1. Test designation no. 3-30 consisting of a 2,425-lb (1,100-kg) passenger car impacting 

at a nominal speed and angle of 62 mph (100 km/h) and 0 degrees, respectively, on the 

nose of the end terminal with a ¼-point offset. 

 

2. Test designation no. 3-31 consisting of a 5,000-lb (2,268-kg) pickup truck impacting 

at a nominal speed and angle of 62 mph (100 km/h) and 0 degrees, respectively, on the 

nose of the end terminal. 

 

3. Test designation no. 3-32 consisting of a 2,425-lb (1,100-kg) passenger car impacting 

at a nominal speed and angle of 62 mph (100 km/h) and 5 to 15 degrees, respectively, 

on the nose of the end terminal. 

 

4. Test designation no. 3-33 consisting of a 5,000-lb (2,268-kg) pickup truck impacting 

at a nominal speed and angle of 62 mph (100 km/h) and 5 to 15 degrees, respectively, 

on the nose of the end terminal. 

 

5. Test designation no. 3-34 consisting of a 2,425-lb (1,100-kg) passenger car impacting 

at a nominal speed and angle of 100 km/h (62 mph) and 15 degrees, respectively, and 

at the Critical Impact Point (CIP) on the end terminal. 

 

6. Test designation no. 3-35 consisting of a 5,000-lb (2,268-kg) pickup truck impacting 

at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees, respectively, and 

at the beginning of the Length-of-Need (LON) on the end terminal. 

 

7. Test designation no. 3-36 consisting of a 5,000-lb (2,268-kg) pickup truck impacting 

at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees, respectively, and 

at the CIP with respect to the transition to the backup structure. 

 

8. Test designation no. 3-37a consisting of a 5,000-lb (2,268-kg) pickup truck impacting 

at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees, respectively, and 

at the CIP for reverse direction impacts on the end terminal. Test designation no. 3-37b 

consisting of a 2,425-lb (1,100-kg) passenger car impacting at a nominal speed and 

angle of 62 mph (100 km/h) and 25 degrees, respectively, and at the CIP for reverse 

direction impacts on the end terminal. 

 

9. Test designation no. 3-38 consisting of a 3,307-lb (1,500-kg) intermediate car 

impacting at a nominal speed and angle of 62 mph (100 km/h) and 0 degrees, 
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respectively, on the nose of the end terminal, if it is demonstrated to be necessary 

following an analysis of selected test results. 

 

The test conditions for TL-3 guide rail end terminals are summarized in Table 1.  

Table 1. MASH TL-3 Crash Test Conditions 

Test 

Article 

Test 

Designation 

Test 

Vehicle 

Impact Conditions 

Evaluation 

Criteria 1 
Speed Angle 

(degrees) (mph) (km/h) 

Terminals 

3-30 1100C 62 100 0 C,D,F,H,I,N 

3-31 2270P 62 100 0 C,D,F,H,I,N 

3-32 1100C 62 100 5 to 15 C,D,F,H,I,N 

3-33 2270P 62 100 5 to 15 C,D,F,H,I,N 

3-34 1100C 62 100 15 C,D,F,H,I,N 

3-35 2270P 62 100 25 A,D,F,H,I 

3-36 2270P 62 100 25 A,D,F,H,I 

3-37a 2270P 62 100 25 C,D,F,H,I,N 

3-37b 1100C 62 100 25 C,D,F,H,I,N 

3-38 1500A 62 100 0 C,D,F,H,I,N 
1 Evaluation criteria explained in Table 2. 
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Table 2. MASH 2016 Evaluation Criteria for Terminals and Crash Cushions 

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. 

C. Acceptable test article performance may be redirection, controlled 

penetration, or controlled stopping of the vehicle 

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. 

F. The vehicle should remain upright during and after collision. The 

maximum roll and pitch angles are not to exceed 75 degrees. 

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

MASH 2016 for calculation procedure) should satisfy the following 

limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 
30 ft/s 

(9.1 m/s) 

40 ft/s 

(12.2 m/s) 

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

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

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 

Post ïImpact 

Vehicular 

Response 
N. Vehicle Trajectory behind the test article is acceptable. 

 

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 box-beam guardrail system 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. 
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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 test 

documented herein was conducted and reported in accordance with the procedures provided in 

MASH 2016. 

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

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

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

MASH 2016. 

2.3 Soil Strength Requirements 

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

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

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

same installation procedures are 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 in. and 20 in. (127 mm and 508 mm) measured at a height of 25 in. (635 

mm) above the ground line. 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 in., 10 in., and 15 in. (127 mm, 254 mm, and 381 mm). Further details can 

be found in Appendix B of MASH 2016. 
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3 DESIGN DETAILS  

The test installation consisted of 158 ft ï ¼ in. (48.2 m) of box beam guardrail supported 

by steel posts with a ñzig zagò box beam end terminal, as shown in Figures 1 through 30. All posts 

were spaced 72 in. (1,829 mm) on their center. The top mounting height of the box beam rail was 

27 in. (686 mm) from the ground line. Photographs of the test installation are shown in Figures 31 

through 38. Material specifications, mill certifications, and certificates of conformity for the 

system materials are shown in Appendix A.  

Post nos. 1 through 8 were W6x9 (W152x13.4) ASTM A992 steel posts measuring 84 in. 

(2,134 mm) long with soil plates and embedded 57 in. (1,448 mm) into well-graded soil. The 

spacing between post nos. 1 through 9 were alternatively spaced 5 ft ï 10 in. (1,778 mm) or 6 ft ï 

2 in. (1,880 mm) apart, starting with 5-ft 10-in. (1.8-m) spacing between post nos. 1 and 2. Post 

nos. 9 through 26 were S3x5.6 (S75x8.5) ASTM A36 steel posts measuring 63 in. (1,600 mm) 

long with soil plates and each post had an embedment depth of 36 in. (914 mm). Standard box 

beam was used between post nos. 9 and 26. Each post between post nos. 9 and 26 was spaced 72 

in. (1,829 mm) apart. Splice plates with tapped holes were used at all rail splice locations. 

ASTM A500 Grade B steel tube blockouts, 8 in. x 8 in. x 6 in. (203 mm x 203 mm x 152 

mm) long, were used to connect the box beam rail to post nos. 1 through 8. ASTM A36 steel L-

brackets, 3 in. x 2 in. x 4.8 in. (76 mm x 51 mm x 122 mm) long, were used to connect the box 

beam to post nos. 9 through 26. Bent rail was placed between post nos. 1 and 9 in alternating zig-

zags, as shown in Figure 3. An end terminal assembly, as shown in Figures 1 and 5 was utilized 

on the upstream end of the system. The downstream anchorage assembly used anchor posts to 

provide tension resistance, as shown in Figure 7. 
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Figure 1. System Layout, Test No. NYT-1
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Figure 2. Post Sections, Test No. NYT-1
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Figure 3. End Assembly, Test No. NYT-1



 

 

1
0 

D
e
c
e
m

b
e
r 16

, 2
02

0 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
9
1-2

0 

 
Figure 4. Splice Details, Test No. NYT-1














































































































































































































































































































































































