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1 INTRODUCTION 

Background 

Over the last several decades, the southwestern United States experienced numerous 

forest fires, prompting a need for more preventive techniques. In 2000, President Bill Clinton 

initiated the creation of the National Fire Plan, which focused on four main goals: (1) improve 

prevention and suppression; (2) reduce hazardous fuels; (3) restore fire-adapted ecosystems; and 

(4) promote community assistance [1]. 

Historically, fuel management has been a commonly-used technique for fire protection. 

In the 1960s, the U.S. Department of Agriculture (USDA) - Forest Service began managing fuels 

by using controlled-burn techniques, which are generally effective [2]. In order to remove the 

small-diameter forest thinnings (SDT) from a certain area, fires were started with containment. 

The thinnings, which could help fuel a fire in the future, consisted mostly of pine and fir species. 

However, due to both the lack of economic benefits and the high risk involved with controlled-

burn methods, more cost-efficient methods were sought to remove the small-diameter forest 

thinnings. 

Small-diameter trees can be used in a variety of ways, including lumber, structural 

roundwood, wood composites, wood fiber products, compost, mulch, and fuels [3]. By removing 

the potential fuel and selling it as various products, the cost of SDT removal would hopefully be 

recovered. Therefore, more uses for small-diameter trees were recommended for development in 

order to increase the product potential [4]. 

In response to this need, researchers at the Midwest Roadside Safety Facility (MwRSF), 

in cooperation with the Forest Products Laboratory (FPL) and the USDA - Forest Service, 

developed an adaptation of the Midwest Guardrail System (MGS) that utilized SDT materials as 
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timber posts [5-6]. The study determined appropriate sizes of Southern Yellow Pine (SYP), 

Douglas Fir (DF), and Ponderosa Pine (PP) round posts for use within the 31-in. (787-mm) tall 

corrugated W-beam system. 

In recent years, several unexpected forest fires also harmed large forests of PP timber in 

the State of Arizona. With such vast forests of affected timber, local producers within the timber 

industry deemed it necessary to further explore the use of PP material as posts in guardrail 

systems. Two additional W-beam guardrail systems were identified as systems that may be 

compatible with PP posts: the U.S. standard G4(2W) guardrail system and the Arizona DOT 

G4(2W) guardrail system. Although these W-beam guardrail systems utilize similar components 

to the wood post version of the MGS, differences in rail height and embedment depth exist 

between the three systems, as shown in Table 1. As a result, there may be different post 

performance requirements for each system. Therefore, further research was undertaken with a 

collaborative effort between the Arizona Timber Industry, MwRSF, and USDA-Forest Service – 

FPL, to determine the appropriate dimensions (diameter and length) and embedment depth of 

round PP posts for use within these two strong-post, W-beam guardrail systems. 

Phase I of this PP equivalency study incorporated 17 dynamic component tests on various 

wood posts, 6 of these on rectangular SYP posts and 11 on round PP posts with diameters 

between 8⅜ in. and 8¾ in. (213 mm and 222 mm). Based on the results of these component tests, 

an 8½-in. (216-mm) diameter PP post with a 35-in. (889-mm) embedment depth was found to 

provide strength and soil rotation resistance equivalent to the rectangular SYP post embedded 35 

in. (889 mm) [7]. Subsequently, this equivalent round PP post was recommended for use as a 

surrogate post for use in the Arizona G4(2W) W-beam guardrail system, as noted within Table 1. 
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However, an equivalent round PP post had yet to be determined for use in the U.S. standard 

G4(2W) guardrail system. 

Table 1. Wood Post Options for W-beam Guardrail Systems 

Guardrail 

System 

Top Rail 

Height 

in. 

(mm) 

Rectangular SYP Post Option Round PP Post Option 

Cross 

Section 

in. 

(mm) 

Length 

in. 

(mm) 

Embedment 

Depth 

in. 

(mm) 

Diameter 

in. 

(mm) 

Length 

in. 

(mm) 

Embedment 

Depth 

in. (mm) 

MGS 
31 

(787) 

6 x 8 

(152 x 203) 

72 

(1,829) 

40 

(1,016) 

8 

(203) 

69 

(1,753) 

37 

(940) 

Arizona 

System 

28 

(711) 

6 x 8 

(152 x 203) 

64 

(1,626) 

35 

(889) 

8½ 

(216) 

64 

(1,626) 

35 

(889) 

U.S. System 

G4(2W) 

27¾ 

(705) 

6 x 8 

(152 x 203) 

72 

(1,829) 

43¼ 

(1,099) 

8⅝ 

(219) 

65 

(1,651) 

36 

(914) 

 - Determined from Phase I R&D project [7]. 

 - Determined from Phase II R&D project [8]. 

 

Phase II of this PP equivalency study incorporated 9 dynamic component tests on various 

wood posts - 4 test on rectangular SYP posts and 5 tests on round PP posts with diameters 

approximately between 8½ in. and 8-11/16 in. (216 mm and 221 mm). Based on the results of 

these component tests, an 8⅝-in. (219-mm) diameter PP post with a 36-in. (914-mm) embedment 

depth was found to provide strength and soil rotation resistance equivalent to the rectangular 

SYP post embedded 43¼ in. (1,099 mm) [8]. Subsequently, this equivalent round PP post was 

recommended for use as a surrogate post for use in the U.S. standard G4(2W) W-beam guardrail 

system, as noted within Table 1. Within the Phase II study, enhanced grading criteria, materials 

specifications, and CAD details were provided for PP posts recommended for use in both 

Arizona and U.S. standard G4(2W) W-beam guardrail systems. 

Following the successful completion of the Phase I and II PP equivalency studies noted 

above [7-8], MwRSF researchers had sufficient component testing results and information to 
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request eligibility from Federal Highway Administration (FHWA) regarding the surrogate use of 

two PP post sizes within existing Arizona and U.S. standard G4(2W) W-beam guardrail systems. 

As such, MwRSF researchers began to prepare application materials for seeking FHWA 

eligibility for both PP post sizes based on dynamic bogie testing results. Around that same time, 

an opportunity arose to seek and obtain additional R&D funding to conduct one full-scale vehicle 

crash test to further demonstrate the viability of round PP posts in existing, strong-post, W-beam 

guardrail systems. Therefore, MwRSF researchers initially held off on seeking FHWA eligibility 

to first determine whether additional funding would come to fruition to conduct a demonstration 

crash test. The demonstration test was expected to further confirm results obtained from dynamic 

bogie testing as well as offer confidence to State DOTs interested in using round PP posts to 

repair damaged strong-post, W-beam guardrail systems configured with 6-in. x 8-in. (152-mm x 

203-mm) rectangular SYP posts. 

In early April 2015, MwRSF learned that additional funding would become available 

from the 2015 Wood Innovations Grant Program through the Arizona State Forestry Division, 

which was intended to expand and accelerate wood energy and innovative wood building 

materials. Further, the program stipulated the use of hazardous fuels from National Forest 

System lands and other forested lands to promote forest health while simultaneously generating 

rural jobs. As such, the collaborative team moved forward with a Phase III demonstration 

project. 

Research Objectives 

The objective for this project was to demonstrate that the previously-identified PP post 

sizes (diameters and lengths) and embedment depths would adequately and safely serve as 

surrogates for 6-in. x 8-in. (152-mm x 203-mm) rectangular SYP posts that are used within 
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existing Arizona and U.S. standard G4(2W) W-beam guardrail systems. The specific guardrail 

systems are those that have either met or been grandfathered under the impact safety standards 

published in the National Cooperative Highway Research Program (NCHRP) Report No. 350 

[9]. 

As such, one full scale crash test (i.e., compliance test) was performed to further 

demonstrate the crashworthiness of the Arizona G4(2W) W-beam guardrail system when 

supported by an 8½-in. (216-mm) diameter (ground line) PP post with a 35-in. (889-mm) 

embedment depth and a 64-in. (1,626-mm) post length. The demonstration test was conducted 

according to the Test Level 3 (TL-3) safety criteria published in NCHRP Report No. 350 [9]. 

The successful completion of the demonstration test also confirmed the use of an 8⅝-in. (219-

mm) diameter (ground line) PP post with a 36-in. (914-mm) embedment depth and a 65-in. 

(1,651-mm) post length within existing U.S. standard G4(2W) W-beam guardrail systems. 

Research Scope 

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

details were prepared for the overall barrier installation that utilized round PP posts. Second, 

round PP posts and routed offset blocks were acquired, which included the documentation and 

archive of mill certifications, material specifications, and/or Certificates of Compliance. 

Subsequently, the Arizona G4(2W) W-beam guardrail system was constructed with round PP 

posts and an overall system length of 175 ft (53.3 m) from end post to end post. Next, one TL-3 

full-scale vehicle crash test was performed with a ¾-ton pickup truck (2000P vehicle) at the 

target conditions of 62.1 mph (100 km/h) and 25 degrees using a critical impact point and per 

test designation no. 3-11 published in the NCHRP Report No. 350, Recommended Procedures 

for the Safety Performance Evaluation of Highway Features. The test results were analyzed, 
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evaluated, and documented. Finally, conclusions and recommendations were provided regarding 

the performance and use of round PP posts in lieu of rectangular SYP posts in Arizona and U.S. 

standard G4(2W) W-beam guardrail systems. 
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2 DESIGN DETAILS 

The test installation for the guardrail system consisted of 175 ft (53.3 m) of standard 12-

gauge (2.66-mm) W-beam supported by round Ponderosa Pine (PP) wood posts. Design details 

are shown in Figures 1 through 14. Photographs of the test installation are shown in Figures 15 

through 17. Material specifications, mill certifications, and certificates of conformity for the 

system materials are shown in Appendix A.  

The barrier utilized standard 12-ft 6-in. (3.81-m) long 12-gauge (2.66-mm) W-beam rails, 

as shown in Figures 1, 3, and 10. The W-beam guardrail was mounted with a top-rail height of 

28 in. (711 mm) throughout the entire system. The rail splices were located at post locations, as 

shown in Figures 3 and 15. All lap-splice connections between the rail sections were configured 

with the upstream segment in front of the downstream segment to minimize the potential for 

vehicle snag at the splice during the crash test. 

The rail was supported by twenty-nine guardrail posts spaced at 75 in. (1,905 mm) on 

center, as shown in Figures 1, 2, 15, and 16. All twenty-five PP posts were placed in a 

compacted coarse, crushed limestone material that met Grading B of AASHTO M147-65, as 

found in NCHRP Report No. 350. The posts were installed using MwRSF’s installation 

procedures which comply with the 2009 Manual for Assessing Safety Hardware (MASH) 

specifications [10] Post nos. 3 through 27 consisted of a nominal 8½ in. (216 mm) diameter at 

groundline, a 64-in. (1,626-mm) length, and used a soil embedment depth of 35 in. (889 mm). 

The actual post dimensions and physical data are shown in Table 2. A 6-in. wide x 8-in. deep x 

14¼-in. long (152-mm x 203-mm x 362-mm) routed PP wood spacer blockout was used to block 

the rail away from the front face of each PP post.  

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

trailing-end anchorage system, as shown in Figures 5 and 17. This guardrail anchorage system 
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was utilized to simulate the strength of other crashworthy end terminals. The anchorage system 

consisted of timber posts, foundation tubes, anchor cables, bearing plates, rail brackets, and 

channel struts, which closely resembled the hardware used in the Modified BCT system and now 

part of a crashworthy, downstream trailing end terminal [11-14]. Post nos. 1, 2, 28, and 29 were 

breakaway cable terminal (BCT) timber posts that were inserted into 6-ft (1.8-m) long, steel 

foundation tubes, as shown in Figure 7. 
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Figure 1. Test Installation Layout, Test No. AZRP-1 
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Figure 2. Post Nos. 3 through 27 Details, Test No. AZRP-1 
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Figure 3. Guardrail Splice Details, Test No. AZRP-1 
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Figure 4. End of Guardrail Details, Test No. AZRP-1 



 

 

1
3
 

M
ay

 1
7

, 2
0
1

6
  

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-3
2
9
-1

5
 

 
Figure 5. End Anchorage Details, Test No. AZRP-1 
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Figure 6. Line Post and Blockout Details, Test No. AZRP-1 
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Figure 7. BCT Post and Foundation Tube Details, Test No. AZRP-1 
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Figure 8. BCT Cable Anchor Details, Test No. AZRP-1 
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Figure 9. Ground Strut and Anchor Bracket Details, Test No. AZRP-1 
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Figure 10. Guardrail Section Details, Test No. AZRP-1 
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Figure 11. Fastener Details, Test No. AZRP-1 
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Figure 12. Ponderosa Pine Round Post Specifications, Test No. AZRP-1 
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Figure 13. Ponderosa Pine Round Post Specifications, Test No. AZRP-1 
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Figure 14. Bill of Materials, Test No. AZRP-1 
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Figure 15. Test Installation Photographs, Test No. AZRP-1 
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Figure 16. Test Installation Post Photographs, Test No. AZRP-1 
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Figure 17. Test Installation End Anchorage Photographs, Test No. AZRP-1 
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Table 2. Ponderosa Pine Round Posts – Selected Data 

Post 

No. 

Post 

Designation 

Post Diameter 

(in.) 
Ring 

Density 

(rings/in.) 

Post 

Weight 

(lbs) 

Post 

Length 

(in.) 

Moisture Content 

(%) 

Ground 

Line 

8 in. 

Below 

Ground 

Line 

Ground 

Line 

8 in. 

Below 

Ground 

Line 

3 R 8.75 8.75 12.0 120 64.1 29 30 

4 S 8.59 8.59 12.0 75 64.1 22 22 

5 T 8.79 8.71 14.0 91 64.1 21 21 

6 I 8.75 8.79 12.0 88 64.0 21 24 

7 Y 8.79 8.79 11.0 108 64.2 25 21 

8 Q 8.59 8.67 13.3 71 64.1 18 18 

9 U 8.67 8.63 7.3 90 64.0 22 20 

10 X 8.59 8.55 10.3 91 64.1 21 22 

11 V 8.55 8.59 15.0 111 64.2 44 44 

12 BB 8.79 8.87 13.0 99 64.4 35 37 

13 B 8.87 8.83 7.0 111 64.1 36 34 

14 W 8.91 8.87 15.0 101 64.4 23 20 

15 F 8.59 8.67 9.3 112 64.1 36 35 

16 G 8.83 8.87 12.0 80 64.1 19 22 

17 A 8.83 8.91 10.7 67 64.2 18 20 

18 D 8.59 8.67 11.7 79 64.0 21 19 

19 J 8.51 8.55 10.3 90 64.1 27 47 

20 H 8.99 9.07 9.3 92 64.1 31 27 

21 P 8.59 8.67 9.0 89 64.0 20 19 

22 N 8.71 8.63 11.0 98 64.2 26 27 

23 O 8.99 9.07 14.7 107 64.2 19 19 

24 L 8.71 8.75 9.0 78 64.1 17 20 

25 K 8.75 8.75 15.0 84 64.0 25 22 

26 E 8.67 8.71 11.7 96 64.1 22 28 

27 M 8.71 8.83 13.7 101 64.0 30 31 
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA 

Test Requirements 

Longitudinal barriers, such as W-beam guardrails, must satisfy impact safety standards in 

order to be declared eligible for federal reimbursement by the FHWA and for use on the National 

Highway System (NHS). For new hardware, these safety standards consist of the guidelines and 

procedures published in NCHRP Report No. 350 [9]. According to TL-3 of NCHRP Report No. 

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

summarized in Table 3.  

Table 3. NCHRP Report No. 350 TL-3 Crash Test Conditions for Longitudinal Barriers 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight, 

lb 

(kg) 

Impact Conditions 

Evaluation 

Criteria
1
 

Speed, 

mph 

(km/h) 

Angle, 

deg. 

Longitudinal 

Barrier 

3-10 820C 
1,808 

(820) 

62.1 

(100) 
20 A,D,F,H,I,K,M 

3-11 2000P 
4,409 

(2,000) 

62.1 

(100) 
25 A,D,F,K,L,M 

1
 Evaluation criteria explained in Table 4. 

 

Based on the success of prior small car testing on strong-post, W-beam guardrail systems, 

the 1,808-lb (820-kg) small car crash test was deemed unnecessary for this demonstration 

project. Details pertaining to a sampling of prior successful small car tests into strong-post 

guardrail systems are contained below. 

First, test no. GR-1 was performed on a G4(2W) guardrail system that was configured 

with 6-in. x 8-in. x 14-in. (152-mm x 203-mm x 356-mm) long timber blockouts and supported 

6-in. x 8-in. x 6-ft (152-mm x 203-mm x 1.8-m) long timber posts spaced on 6 ft – 3 in. (1,905 

mm) centers and according to the NCHRP Report No. 230 safety performance criteria [15]. The 
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barrier successfully contained and redirected a 1,989-lb (902-kg) small car impacting at 60.1 

mph (96.7 km/h) and 15.5 degrees [16]. The dynamic deflection was measured as 7.7 in. (196 

mm). 

A second study was performed on strong-post, W-beam guardrail systems by Texas 

Transportation Institute (TTI) researchers and included two full-scale crash tests with small cars 

according to the NCHRP Report No. 230 criteria. First, test no. 1147-1 was performed on a W-

beam guardrail system that was configured with 7-in. (178-mm) diameter round wood posts 

without the use of spacer blocks, embedded 38 in., and spaced on 8 ft – 4 in. (2,540 mm) centers. 

The barrier successfully contained and redirected a 1,967-lb (892-kg) small car impacting at 61.7 

mph (99.3 km/h) and 20.7 degrees, even with significant wheel snag observed on the posts [17]. 

The dynamic deflection was measured as 16.0 in. (406 mm). Second, test no. 1147-3 was 

performed on a modified G4(1S) W-beam guardrail system that was configured with steel posts 

with offset blocks, which were spaced on 8 ft – 4 in. (2,540 mm) centers. The barrier 

successfully contained and redirected a 1,968-lb (893-kg) small car impacting at 61.5 mph (99.0 

km/h) and 20.5 degrees, even with significant wheel snag observed on the posts [17]. The 

dynamic deflection was measured as 24.0 in. (610 mm). 

A third study was performed on strong-post W-beam guardrail systems positioned near 

curbs, curves, and slopes by researchers at ENSCO, Inc. This effort included test no. 1862-2-89 

[18], which was run using NCHRP Report No. 230 criteria to evaluate a G4(1S) guardrail with 

steel posts and offset blocks spaced on 6 ft – 3 in. (1,905 mm) centers and positioned on a 1,192-

ft (363-m) radius curve with flat terrain. The barrier successfully contained and redirected a 

1,964-lb (891-kg) small car impacting at 62.2 mph (100.0 km/h) and 20.0 degrees [18]. 

The fourth study was performed on a modified G4(1S) guardrail system by MiTech 

Incorporated [19]. The guardrail was configured with steel posts and 6-in. x 8-in. (152-mm x 
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203-mm) offset blocks, using a 6-ft 3-in. (1,905 mm) post spacing. Test no. 99F003 was 

performed according to the NCHRP Report No. 350 criteria [9] using a 2,002-lb (908-kg) small 

car impacting at 62.4 mph (100.4 km/h) and 20.5 degrees. The barrier successfully contained and 

redirected the small car, even with some wheel snag observed on the posts. The dynamic 

deflection was measured as 12.8 in. (325 mm). 

Finally, test no. GR-6 was performed on a G4(2W) guardrail system that was configured 

with 6-in. x 8-in. x 14-in. (152-mm x 203-mm x 356-mm) long timber blockouts and supported 

6-in. x 8-in. x 6-ft (152-mm x 203-mm x 1.8-m) long timber posts spaced on 6 ft – 3 in. (1,905 

mm) centers [20]. The test was also conducted according to the NCHRP Report No. 230 safety 

performance criteria. The barrier successfully contained and redirected a 1,928-lb (875-kg) small 

car impacting at 61.9 mph (99.6 km/h) and 21.7 degrees. The dynamic deflection was measured 

as 10.4 in. (264 mm). 

In addition, FHWA was consulted to determine if they would agree to the use of dynamic 

bogie testing to demonstrate that a particular round PP post (size and length) can be used in lieu 

of a rectangular or square SYP post and provides similar post-soil behavior. FHWA concurred 

but was also noted that the system performance when the system is subjected to longitudinal 

forces would need to be addressed. The intent of the  pickup truck test is to evaluate the strength 

of the system and further justification for not conducting the small car test. The detailed 

correspondence with FHWA in regards to the demonstration testing is shown in Appendix B. 

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 guardrail to contain and redirect 

impacting vehicles. In addition, controlled lateral deflection of the test article is acceptable. 
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Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. Post-impact 

vehicle trajectory is a measure of the potential of the vehicle to result in a secondary collision 

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

the impacting vehicle and/or other vehicles. These evaluation criteria are summarized in Table 4 

and defined in greater detail in NCHRP Report No. 350. The full-scale vehicle crash test was 

conducted and reported in accordance with the procedures provided in NCHRP Report No. 350. 
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Table 4. NCHRP Report No. 350 Evaluation Criteria for Longitudinal Barrier 

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle; 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 that could cause serious 

injuries should not be permitted. See discussion in Section 5.3 and 

Appendix E of NCHRP Report No. 350. 

F. The vehicle should remain upright during and after collision 

although moderate roll, pitching, and yawing are acceptable. 

H. Occupant impact velocity (see Appendix A, Section A5.3 of 

NCHRP Report No. 350 for calculation procedure) should satisfy the 

following: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 
29.5 ft/s 

(9 m/s) 

39.4 ft/s 

(12 m/s) 

I. Occupant ridedown acceleration (see Appendix A, Section A5.3 of 

NCHRP Report No. 350 for calculation procedure) should satisfy the 

following : 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15 g’s 20 g’s 

Vehicle 

Trajectory 

K. After collision it is preferable that the vehicle’s trajectory not intrude 

into adjacent traffic lanes. 

L. The occupant impact velocity in the longitudinal direction should 

not exceed 39.4 ft/s (12 m/s) and the occupant ride down 

acceleration in the longitudinal direction (see Appendix A, Section 

A5.3 for calculation procedure) should not exceed 20 g’s. 

M. The exit angle from the test article preferably should be less than 60 

percent of test impact angle, measured at the time of vehicle loss of 

contact with test device. 
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4 TEST CONDITIONS 

Test Facility 

The testing facility 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. 

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 [21] was used to steer the test vehicle. A 

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

with the barrier system. The 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. 

Test Vehicles 

For test no. AZRP-1, a 1993 Chevrolet C2500 pickup truck was used as the test vehicle. 

The curb, test inertial, and gross static vehicle weights were 4,629 lb (2,100 kg), 4,412 lb (2,001 

kg), and 4,412 lb (2,001 kg), respectively. The test vehicle is shown in Figures 18 and 19, and 

vehicle dimensions are shown in Figure 20. 
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Figure 18. Test Vehicle, Test No. AZRP-1 
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Figure 19. Test Vehicle Interior, Test No. AZRP-1 
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Figure 20. Vehicle Dimensions, Test No. AZRP-1 
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The longitudinal component of the center of gravity (c.g.) was determined using the 

measured axle weights. The Suspension Method [22] was used to determine the vertical 

component of the c.g. for the pickup truck. This method is based on the principle that the c.g. of 

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

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

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

condition. The location of the final c.g. is shown in Figures 20 and 21. 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 vehicle for reference to be 

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

Figure 21. Round, checkered targets were placed on the center of gravity on the left-side door, 

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

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

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

flash bulb was mounted on the right side of the vehicle’s dash 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 

videos. A remote-controlled brake system was installed in the test vehicle so the vehicle could be 

brought safely to a stop after the test. 



May 17, 2016  

MwRSF Report No. TRP-03-329-15 

 

37 

 
 

Figure 21. Target Geometry, Test No. AZRP-1 
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Data Acquisition Systems 

4.1.1 Accelerometers 

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

the accelerations in the longitudinal, lateral, and vertical directions. All of the accelerometers 

were mounted near the center of gravity 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 [23]. 

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

systems manufactured by DTS of Seal Beach, California. 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 programs and a customized Microsoft 

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

4.1.2 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.  
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4.1.3 Retroreflective Optic Speed Trap 

The retroreflective optic speed trap was used to determine the speed of the bogie 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. 

4.1.4 Digital Photography 

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

JVC digital video cameras were utilized to film test no. AZRP-1. Camera details, camera 

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

are shown in Figure 22. 

The high-speed videos were analyzed using ImageExpress MotionPlus and RedLake 

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

considered in the analysis of the high-speed videos. A Nikon D50 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-5 AOS X-PRI Gigabit 500 Vivitar 135mm fixed -- 

AOS-6 AOS X-PRI Gigabit 500 Cosmicar 50mm fixed -- 

AOS-7 AOS X-PRI Gigabit 500 Fujinon 50mm fixed -- 

AOS-8 AOS S-VIT 1531 500 Sigma 28-70mm DG 50 

AOS-9 AOS TRI-VIT 500 Kowa 12mm fixed -- 

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-2 JVC – GZ-MG27u (Everio) 29.97   

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

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

Figure 22. Camera Locations, Speeds, and Lens Settings, Test No. AZRP-1 
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5 FULL-SCALE CRASH TEST NO. AZRP-1  

Test No. AZRP-1 

The 4,412-lb (2,001-kg) pickup truck impacted a modified Arizona G4(2W) W-beam 

guardrail system that was supported by 8½-in. (216-mm) nominal diameter PP posts at a speed 

of 60.7 mph (97.7 km/h) and at an angle of 24.8 degrees. A summary of the test results and 

sequential photographs are shown in Figure 23. Additional sequential photographs are shown in 

Figures 24 through 27. 

Weather Conditions 

Test no. AZRP-1 was conducted on December 8, 2015 at approximately 12:45 pm. The 

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

14939/LNK) were reported and are shown in Table 5. 

Table 5. Weather Conditions, Test No. AZRP-1 

Temperature 56°F 

Humidity 44% 

Wind Speed 10 mph 

Wind Direction 330° from True North 

Sky Conditions Clear 

Visibility 10.00 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation  0 in. 

Previous 7-Day Precipitation  0 in. 

 

Test Description 

Initial vehicle impact was to occur 185 in. (4,699 mm) upstream from post no. 15, as 

shown in Figure 28, which was selected using the CIP plots found in Section 3.4 of NCHRP 

Report No. 350 to maximize pocketing and the probability of wheel snag. The actual point of 

impact was 182¼ in. (4,629 mm) upstream from post no. 15 or 2¾ in. downstream from the 
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targeted impact point. A sequential description of the impact events is contained in Table 6. The 

vehicle came to rest 121 ft – 3 in. (37.0 m) downstream from the point of impact and 27 ft – 2 in. 

(8.3 m) laterally behind the guardrail system. The vehicle trajectory and final position are shown 

in Figures 23 and 29. 

Table 6. Sequential Description of Impact Events, Test No. AZRP-1 

TIME 

(sec) 
EVENT 

0.000 Vehicle right-front bumper contacted rail between post nos. 12 and 13, and vehicle 

front bumper began to deform. 

0.004 Post no. 13 began to deflect backward. 

0.006 Post no. 12 began to deflect backward, and vehicle right fender began to deform. 

0.008 Vehicle grill began to deform, and post no. 15 began to deflect downstream. 

0.018 Vehicle right headlight deformed, and post no. 12 began to twist downstream. 

0.024 Vehicle hood began to deform, and post no. 14 began to deflect downstream. 

0.028 Post no. 14 began to deflect backward, post no. 15 began to deflect forward, and 

post nos. 9 through 11 began to twist downstream. 

0.032 Post no. 13 began to rotate backward. 

0.036 Vehicle rolled toward barrier, and right-front tire contacted post no. 13. 

0.038 Vehicle right-front tire contacted rail downstream of post no. 13, and vehicle right-

side door began to deform. 

0.058 Post no. 15 began to deflect backward, and post no. 14 began to twist upstream. 

0.060 Post no. 16 began to deflect backward, and post no. 13 began to deflect upstream. 

0.062 Blockout no. 13 split, and post nos. 17 through 20 began to twist upstream. 

0.068 Post no. 16 began to deflect downstream. 

0.070 Top of right-side door began to separate at the roof. 

0.074 Post no. 18 began to deflect backward, post no. 13 began to deflect forward, 

blockout no. 13 disengaged from post no. 13, and vehicle began to yaw away from 

barrier. 

0.086 Vehicle left fender began to deform, post no. 14 began to rotate backward, and 

blockout no. 13 detached from rail. 

0.092 Vehicle right fender contacted blockout no. 14, and post no. 13 contacted rail. 

0.102 Vehicle began to roll away from barrier. 

0.106 Vehicle right headlight disengaged. 

0.116 Post no. 17 began to deflect backward, and vehicle began to pitch downward. 

0.126 Blockout no. 14 split. 

0.136 Vehicle left-side door began to deform. 

0.146 Blockout no. 14 disengaged from post no. 14. 

0.150 Vehicle left-rear tire was airborne, and post no. 16 began to twist upstream. 

0.170 Post no. 15 began to rotate backward, and post no. 12 began to twist upstream. 

0.182 Post no. 14 disengaged from rail. 
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0.190 Vehicle hood and right fender began to override barrier. 

0.202 Post no. 14 split. 

0.228 Vehicle began to roll toward barrier. 

0.236 Post no. 15 disengaged from rail. 

0.258 Blockout no. 15 disengaged from rail. 

0.266 Post no. 17 began to twist downstream, and post nos. 9 and 10 began to twist 

upstream. 

0.272 Vehicle roof began to deform. 

0.286 Post no. 18 began to twist downstream. 

0.300 Vehicle began to roll away from barrier. 

0.314 Vehicle right quarter panel began to override rail. 

0.316 Vehicle right fender contacted blockout no. 16. 

0.326 Post no. 19 began to twist downstream. 

0.342 Vehicle was parallel to system at a speed of 33.3 mph (53.6 km/h). 

0.356 Post no. 12 began to deflect forward. 

0.364 Post no. 11 began to twist upstream. 

0.384 Post no. 16 began to deflect forward. 

0.410 Vehicle right fender contacted blockout no. 17. 

0.518 Vehicle began to roll toward barrier. 

0.624 Vehicle left headlight disengaged. 

0.65 Vehicle began to pitch upward. 

0.652 Vehicle began to roll away from barrier. 

0.718 Vehicle lost contact with system at a speed of 25.5 mph (41.1 km/h) and at angle of 

21.3 degrees. 

0.81 Vehicle began to yaw toward barrier. 

0.926 Vehicle began to pitch downward and roll toward barrier. 

1.678 Vehicle began to pitch upward and roll away from barrier. 

2.492 Vehicle right-front fender and grill contacted rail between post nos. 28 and 29. 

2.502 Post no. 29 began to deflect backward. 

2.56 Vehicle front bumper contacted post no. 29. 

2.584 Vehicle began to pitch upward, and post no. 29 fractured. 

2.886 Vehicle began to pitch downward and roll toward barrier. 

5.542 Vehicle came to rest 121 ft – 3 in. (37.0 m) downstream from impact and 27 ft – 2 

in. (8.3 m) laterally behind guardrail system. 

 

Barrier Damage 

Damage to the barrier was moderate, as shown in Figures 30 through 39. Barrier damage 

consisted of rail deformation, disengagement of the W-beam rail from the posts, fractured wood 

posts, split wood blockouts, and displaced posts in soil. The length of vehicle contact along the 

barrier was approximately 27 ft – 8⅛ in. (8.4 m), which spanned from 32¼ in. (819 mm) 
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upstream from the centerline of post no. 13 through ⅛ in. (3 mm) upstream from the centerline of 

post no. 17.  

Deformation of the W-beam rail occurred between post nos. 12 and 17. Flattening 

occurred on the bottom corrugation of the rail from post no. 13 through post no. 15. Kinking of 

the rail was found around the blockouts of post nos. 13 through 16. A maximum splice movement 

of ¼ in. (6 mm) was recorded at the splices at post nos. 15. The rail released from post no. 14 when 

the post fractured and from post nos. 15 and 16 where the bolt head pulled through the slots in the 

rail. Minor rail separation from the blockout occurred at post nos. 4 through 9, 11, and 17 

through 21.  

Post nos. 13 through 16 rotated backward. In addition, post nos. 14 and 15 fractured, and 

contact marks were found on post nos. 13 and 14 near the groundline. Blockouts at post nos. 12 

and 16 encountered gouging from the rail. Blockouts fractured and were disengaged from post 

nos. 13 through 14. A portion of the blockout at post no. 15 fractured. 

The upstream anchorage was undamaged, except for a ¾-in. (19-mm) soil gap found on the 

upstream side of the foundation tube at post no. 1 and a 1/16-in. (2-mm) soil gap found on the 

downstream side of the foundation tube at post no. 2. Due to the secondary impact of the 

downstream anchorage, contact marks and kinks were found on the rail between post nos. 28 and 

29. Contact marks and gouging were also found on post nos. 28 and 29, and post no. 29 

fractured. 

The maximum lateral permanent rail and post deflections were 15⅞ in. (403 mm) at the 

midspan between post nos. 15 and 16 and 18 in. (457 mm) at post no. 14, respectively, as 

measured in the field. The maximum lateral dynamic rail and post deflections were 28.8 in. (732 

mm) at the midspan between at post nos. 14 and 15 and 21.3 in. (541 mm) at post no. 14, 

respectively, as determined from high-speed digital video analysis. The working width of the 
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system was found to be 41.1 in. (1,044 mm), also determined from high-speed digital video 

analysis. 

Vehicle Damage 

The damage to the vehicle was moderate, as shown in Figures 40 through 44. The 

maximum occupant compartment deformations are listed in Table 7. During vehicle preparation, 

the seat frame for the 2000P vehicle was removed and erroneously not placed back in the truck. 

Previous testing with the 2000P vehicles early in the implementation of NCHRP Report No. 350 

found that the seat frame was critical to developing the proper rigidity of the truck floorpan. 

MwRSF normally has two control points to account for any occupant compartment 

deformations. However, due to floorboard deformation and movement, both control points 

encountered movement. Therefore, two sets of data are reported below. Even though both control 

points encountered minor movement, all deformations were below the previously-recognized 

NCHRP Report No. 350 deformation limits. Complete occupant compartment and vehicle 

deformations and the corresponding locations are provided in Appendix D. 

Table 7. Maximum Occupant Compartment Deformations by Location 

LOCATION 

MAXIMUM DEFORMATION 

in. (mm) 

Set 1 Set 2 

Wheel Well & Toe Pan 1⅝ (41) 5½ (140) 

Floor Pan & Transmission Tunnel 1 (25) 0 (0) 

Side Front Panel (in Front of A-Pillar) 2¼ (57) 2⅛ (54) 

Side Door (Above Seat) 2⅝ (67) ⅝ (16) 

Side Door (Below Seat) 2 (51) 1½ (38) 

Roof 4⅝ (117) 3⅜ (86) 

Windshield 0 (0) 0 (0) 
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The majority of the damage was concentrated on the right-front corner, right side, and 

front of the vehicle where impact had occurred. The right side of the bumper was crushed inward 

and backward. The right-front fender was dented, buckled, kinked, and was peeled backward. 

The right-front steel rim was severely deformed with significant crushing and dents. The right-

front tire was torn and deflated. The grill was fractured around the right-side headlight assembly. 

The right-side and left-side headlights and signal lights were disengaged. The radiator deformed 

inward approximately 2½ in. (64 mm). The right side of the radiator support bent backward 

approximately 7 in. (178 mm). Denting and scraping were observed on the entire right side. The 

right-side door had a 1½-in. (38-mm) deep dent starting at the bottom and extending upward 23 

in. (584 mm). The right-side B-pillar and the right-side of the pickup box had ¼-in. (6-mm) and 

1-in. (25-mm) deep gouging, respectively. The right-side door was ajar approximately 1½ in. (38 

mm), while the left-side door was ajar approximately 1¾ in. (44 mm). The left side of the front 

bumper was bent forward 4 in. (102 mm). The right side of the windshield had an 8 in. (203-mm) 

wide spider web cracking in the lower right corner. Hairline cracking began at the lower middle 

of the windshield and extended 29 in. (737 mm) upward, progressing into the right side of the 

windshield. 

The lower-right control arm was scraped and crushed. The right control arm, front frame 

joints pulled through the frame. The lower-right shock mount bent inward, and the right spring 

pushed out of the lower spring pocket. The right sway bar bent rearward. The lower-right control 

arm mounts, the right sway bar frame mount, and the right idler arm deformed inward. The right 

steering knuckle, wheel bearing fractured, and the tie rod fractured at the knuckle. The drive 

shaft carrier bearing disengaged away from the mount. The rear transmission mount separated, 

and the transmission deformed upward 3½ in. (89 mm) and 1½ in. (38 mm) toward the left side. 

The right frame rail bent inward and forward of the transmission cross member. The frame rail 
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crushed inward 4½ in. (114 mm) at the right-front cab mount. The right frame rail at the lower 

control arm mount deformed inward 4 in. (102 mm) and upward 2¾ in. (70 mm). A 4-in. (102-

mm) long tear was found in the frame rail near the lower-rear control arm mount. The right 

frame horn bent rearward 4½ in. (114 mm) and buckled 12 in. (305 mm) behind the leading 

edge. The right-front cab frame mount deformed inward, and the bushings separated. The left-

rear cab mount bolt fractured, and the cab shifted laterally toward the left side. The right-front 

brake line was torn.  

Occupant Risk 

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

ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown in Table 

8. As stated previously, during vehicle preparation, the seat frame for the 2000P vehicle was 

removed and erroneously not placed back in the truck. Consequently, lateral and vertical 

displacement of the floorpan and specifically the transmission tunnel underneath the vehicle 

transducers was observed in test no. AZRP-1 that adversely affected the acceleration and rate 

transducer data. These floorpan motions did not exceed the limits for occupant compartment 

deformation, but they did alter the transducer results. At approximately 0.150 sec after impact, 

the shift of the floorpan caused localized loading of the acceleration transducer in the 

longitudinal, lateral, and vertical directions as well as shifting of the rate transducer angular rate 

data. The data from the transducers recorded after the floorboard shift is not valid and cannot be 

used to determine occupant risk. The OIVs, which occurred prior to 0.150 sec after impact, were 

valid, but the ORA values were not. 

Due to the floorpan deformation near the mounting plate of the accelerometer units, as 

shown in Figures 42 and 43, a video analysis procedure, similar to that used in the past to 

evaluate full-scale crash tests, was used to in order to address the invalid ORAs. The longitudinal 
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OIV and longitudinal ORA were within the suggested limits provided in NCHRP Report No. 

350. Although not required, the lateral OIV and lateral ORA were within the suggested limits 

provided in NCHRP Report No. 350. The results of the occupant risk analysis, as determined 

from the accelerometer data and video analysis, are summarized in Figure 23. The recorded data 

from the accelerometers and the rate transducers are shown graphically in Appendix E. The 

video analysis procedure and correspondence with FHWA is shown in Appendix F. 

Table 8. Summary of OIV and ORA Values, Test No. AZRP-1 

Evaluation Criteria 

Transducer 
NCHRP 350 

Limits SLICE-1 
SLICE-2 

(Primary) 

Video 

Analysis 

OIV 

ft/s (m/s) 

Longitudinal -19.89 (-6.06) -20.51 (-6.25) -20.01 (-6.10) ≤ 39.4 (12) 

Lateral -18.58 (-5.66) -18.35 (-5.59) -19.03 (-5.80) not required 

ORA 

g’s 

Longitudinal NA 
1
 NA 

1
 -7.01 ≤ 20 

Lateral NA 
1
 NA 

1 
-10.47 not required 

MAX. 

ANGULAR 

DISPL. 

deg. 

Roll NA 
1
 NA 

1
 5.37 not required 

Pitch NA 
1
 NA 

1
 Not available not required 

Yaw NA 
1
 NA 

1
 -45.42 not required 

1
 The longitudinal and lateral ORAs and maximum angular displacements are deemed invalid 

due to the floorpan deformation near the center mounting plate of the accelerometer units. See 

Appendix F for more information. 

 

Discussion 

The analysis of the test results for test no. AZRP-1 showed that a modified Arizona 

G4(2W) W-beam guardrail system that was supported by 8½-in. (216-mm) nominal diameter PP 

posts adequately contained and redirected the 2000P vehicle with controlled lateral 

displacements of the barrier. There were no detached elements or fragments which showed 

potential for penetrating the occupant compartment nor presented undue hazard to other traffic. 

Deformations of, or intrusions into, the occupant compartment that could have caused serious 
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injury did not occur. The test vehicle did not penetrate or ride over the barrier and remained 

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

deemed acceptable, because they did not adversely influence occupant risk safety criteria or 

cause rollover. After impact, the vehicle exited the barrier at an angle of 21.3 degrees, as 

determined by high-speed video analysis, which was slightly higher than the preferable exit 

angle of 14.8 degrees. The longitudinal occupant impact velocity and ridedown acceleration were 

within the required limits. Therefore, test no. AZRP-1 conducted on a modified Arizona G4(2W) 

W-beam guardrail system that was supported by 8½-in. (216-mm) nominal diameter PP posts 

was determined to be acceptable according to the TL-3 NCHRP Report No. 350 safety 

performance criteria for test designation no. 3-11. 
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 Test Agency .........................................................................................................MwRSF 

 Test Number .........................................................................................................AZRP-1 

 Date  ......................................................................................................... 12/8/2015 

 NCHRP Report No. 350 Test Designation No. .......................................................... 3-11 

 Test Article............................. Arizona G4(2W) supported by 8½-in. (216-mm) PP posts 

 Total Length  ............................................................................................. 175 ft (53.3 m) 

 Key Component – Steel W-Beam Rail 

Thickness .................................................................................... 12-gauge (2.66 mm) 
Top Mounting Height ....................................................................... 28 in. (711 mm) 

 Key Component – Wood Post 
Shape .................................................................. 8½ in. (216-mm) nominal diameter 

Length ........................................................................................... 64 in. (1,626 mm) 

Spacing .......................................................................................... 75 in. (1,905 mm) 
Embedment Depth ............................................................................ 35 in. (889 mm) 

Material ................................................................................. Graded Ponderosa Pine 

 Key Component – Routed Wood Blockout 
Size .............................................................. 6 x 9¼ x 14¼ in. (152 x 235 x 362 mm) 

Material ..............................................................................................Ponderosa Pine 

 Soil Type  ..................... AASHTO M147-65(1990) Grade B Coarse Crushed Limestone 

Compaction Method ................................ MwRSF Compaction Methods per MASH 

 Vehicle Make /Model .............................................. 1993 Chevrolet C2500 Pickup Truck 

Curb .............................................................................................. 4,629 lb (2,100 kg) 

Test Inertial................................................................................... 4,412 lb (2,001 kg) 
Gross Static................................................................................... 4,412 lb (2,001 kg) 

 Impact Conditions 
Speed ........................................................................................60.7 mph (97.7 km/h) 

Angle ............................................................................................................ 24.8 deg 

Impact Location ................................... 182¼ in. (4,629 mm) upstream of post no. 15 

 Impact Severity (IS) ........................................................................ 95.4 kip-ft (129.3 kJ) 

 Exit Conditions 

Speed ........................................................................................25.5 mph (41.1 km/h) 

Angle  ........................................................................................................... 21.3 deg 

 Vehicle Stability ............................................................................................. Satisfactory 

 Vehicle Stopping Distance ......................................... 121 ft – 3 in. (37.0 m) downstream 
  ................................................................. 27 ft – 2 in. (8.3 m) laterally behind 

 

 

 
 

 

 

 Vehicle Damage ................................................................................................. Moderate 

VDS  [24]  .................................................................................................... 1-RFQ-5 
CDC  [25] .................................................................................................. 1-RYEW4 

OCDI .................................................................................................... RF010100000 

Maximum Interior Deformation ....................................................... 5½ in. (140 mm) 

 Test Article Damage .......................................................................................... Moderate 

 Maximum Test Article Deflections 
Permanent Set ................................................................................... 18 in. (457 mm) 

Dynamic ......................................................................................... 28.8 in. (732 mm) 

Working Width............................................................................ 41.1 in. (1,044 mm) 

 Transducer Data 

Evaluation Criteria 

Transducer NCHRP 

350        

Limit 
SLICE-1 

SLICE-2 

(Primary) 

Video 

Analysis 

OIV 
ft/s  

(m/s) 

Longitudinal 
-19.89 

(-6.06) 

-20.51 

(-6.25) 

-20.01 

(-6.10) 

≤ 39.4 

(12) 

Lateral 
-18.58 
(-5.66) 

-18.35 
(-5.59) 

-19.03 
(-5.80) 

not 
required 

ORA 
g’s 

Longitudinal NA NA -7.01 ≤ 20 

Lateral NA NA -10.47 
not 

required 

MAX 

ANGULAR 

DISP. 
deg. 

Roll NA NA 5.37 
not 

required 

Pitch NA NA 
Not 

available 

not 

required 

Yaw NA NA -45.42 
not 

required 

 

Figure 23. Summary of Test Results and Sequential Photographs, Test No. AZRP-1 

0.000 sec 0.116 sec 0.266 sec 0.364 sec 0.718 sec 
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0.086 sec 

 
0.228 sec 

 
0.518 sec 

 
0.906 sec 

 
2.546 sec 

 
0.000 sec 

 
0.118 sec 

 
0.314 sec 

 
0.718 sec 

 
1.504 sec 

 
3.360 sec 

 

Figure 24. Additional Sequential Photographs, Test No. AZRP-1 
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0.000 sec 

 
0.116 sec 

 
0.258 sec 

 
0.316 sec 

 
0.410 sec 

 
0.650 sec 

 
0.000 sec 

 
0.060 sec 

 
0.146 sec 

 
0.300 sec 

 
0.518 sec 

 
1.032 sec 

 

Figure 25. Additional Sequential Photographs, Test No. AZRP-1 
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0.000 sec 

 
0.142 sec 

 
0.242 sec 

 
0.508 sec 

 
0.708 sec 

 
1.108 sec 

 
0.000 sec 

 
0.050 sec 

 
0.100 sec 

 
0.133 sec 

 
0.183 sec 

 
0.250 sec 

 

Figure 26. Additional Sequential Photographs, Test No. AZRP-1 
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0.033 sec 

 
0.058 sec 

 
0.083 sec 

 
0.108 sec 

 
0.133 sec 

 
0.000 sec 

 
0.025 sec 

 
0.054 sec 

 
0.079 sec 

 
0.100 sec 

 
0.275 sec 

 

Figure 27. Additional Sequential Photographs, Test No. AZRP-1 
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Figure 28. Impact Location, Test No. AZRP-1 
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Figure 29. Vehicle Final Position and Trajectory Marks, Test No. AZRP-1 
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Figure 30. System Damage, Test No. AZRP-1 
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Figure 31. System Damage, Test No. AZRP-1 
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Figure 32. Rail Damage Between Post Nos. 12 and 17, Test No. AZRP-1 
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Figure 33. Post No. 13 Damage, Test No. AZRP-1 



May 17, 2016  

MwRSF Report No. TRP-03-329-15 

61 

 
 

 
 

 
 

Figure 34. Post No. 14 Damage, Test No. AZRP-1 
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Figure 35. Post No. 15 Damage, Test No. AZRP-1 
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Figure 36. Post No. 16 Damage, Test No. AZRP-1 



May 17, 2016  

MwRSF Report No. TRP-03-329-15 

64 

 
Upstream Anchorage 

 

 
Downstream Anchorage (due to secondary impact) 

 

Figure 37. End Anchorage Damage, Test No. AZRP-1 
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Figure 38. Post Nos. 13 and 14 Damage After Removed from Ground, Test No. AZRP-1 
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Figure 39. Post Nos. 15 and 16 Damage After Removed from Ground, Test No. AZRP-1 
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Figure 40. Vehicle Damage, Test No. AZRP-1 
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Figure 41. Vehicle Damage, Test No. AZRP-1 
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Figure 42. Vehicle Right-Side Floorboard Deformation, Test No. AZRP-1 
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Figure 43. Vehicle Left-Side Floorboard Deformation, Test No. AZRP-1 
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Figure 44. Vehicle Undercarriage Damage, Test No. AZRP-1 
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6 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The objective for this Phase III project was to demonstrate that the previously-identified 

PP post sizes (diameters and lengths) and embedment depths would adequately and safely serve 

as surrogates for 6-in. x 8-in. (152-mm x 203-mm) rectangular SYP posts that are used within 

existing Arizona and U.S. standard G4(2W) W-beam guardrail systems. The specific guardrail 

systems are those that have either met or been grandfathered under the impact safety standards 

published in the NCHRP Report No. 350 [9]. 

One full-scale crash test (i.e., compliance test) was performed to further demonstrate the 

crashworthiness of the 28-in. (711-mm) tall Arizona G4(2W) W-beam guardrail system when 

supported by 8½-in. (216-mm) nominal diameter PP posts with a 35-in. (889-mm) embedment 

depth and a 64-in. (1,626-mm) post length. The demonstration test was conducted according to 

the TL-3 safety criteria published in NCHRP Report No. 350 [9], which consisted of a ¾-ton 

Chevrolet pickup truck (2000P vehicle) impacting at a speed of 60.7 mph (97.7 km/h) and an 

angle of 24.8 degrees. The modified Arizona G4(2W) guardrail system with PP posts adequately 

contained and redirected the pickup truck and met the TL-3 safety performance criteria. During 

the crash test, the maximum dynamic deflection and working width were observed to be 28.8 in. 

(732 mm) and 41.1 in. (1,044 mm), respectively. A summary of the safety performance 

evaluation for test no. AZRP-1 is provided in Table 9. 

Therefore, an 8½-in. (216-mm) diameter PP post with a 35-in. (889-mm) embedment 

depth and a 64-in. (1,626-mm) length was confirmed as a surrogate for use in existing Arizona 

G4(2W) guardrail systems based on dynamic component testing and full-scale vehicle crash 

testing. The modified Arizona G4(2W) guardrail system with the specified Ponderosa Pine post 

is believed to be suitable for use on Federal-aid highways. 
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The successful demonstration test also confirmed the use of an 8⅝-in. (219-mm) nominal 

diameter PP post with a 36-in. (914-mm) embedment depth and a 65-in. (1,651-mm) length as a 

surrogate in existing U.S. standard G4(2W) W-beam guardrail systems. The modified U.S. 

standard G4(2W) guardrail system with the specified PP post is also believed to be suitable for 

use on Federal-aid highways. 

Design details and material specifications were prepared to support the implementation of 

the surrogate PP round posts into modified Arizona and U.S. standard G4(2W) guardrail 

systems, as summarized in Appendix C of Reference [8]. Special attention should be directed 

toward the proper inspection of timber materials and emphasis for timber suppliers to follow the 

published PP round-post dimensions and grading criteria. These measures should ensure that the 

PP posts are fabricated from suitable wood, have adequate strength, provide similar post-soil 

behavior to the rectangular SYP posts studied in References [7-8], and allow for G4(2W) 

guardrail systems to perform in an acceptable manner when using either round PP posts or 

rectangular SYP posts. 

Federal, State, and local highway agencies are strongly encouraged to consider the use of 

surrogate, round PP posts within existing G4(2W) guardrail systems after an FHWA eligibility 

letter has been issued. Installation of the modified G4(2W) guardrail systems using round timber 

posts will: (1) continue to provide motorist safety along our nation’s highways and roadways; (2) 

increase markets for wood products across the U.S. as well as in the State of Arizona; and (3) 

help to reduce the risk of devastating forest fires across the country. 
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Table 9. Summary of Safety Performance Evaluation Results 

Evaluation 

Factors 
Evaluation Criteria 

Test No. 

AZRP-1 

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle; the vehicle should 

not penetrate, underride, or override the installation although controlled 
lateral deflection of the test article is acceptable. 

S 

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 that could cause serious injuries should not be 

permitted. See discussion in Section 5.3 and Appendix E of NCHRP 
Report No. 350. 

S 

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

moderate roll, pitching, and yawing are acceptable. 
S 

H. Occupant impact velocity (see Appendix A, Section A5.3 of NCHRP 

Report No. 350 for calculation procedure) should satisfy the following: 

NA  Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 29.5 ft/s (9 m/s) 
39.4 ft/s (12 

m/s) 

I. Occupant ridedown acceleration (see Appendix A, Section A5.3 of 

NCHRP Report No. 350 for calculation procedure) should satisfy the 
following : 

NA 
 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15 g’s 20 g’s 

Vehicle 

Trajectory 

K. After collision it is preferable that the vehicle’s trajectory not intrude 

into adjacent traffic lanes. 
S 

L. The occupant impact velocity in the longitudinal direction should not 

exceed 39.4 ft/s (12 m/s) and the occupant ride down acceleration in the 

longitudinal direction (see Appendix A, Section A5.3 for calculation 

procedure) should not exceed 20 g’s. 

S 

M. The exit angle from the test article preferably should be less than 60 

percent of test impact angle, measured at the time of vehicle loss of 
contact with test device. 

S 

NCHRP Report No. 350 Test Designation No. 3-11 

PASS/FAIL Pass 

 S – Satisfactory  U – Unsatisfactory  NA - Not Applicable 
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Appendix A. Material Specifications 
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Figure A-1. Round Ponderosa Pine Posts and Routed Blockouts 
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Figure A-2. Round Ponderosa Pine Posts and Routed Blockouts 
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Figure A-3. Steel Foundation Tube (Sheet 1 of 3) 
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Figure A-4. Steel Foundation Tube (Sheet 2 of 3) 
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Figure A-5. Steel Foundation Tube (Sheet 3 of 3) 
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Figure A-6. BCT Timber Post 
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Figure A-7. Upstream End Strut and Yoke Assembly (Sheet 1 of 2) 
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Figure A-8. Upstream End Strut and Yoke Assembly (Sheet 2 of 2) 
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Figure A-9. Downstream End Strut and Yoke Assembly 
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Figure A-10. BCT Cable Anchor Assembly (Sheet 1 of 2) 
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Figure A-11. BCT Cable Anchor Assembly (Sheet 2 of 2) 
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Figure A-12. Anchor Bracket Assembly 
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Figure A-13. Anchor Bearing Plate 
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Figure A-14. BCT Hole Insert 
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Figure A-15. ⅝-in. Diameter x 1½-in. Long Hex Head Bolt  (Sheet 1 of 2) 
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Figure A-16. ⅝-in. Diameter x 1½-in. Long Hex Head Bolt  (Sheet 2 of 2) 
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Figure A-17. ⅝-in. Dia. x 10-in. Long Hex Head Bolt, Downstream Anchorage (Sheet 1 of 2) 
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Figure A-18. ⅝-in. Dia. x 10-in. Long Hex Head Bolt, Downstream Anchorage (Sheet 2 of 2) 
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Figure A-19. ⅝-in. Dia. x 10-in. Long Hex Head Bolt, Upstream Anchorage 
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Figure A-20. ⅝-in. Hex Nut (Sheet 1 of 2) 
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Figure A-21. ⅝-in. Hex Nut (Sheet 2 of 2) 
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Figure A-22. ⅞-in. Dia. x 7½-in. Long Hex Head Bolt 
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Figure A-23. ⅞-in. Dia. Hex Nut 
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Figure A-24. ⅞-in. Dia. Flat Washer 
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Figure A-25. ⅝-in. Dia. x 1½-in. Long Guardrail Bolt (Splice) 
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Figure A-26. ⅝-in. Dia. Nut (Splice) 
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Figure A-27. ⅝-in. Dia. x 10-in. Long Guardrail Bolt and Nut (Sheet 1 of 2) 



May 17, 2016  

MwRSF Report No. TRP-03-329-15 

107 

 
Figure A-28. ⅝-in. Dia. x 10-in. Long Guardrail Bolt and Nut (Sheet 2 of 2) 
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Figure A-29. ⅝-in. Dia. x 18-in. Long Guardrail Bolt and Nut (Sheet 1 of 2) 
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Figure A-30. ⅝-in. Dia. x 18-in. Long Guardrail Bolt and Nut (Sheet 2 of 2) 
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Figure A-31. 25-ft Long W-beam Guardrail (Post Nos. 5-7) 
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Figure A-32. 25-ft Long W-beam Guardrail (Post Nos. 7-11 and 17-19) 
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Figure A-33. 25-ft Long W-beam Guardrail (Post Nos. 1-5, 11-17, and 19-29) 
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Appendix B. FHWA Correspondence Regarding Demonstrated System Performance 
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From: Nick.Artimovich@dot.gov [mailto:Nick.Artimovich@dot.gov]  

Sent: Tuesday, October 04, 2011 8:51 AM 

To: Ronald Faller <rfaller1@unl.edu> 

Cc: john.dewar2@dot.gov; will.longstreet@dot.gov; srosenba@unlserve.unl.edu 

Subject: RE: Ponderosa Pine Posts for Old W-Beam Guardrail Standards! 

 

Ron, 

Thank you. That explanation is just what I would have expected. However, in this era of MASH 

we need to cover all these bases if we are trying to establish equivalency of one system to 

another using Report-350 criteria and bogie tests that only evaluate the post strength in one 

direction. 

Nick 

 
Nicholas Artimovich, II 
Highway Engineer, Office of Safety Technologies 
Federal Highway Administration HSST 
1200 New Jersey Avenue SE, Room E71-322 
Washington, DC 20590 
email: nick.artimovich@dot.gov 
phone: 202-366-1331 
fax:      202-366-3222 
web: http://safety.fhwa.dot.gov  
 
From: Ronald K. Faller [mailto:rfaller1@unl.edu]  

Sent: Monday, October 03, 2011 4:53 PM 
To: Artimovich, Nick (FHWA) 

Cc: Dewar, John (FHWA); Longstreet, Will (FHWA); 'Ronald K. Faller'; 'Scott Rosenbaugh' 

Subject: RE: Ponderosa Pine Posts for Old W-Beam Guardrail Standards! 

 

Nick: 

 

Thanks for your prompt response! 

 

The bogie testing will be performed on posts embedded in soil using an orientation which 

provides a loading perpendicular to the rail axis. As such, the 6x8s will be loaded about their 

strong-axis of bending. A comparable size and length of PP post will targeted to provide similar 

behavior to 6x8 SYP post. 

 

As you noted, it may be worthwhile to consider discussing how 6x8 rectangular SYP posts may 

influence guardrail performance based upon their weak-axis strength. When longitudinal rail is 

pulled from end to end, the load is transmitted through the post to the soil via a bolted 

connection. Typically, we do not see significant effect from weak-axis post capacity on system 

performance when considering common sizes. Occasionally, we observe some side splitting near 

top of posts at bolt location although inconsequential. 

 

Second, the initial soil stiffness and resistance of a 6x8 post in the direction perpendicular to the 

wide face (8” surface) would be greater than the narrower face. However, the actual bending 

capacity of the 6x8 wood post is less about this direction (parallel to rail) due to the reduced 

mailto:nick.artimovich@dot.gov
http://safety.fhwa.dot.gov/
mailto:rfaller1@unl.edu
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section modulus. As such and for a comparable load height, one would expect the 6x8 post to 

fracture more quickly when loaded parallel to rail. 

 

Even though 6x8 posts may provide different behaviors between parallel and perpendicular load 

directions, these differences have not been known to be a big source of problem in existing W-

beam guardrail designs. Further, posts with similar behavior in both directions have also 

demonstrated acceptable performance and been approved for use. For example, both round and 

square SYP posts have performed in acceptable manner in W-beam guardrail and approach 

guardrail transitions. In addition, the RDG shows 8x8 square posts as an acceptable alternative to 

6x8 posts in both 6’ and 5’ 4” lengths for standard guardrail designs. As such, I would expect 

round PP posts to behave similarly to round SYP and square SYP posts G4(2W) W-beam 

guardrail systems when considering the effect of loads imparted parallel to rail axis. 

 

Ron 

 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
  
Midwest Roadside Safety Facility (MwRSF) 
Nebraska Transportation Center 
University of Nebraska-Lincoln 
130 Whittier Research Center 
2200 Vine Street 
Lincoln, Nebraska  68583-0853 
  
(402) 472-6864 (phone) 
(402) 472-2022 (fax) 
rfaller1@unl.edu 
 
From: Nick.Artimovich@dot.gov [mailto:Nick.Artimovich@dot.gov]  
Sent: Monday, October 03, 2011 12:25 PM 

To: rfaller1@unl.edu 

Cc: john.dewar2@dot.gov; will.longstreet@dot.gov 
Subject: RE: Ponderosa Pine Posts for Old W-Beam Guardrail Standards! 

 

Ron, 

 

Thanks for your email. I concur in your proposed testing. 

 

If we look at this as modifying the existing Southern Yellow Pine strong-post w-beam guardrail 

by substituting Ponderosa Pine, we can accept bogie testing as a means for evaluating the current 

square and rectangular SYP posts side-by-side with the round Ponderosa Pine.  Of course, the 

closer the comparison, the easier it will be to expect “equivalency” in the performance of the 

guardrail.  

 

As I understand, the highest forces that the posts are subjected to are lateral – the force of the rail 

pushing them back, perpendicular to traffic. This would be relatively easy to test using a bogie, 

and compare with square vs. round posts of various species. However, there will also be some 

longitudinal forces involved that may not be evaluated in the bogie test. If the rectangular posts 

offer more resistance to that longitudinal load than the proposed round posts, you may see a 

mailto:rfaller1@unl.edu
mailto:Nick.Artimovich@dot.gov
mailto:Nick.Artimovich@dot.gov
mailto:rfaller1@unl.edu
mailto:john.dewar2@dot.gov
mailto:will.longstreet@dot.gov
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difference in performance. Or, the longitudinal loads may be insignificant, but I would like to see 

that issue addressed in your test and evaluation report. 

 

I presume this testing will be conducted under Report 350 guidelines, as that was the criteria that 

the original guardrail was tested. 

 

Nick 

 
Nicholas Artimovich, II 
Highway Engineer, Office of Safety Technologies 
Federal Highway Administration HSST 
1200 New Jersey Avenue SE, Room E71-322 
Washington, DC 20590 
email: nick.artimovich@dot.gov 
phone: 202-366-1331 
fax:      202-366-3222 
web: http://safety.fhwa.dot.gov  
 
From: Ronald K. Faller [mailto:rfaller1@unl.edu]  

Sent: Monday, October 03, 2011 11:16 AM 

To: Artimovich, Nick (FHWA) 
Cc: 'Ronald K. Faller' 

Subject: Ponderosa Pine Posts for Old W-Beam Guardrail Standards! 

 

Nick: 

 

Recently, the Arizona DOT and timber industry within the State of Arizona contacted us 

regarding the use of round Ponderosa Pine (PP) posts as a replacement for rectangular and square 

SYP posts in existing guardrail system in Arizona and across the U.S. 

 

As you already know and several years ago, MwRSF developed a standard for using a round PP 

post in the MGS under NCHRP 350. In the future, the AzDOT will likely be moving toward 

using the MGS. However, there is a desire to also use a round PP post in existing guardrail 

systems in Arizona and across the U.S. 

 

This year, significant forest fires devastated many PP forests in Arizona. As such, the timber 

industry is looking to manufacture round PP posts for both MGS and existing W-beam systems. 

Although some post test data exists, MwRSF personnel believed that the data was insufficient to 

determine the appropriate diameter and embedment depth to replace existing rectangular and 

square SYP posts in current designs in the field. Thus, we have proposed the use of additional 

dynamic bogie testing to demonstrate comparable post-soil behavior to what is currently being 

used in existing guardrails (i.e., different load heights and embedment depths as compared to 

MGS). 

 

Thus, my question to you is whether FHWA would agree to the use of dynamic bogie testing to 

demonstrate that a particular round PP post (size and length) can be used in lieu of a rectangular 

or square SYP post and provides similar post-soil behavior. Please provide your thoughts and 

comments on this matter! Thanks! 

 

mailto:nick.artimovich@dot.gov
http://safety.fhwa.dot.gov/
mailto:rfaller1@unl.edu
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P.S. – I have provided a copy of recent correspondence (attachment) to aid in your evaluation of 

the situation. 

 

Ron 

 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
  
Midwest Roadside Safety Facility (MwRSF) 
Nebraska Transportation Center 
University of Nebraska-Lincoln 
130 Whittier Research Center 
2200 Vine Street 
Lincoln, Nebraska  68583-0853 
  
(402) 472-6864 (phone) 
(402) 472-2022 (fax) 
rfaller1@unl.edu 
 

  

mailto:rfaller1@unl.edu
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Appendix C. Vehicle Center of Gravity Determination 
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Figure C-1. Vehicle Mass Distribution, Test No. AZRP-1 
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Figure C-2. Vehicle Vertical Mass Distribution – Suspension Method, Test No. AZRP-1 
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Appendix D. Vehicle Deformation Records 
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Figure D-1. Floor Pan Deformation Data – Set 1, Test No. AZRP-1 
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Figure D-2. Floor Pan Deformation Data – Set 2, Test No. AZRP-1 
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Figure D-3. Occupant Compartment Deformation Data – Set 1, Test No. AZRP-1 
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Figure D-4. Occupant Compartment Deformation Data – Set 2, Test No. AZRP-1 
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Figure D-5. Occupant Compartment Deformation Index, Test No. AZRP-1 
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Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. AZRP-1 
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Figure E-1. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. AZRP-1 
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Figure E-2. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. AZRP-1 
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Figure E-3. Longitudinal Occupant Displacement (SLICE-1), Test No. AZRP-1 
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Figure E-4. 10-ms Average Lateral Deceleration (SLICE-1), Test No. AZRP-1 
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Figure E-5. Lateral Occupant Impact Velocity (SLICE-1), Test No. AZRP-1 
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Figure E-6. Lateral Occupant Displacement (SLICE-1), Test No. AZRP-1 
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Figure E-7. Vehicle Angular Displacements (SLICE-1), Test No. AZRP-1 
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Figure E-8. 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. AZRP-1 
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Figure E-9. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. AZRP-1 
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Figure E-10. Longitudinal Occupant Displacement (SLICE-2), Test No. AZRP-1 
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Figure E-11. 10-ms Average Lateral Deceleration (SLICE-2), Test No. AZRP-1 
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Figure E-12. Lateral Occupant Impact Velocity (SLICE-2), Test No. AZRP-1 
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Figure E-13. Lateral Occupant Displacement (SLICE-2), Test No. AZRP-1 
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Figure E-14. Vehicle Angular Displacements (SLICE-2), Test No. AZRP-1 
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Figure E-15. Longitudinal and Lateral Deceleration (Video Analysis), Test No. AZRP-1 
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Figure E-16. Longitudinal and Lateral Occupant Impact Velocity (Video Analysis), Test No. AZRP-1 
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Figure E-17. Vehicle Roll Angular Displacements (Video Analysis), Test No. AZRP-1 
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Figure E-18. Vehicle Yaw Angular Displacements (Video Analysis), Test No. AZRP-1 
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Appendix F. Video Analysis Occupant Risk Procedure, Test No. AZRP-1 
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Email Correspondence with FHWA 

 

From: will.longstreet@dot.gov [mailto:will.longstreet@dot.gov]  

Sent: Monday, December 21, 2015 10:47 AM 

To: Robert Bielenberg <rbielenberg2@unl.edu> 

Cc: Karla Lechtenberg <kpolivka@unl.edu>; Ronald Faller <rfaller1@unl.edu>; 

Nick.Artimovich@dot.gov 

Subject: RE: NCHRP 350 Ponderosa Pine W-Beam Guardrail Test! 
 

Hi Bob: 
 
Thanks for your email in reply to subject test. I offer the following in response. 
 
The submitted film analysis can be used for the ORA. However if Safety Admin 
would happen to decide otherwise, then the fact that your initial submission 
was made prior to 12-31-15 is considered timely and any additional information 
(including physical testing) we might request to support subject submission for 
350 eligibility may still be submitted in 2016 for eligibility. Please proceed 
accordingly & thanks. 
 
I’m available via cell phone today if you want to talk, I have it with me in garage. 
I’m working on my daughters car today. It needs an inspection sticker by end of 
month & before she returns back to school in Blacksburg, VA. in January…. 
This is also my Christmas present to her…! 
 
Best, 
 
Will 
 
 

From: Nick.Artimovich@dot.gov [mailto:Nick.Artimovich@dot.gov]  

Sent: Monday, December 21, 2015 10:17 AM 

To: Robert Bielenberg <rbielenberg2@unl.edu> 

Subject: RE: NCHRP 350 Ponderosa Pine W-Beam Guardrail Test! 

 

Bob, 

 

Will is officially handling this one, and he is out today. However, the film analysis showed pretty 

much what I expected. I recommend you prepare our FORM using the accelerometer data for the 

OIV and the film analysis for the ORA. Include your film analysis as another attachment to the 

package.  Longstreet will give you the final directions. 

 

I expect that as long as you have your submission into us by 12-31-15 you are good. If we 

ultimately decide that we want the test re-run, then (as we did when we capped off new testing 

under NCHRP Report 350 on 1-1-2011) we will accept additional information to support your 

request that was received prior to our deadline. 

 

mailto:will.longstreet@dot.gov
mailto:will.longstreet@dot.gov
mailto:rbielenberg2@unl.edu
mailto:kpolivka@unl.edu
mailto:rfaller1@unl.edu
mailto:Nick.Artimovich@dot.gov
mailto:Nick.Artimovich@dot.gov
mailto:Nick.Artimovich@dot.gov
mailto:rbielenberg2@unl.edu


May 17, 2016  

MwRSF Report No. TRP-03-329-15 

162 

Link to 

FORM:  http://safety.fhwa.dot.gov/roadway_dept/policy_guide/road_hardware/acceptprocess/for

m1R.pdf  

 

Nick 

 

 
From: Robert Bielenberg [mailto:rbielenberg2@unl.edu]  

Sent: Monday, December 21, 2015 9:51 AM 
To: Ronald Faller; Artimovich, Nick (FHWA); Longstreet, Will (FHWA) 

Cc: Karla Lechtenberg 
Subject: RE: NCHRP 350 Ponderosa Pine W-Beam Guardrail Test! 

Importance: High 

 

Hello Will and Nick, 

 

Based on the response that Ron received from your office, we have conducted an analysis of the 

overhead, high-speed video from test no. AZRP-1 in order to estimate the occupant risk values. I 

have summarized that analysis in the attached document for your review and comment. I have 

also provided videos at the link below.  

 

https://unl.box.com/s/odqc8ldae66nxz8xpfwlwm9tfm9ay8hb  

 

As Ron noted previously, any quick feedback you can provide regarding this analysis and 

whether or not it is sufficient for your needs would be very helpful. If the analysis does not meet 

your needs, we will need to run a crash test in short order with a holiday shutdown looming.  

 

Thanks for looking at this for us on short notice.  

 
Bob Bielenberg, MSME, EIT 
Research Associate Engineer 
Midwest Roadside Safety Facility 
130 Whittier Building 
2200 Vine St. 
Lincoln NE, 68583-0853 
402-472-9064 
rbielenberg2@unl.edu  

 
 

From: Ronald Faller  

Sent: Thursday, December 17, 2015 3:44 PM 

To: 'Nick Artimovich' <nick.artimovich@dot.gov>; 'Will Longstreet' <will.longstreet@dot.gov> 

Cc: Karla Lechtenberg <kpolivka@unl.edu>; Robert Bielenberg <rbielenberg2@unl.edu>; 

Ronald Faller <rfaller1@unl.edu> 

Subject: NCHRP 350 Ponderosa Pine W-Beam Guardrail Test! 

 

Hello Will and Nick! 

 

http://safety.fhwa.dot.gov/roadway_dept/policy_guide/road_hardware/acceptprocess/form1R.pdf
http://safety.fhwa.dot.gov/roadway_dept/policy_guide/road_hardware/acceptprocess/form1R.pdf
mailto:rbielenberg2@unl.edu
https://unl.box.com/s/odqc8ldae66nxz8xpfwlwm9tfm9ay8hb
mailto:rbielenberg2@unl.edu
mailto:nick.artimovich@dot.gov
mailto:will.longstreet@dot.gov
mailto:kpolivka@unl.edu
mailto:rbielenberg2@unl.edu
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As you may recall, we planned to run a TL-3 NCHRP Report No. 350 pickup truck (2000P) 

crash test into a 28-in. high, strong-post, W-beam guardrail system with 8-in. routed blockouts 

for use on round Ponderosa Pine posts. The barrier system successfully contained and redirected 

the pickup truck. The right-front wheel contacted one of the posts and pushed on the floorpan but 

well within even conservative limits. 

 

After the test, we noticed lateral and vertical shifting of center hump where our onboard data 

recorders were placed. Unfortunately, our 2000P vehicle was prepared with the bench seat 

(structural element) removed, which allowed this shifting of the hump and data recorders. As 

you can image, there was some concern with data accuracy. Well, the lateral ORA from data 

analysis was blown out of the water as a result of vertical and lateral hump shift with some 

rotation too. The accelerometer mounting plate even rolled 6 degrees in 5 ms at the time of the 

high ORA. We have erroneous results from our data recorders. Note that I will sending to you a 

link to view videos, selected photos, and electronic data. We do not believe that excessive lateral 

ORA realistically have been observed in this test based on barrier/post behavior, truck size, 

vehicle path, observed results, moved mounting plate, etc. However, we understand that the 

processed data is all that others would see. 

 

Based on this outcome, I have two basic questions. Have you previously observed similar 

scenarios in submissions where data recorders shifted and provided non-real results for vehicle 

behavior? Second, how did FHWA/other lab(s) deal with this scenario in the past? 

 

As you recall, we planned to submit this packet before December 31, 2015. If you are unable to 

evaluate this outcome based on measured lateral ORA, which we believe is erroneous, then we 

need to move into plan B. Eat the crash test, reconstruct the system, find another old 350 similar 

2000P vehicle, and rerun the test over break. Do you have any suggestions for us as this is a 

rather urgent matter? Thanks! 

 

Ron 

 

Ronald K. Faller, Ph.D., P.E. 

Director and Research Associate Professor 

 

Midwest Roadside Safety Facility (MwRSF) 

Nebraska Transportation Center 

University of Nebraska-Lincoln 

130 Whittier Research Center 

2200 Vine Street 

Lincoln, Nebraska  68583-0853 

 

(402) 472-6864 (phone) 

(402) 472-2022 (fax) 

rfaller1@unl.edu 

 

 

   

mailto:rfaller1@unl.edu
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