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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 technique2000, President Bill Clinton
initiated the creation of the National Fire Plan, which focused on four main gbpisiprove
prevention and suppression; (Bduce hazardous fuek3) restore fireadapte ecosystemsand
(4) promote community assistanc.|

Historically, fuel managemerntas been a commonlysed technique for fire protection.
In the 1960s, th&).S. Department of Agriculture (USDA)Forest Service began neging fuels
by using controlleeéburn techniqueswhich are generally effectivi2]. In order to rerave the
smalldiameter 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 beneiitd the high risk involved with controlled
burn methods, more cesfficient methods were sought to remove the suhalneter forest
thinnings.

Smaltdiameter trees can be used in a variety of ways, inclullinger, structural
roundwood, wood composites, woblder products, compost, mulchnd fuels 3]. By removing
the potential fuel and selling it as variqu®ducts the cost of SDT removal woulibpefullybe
recovered. Therefore, more uses for srdameter treesere recommended falevelopnentin
order to increase the product potenfigl

In response to this need, researchers at the Midwest Roadside Safety Facility (MwWRSF),
in cooperation with the Forest Products Laboratory (FPL) and the USBérest Service,

developed an adaptation of the Midwest Guardrail System (M@&$utilized SDT materials as
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timber posts 3-6]. The study determinedppropriate sizes of Southern Yellow Pine (SYP),
Douglas Fir (DF), and Ponderosa Pine (PP) round posts for use within-the(3&7mm) tall
corrugated WWbheam system.

In recent years, several unexpected forest fires also harmed large forests of Pkhtimber
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 Weam guardrail systems were idéatl 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 theseb&am guardrail systems utilize similar components
to the wood post version of the MGS, differengegail height and embedment depth exist
between the three systems, as showrnTable 1. As a result, there may be different post
performance requirements for eagrstem. Therefore, further research was undertakém a
cdlaborativeeffort between the Arizona Timber Industry, MWRSIRdUSDA-Forest Servicé
FPL, to determine the appropriate dimensions (diameter and length) and embedment depth of
round PP posts farse within these two strofgpst, W-beam guardrail systems.

Phase | 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
bet ween 83%in. (2h3.mmamdd®22 mm). Based on the results of these component tests,
an 8%in. (216mm) diameter PP post with a-3% (883mm) embedment depth was found to
provide strength and solil rotation resistance equivalent to the rectangular SYP post efBbedded
in. (889 mm) F]. Subsequently, this equivalent round PP post was recommended for use as a

surrogate post for use in the Arizona G4(2Wbeam guardrail system, as noted withablel.
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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.

Tablel. Wood Post Options for Vdeam Guardrail Systems

Top Rail Rectangular SP Post Option Round PP Post Option
Guardrail Height e Embed :
System in. Se?[fSn Length ng trr?en Diameter| Length | Embedment
(mm) . in. P in. in. Depth
n. (mm) n. (mm) (mm) in. (mm)
(mm) (mm) '
MGS 31 6x8 72 40 8 69 37
(787) | (152x 203) | (1,829) (1,016) (203) (1,753) (940)
Arizona 28 6x8 64 35 8Y% 64 35
System (711) | (152x 203) | (1,626) (889) (216) (1,626) (889)
U.S. System]  27% 6x8 72 43Y, 8 e 65 36
G4(2W) (705) | (152x 203) | (1,829) (2,099) (219 (1,651 (914

L1 - Determined from Phase | R&D projedf [
1 - Determined from Phase 1l R&D projed]]

Phase Il 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 8% in. andl®/16 in. (216 mm and 221 mm). Based on the results of
t hese ¢ ompon-ean219mmd diamster PRapost Witk a-86 (914mm) embedment
depth was found to provide strength and soil rotation resistance equit@ldre rectangular
SYP post embedded 43% in. (1,099 m#&j]) Bubsequently, this equivalent round PP post was
recommended for use as a surrogate post for use id.t. standard G4(2W) \leam guardrail
system, as noted withifiable 1. Within the Phase Il 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)-béam guardrail systems.

Following the successful completion of the Phase | and Il PP equivalency studies noted

above [-8], MWRSF researchers had sufficient component testing results and information to
3
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request eligibilly from Federal Highway Administration (FHWAggarding the surrogate use of

two PP post sizes within existing Arizona and U.S. standard G4(2\hgakh guardrail systems.

As such, MwWRSF 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 osedidlvehicle

crash test to further demonstrate the viability of round PP postxisting, strongost, Wbeam
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 demonstrati@st was expected fartherconfirm results obtained from dynamic
bogie testing as well as offer confidence to State DOTSs interested in using round PP posts to
repair damaged strorgpst, W-beam guardrail systems configured witln6x &in. (152mm x
203-mm) rectangular SYP posts.

In early April 2015, MwWRSF 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 ereardyinnovative 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 collaborativeeam moved forward with a Phase Il demonstration
project.

ResearchObjectives

The objectivefor this project was to deaonstratethat the previoushdentified PP post

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

surrogates for 8n. x &in. (152mm x 203mm) rectangular SYPosts that are used within
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existing Arizona and U.S. standard G4(2W}b&am guardrail systems. The specific guardrail
systems are those that have either met or been grandfathetedthe impéacsafety standards
published in the National Cooperative Highway Research Program (NCHRP) Report No. 350
[9].

As such, one full scale crash test (i.e., compliatest) was performed to further
demonstrate the crashworthiness of the Arizona G4(2Whedm guardrail system when
supported by an 8in. (216mm) diameter (ground line) PP post with a-i85 (883 mm)
embedment depth and a-84 (1,626mm) post length. Theemonstration test & conducted
according to the Test Level 3 (13) safety criteria published in NCHRP Report No. 39D [

The successful completion of the dematration testlsoconfirmedt he us e-ino(219 an 8e
mm) diameter (ground line) PP post with &iB6(914mm) embedment depth and a-i65
(1,65Xmm) post length within existing U.S. standard G4(2W)p#am guardrail systems.

Research $ope

The researcbbjective was achieved through the completion of several tasks. 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 includdddateentaon and
archive of mill certifications, material specifications, and/or Certificates of Compliance
Subsequently, the Arizona G4(2W)-Béamguardrail systenwas constructed with round PP
posts and an overall system length of #7&3.3 m)from end posto end post. Nexpne TL-3
full-scale vehicle crash testas performed witta ¥ston pickup truck (2000P vehicle) #te
target conditions of 62.1 mpi@0 km/h) and 25 degreessing acritical impact pointand per
test designation no.-B1 published inthe NCHRPReport No. 350Recommended Procedures

for the Safety Performance Evaluation of Highway Featufd® test results were analyzed,
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evaluated, and documented. Finally, conclusions and recommendations were provided regarding
the performance and useroiund PP posts in lieu of rectangular SYP posts in Arizona and U.S.

standard G4(2W) Weam guardrail systems.
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2 DESIGN DETAILS

The test installatiofor the guardrailsystemconsistedf 175 ft (53.3 m) of standard 12
gauge (2.66nm) W-beam supported by round PonderogssgePPP)wood posts. Design details
areshown in Figured through14. Photographs of the test installation are showRigures15
through 17. Material specifications, mill certifications, and certificates ofnéarmity for the
system materials are shownAppendix A

The barrier utilized standard 426-in. (3.81m) long 12gauge (2.66nm) W-beam rails,
as shown in Fjuresl, 3, and10. The Wbeamguardrail was mounted with a topil heightof
28in. (711 mm) throughout the entire systefihe rail splices werkcated at post locationas
shownin Figures3 and 15. All lap-splice connections between the rail sectiwese configured
with the upstream segment in froot the downstream segmetd minimize the potential for
vehicle snagt the splice during the crash test.

The rail was supported bywenty-nine guardrail postspaced at 75 in. (1,905 mm) on
center, as ghwn in Figuresl, 2, 15 and 16. All twentyfive PP posts were placed in a
compacted coarse, crushed limestone matératl met Grading B of AASHTO M14@5, as
found in NCHRP Report No. 350rhe posts were installed usilgw RS F 6 s i nstal]l
procedures which comply with the 2008anual for Assessing Safety Hardwaf®IASH)
specifications 10] Post nos. 3 through 23nsisted of naninal 8% in. (216 mm) diametemat
groundling a 64-in. (1,626mm) length,and useda soil enbbedment depth of 3m. (889 mm).
The actual post dimensions aplysical datare shown inrable2. A 6-in. wide x 8in. deep X
14%%in. long (152mm x 203-mm x 362mm) routedPPwood spacer blockout was used to block
the rail away from the front face of eaeRpost.

The upstream and dovetreamends of theguardrailinstallationwere configured witta

trailing-end anchorage system, as shown in Figbraad17. This guardrail anchage system
7
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was utilized tosimulate the strength of other crashworthy end termifidis.anchorage system
consisted of timber posts, foundatituibes, anchor cables, bearing plates, rail brackets, and
channel struts, which closely resembled the hardware used in the Modified BCT agstemw

part of a crashworthy, downstream trailing end termih&i14]. Post nos. 1, 2, 28, and 29 were
breakaway cable terminal (BCT) timber positat wereinserted into &t (1.8m) long steel

foundation tubes, as shownHkigure?.
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SPECIFICATIONS
The Ponderosa Pine (PP) round post is for use in G4(2W) W-beam guardrail systems and shall be manufactured of material that conforms to the
guidelines shown below.

General:
All posts shall meet the current quality requirements of the American National Standards Institute (ANSI) 05.1, Wood Poles, except as
supplemented herein:

Manufacture:

All posts shall be smooth-shaved by machine. No ringing of the posts, as caused by improperly adjusted peeling machine, is permitted. All outer
and inner bark shall be removed during the shaving process. All knots and knobs shall be trimmed smooth and flush with the surface of the posts.
The use of peeler cores is prohibited.

Groundline:
The groundline, for the purpose of applying these restrictions of ANSI 05.1 that reference the groundline, shall be defined as being located 35~
[889] from the butt end of each post.

Size:

The size of the posts shall be classified based on their diameter at the groundline and their length. The groundline diameter shall be specified by
diameter in 1/8” [3] breaks. The length shall be specified in 1 [25] breaks. Dimension shall apply to fully seasoned posts. When measured
between their extreme ends, the post shall be no shorter than the specified lengths but may be up to 3” [76] longer.

Scars:
Scars are permitted in the middle third as defined in ANSI 05.1, provided that the depth of the trimmed scar is not more than 17 [25].

Shape and Straightness:
All PP timber posts shall be nominally round in cross section. A straight line drawn from the centerline of the top to the center of the butt of any
post shall not deviate from the centerline of the post more than 1 1/4” [32] at any point. Posts shall be free from reverse bends.

Splits, Checks, and Shakes:

Splits or ring shakes are not permitted in the top two thirds of the post. Checks are not permitted in the top two thirds of the post if wider than one
third of the diameter if dry and wider than three eighths of the diameter if not dry. Splits exceeding the diameter in length are not permitted in the
bottom one third of the post. A shake or check is permitted in the bottom one third of the post as long as it is not wider than one half of the butt
diameter. (Note - check size is determined as the average measured penetration over its length.)

SHEET:
G4(2W) Guardrail System [12° *
with Arizona PP Round BATE:
Post 12/23/2015]
P t S f t DRAWN BY:
. . 0Ss’ ecitfications
Midwest Roadside P R
SOfety FGClllty DWG. NAME. [SCALE: 1:512 [REV. BY:
AZ_roundPost_R7 UNITS: Inches %}I_./RKF/

Figurel2. Ponderosa Pine Round Post Specifications, TesARRP-1
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SPECIFICATIONS
Knots:
Knot diameter for Ponderosa Pine posts shall be limited to 3 1/2” [89] or smaller.

Treatment:

Treating - American Wood-Preservers’ Association (AWPA) - Book of Standards (BOS) U1-05. Use category system UCS: user specification
for treated wood; commodity specification B; Posts; Wood for Highway Construction must be met using the methods outlined in AWPA BOS
T1-05 Section 8.2. Each treated post shall have a minimum sapwood depth of 3/4” [19], as determined by examination of the tops and butts of
each post. Material that has been air dried or kiln dried shall be inspected for moisture content in accordance with AWPA standard M2 prior to
treatment. Tests of representative pieces shall be conducted. The lot shall be considered acceptable when the average moisture content does
not exceed 25 percent. Pieces exceeding 29 percent moisture content shall be rejected and removed from the lot.

Decay:
Allowed in knots only.

Holes:
Pin holes 1/16” [1] or less are not restricted.

Slope of Grain:
1 in 10.

Compression Wood:
Not allowed in the outer 17 [25] or if exceeding one quarter of the radius.

Ring Density:
Ring density shall be at least 6 rings-per-inch, as measured over a 3" [76] distance.
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Figurel3. Ponderosa Pine Round Post Specifications, TesARRP-1
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ltem No. QTY. Description Material Spec Hardware Guide

al 25 8 1/2” [216] Dia. x 64" [1626] Long Post Ponderosa Pine PDE21
a2 25 8"x9 1/4"x14 1/4” [152x235x362] Routed Blockout Ponderosa Pine PDB23
b1 4 72" [1829] Foundation Tube ASTM A500 Grade B Galv. PTEOS
b2 4 BCT 46” [1168] Long Timber Post SYP Grade No. 1 or better PDFO1
cl 2 Strut and Yoke Assembly ASTM A36 Steel Galv. PFPO1
c2 2 BCT Cable Anchor Assembly @3/4” [19] 6x19 IWRC IPS Galvanized Wire Rop FCAO1
c3 2 Anchor Bracket Assembly ASTM A36 Steel Galv. FPAO1
c4 2 5"x8"x5/8" [127x203x16] Anchor Bearing Plate ASTM A36 Steel Galv. FPBO1
c5 2 2 3/8” [60] 0.D.x 68” [152] Long BCT Hole Insert P2 Sch. Pipe A36 FMMO2
d1 16 5/8” [16] Dia. x 1 1/2" [38] Long Hex Head Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 Galv. FBX16a
d2 4 5/8" [16] Dia. x 10" [254] Long Hex Head Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 Galv. FBX16a
d3 44 5/8" [16] Dia. Flat Washer Grade 5 -

d4 4 7/8” [22] Dia. x 7 1/2” [191] Long Hex Head Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 Galv. FBX22a
d5 8 7/8” [22] Dia. Flat Washer ASTM F844 Galv. FWC22a
d6 104 5/8" [16] Dia. x 1 1/2" [38] Long Guardrail Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 Galv. FBBO1
d7 5/8" [16] Dia. x 10" [254] Long Guardrail Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 Galv. FBBO3
d8 25 5/8” [16] Dia. x 18" [457] Long Guardrail Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 Galv. FBBO4
e2 13 12’'—6" [3810] W—Beam Standard Guardrail Section 12 gauge [2.7] AASHTO M180 Galv. RWMO2a
e3 2 25" [7620] W—Beam Standard Guardrail End Section 12 gauge [2.7] AASHTO M180 Galv. RMW22a
f1 29%* 16D Double Head Nail — =

*

Note: (1) Order 50 posts for extra to sort through, measure, and investigate.

Additional nail for every blockout using two pieces. Secure the two with nail.

with Arizona PP
Post

, o i | Bl of Matsrial
Midwest Roadside| °" °' Materias
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Figurel5. Test Installation Phographs, Test NAZRP-1
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Figurel6. Test Instdation Post Photographs, Test MZRP-1
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Figurel7. Test Installation End Anchorage Photographs, TesAXM&P-1
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Table2. Ponderosa Pine Round PdstSelected Data

Post Diameter Moisture Content
in. . %
Post Post ( )8in. Rlng P(.)St Post ( )8in.
. : Density | Weight | Length

No. | Designation| Ground| Below (ringsfin)|  (bs) (in.) Ground| Below

Line | Ground ' ' Line Ground
Line 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 \/ 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
TestRequirements
Longitudinalbarriers, such as Weamguardrails mustsatisfy impact safety standariis
order to baleclared eligible for federal reimbursementthy FHWA andfor use orthe National
Highway System (NHS)For new hardwarghese safety standards consist of the guidelines and
procedures published NCHRP Report No. 35{B]. According toTL-3 of NCHRP Report No.
350 longitudinal barrier systems must be subjected to twoshdle vehicle crash testas

summarized imable3.

Table3. NCHRP Report No350TL-3 Crash Test Conditiorfer Longitudinal Barriers

Test 'I_'est . Test \\//Veel?gigcr:? I;nzaéc(;[ LondLons Evaluation
article | D590 vehicle | b ooh Andle. | criterit
(kg) (km/h) g
Longitudinal 310 820C %82%)8 (61%(1)) 20 AD.FHLKM
Barrier 311 2000P (‘2‘:3809) 8%‘(1)) 25 | ADFK,LM

! Evaluation criteria explained ifable4.

Based on the success of prior small car testing on sposig Wbeam guardrail systems,
the 1,808b (820kg) small car crash test was deemed unnecessary for this demonstration
project. Details pertaining to a sampling of prior successful small car tests into -gtoshg
guardrail systems are contained below.

First, test no. GR. was performed on a G4(2W) guardrail system that was configured
with 6-in. x &in. x 14in. (152mm x 203mm x »6-mm) long timber blockouts and supported
6-in. X &in. x 6ft (152mm x 203mm x 1.8m) longtimber posts spaced on 6ift3 in. (1,905

mm) centers and according to the NCHRP Report No. 230 safety performance ctigriehe
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barrier successfully contained and redirected a H/9§902-kg) small car impacting at 60.1
mph (96.7 km/h)and 15.5 degreed§]. The dynamic deflection was measured as 7.7196
mm).

A second study was performed on strgoogt W-beam guardrail systems by Texas
Transportation Institute (TTI) researchers and included twestalle crash testsith small cars
according to the RHRP Report No. 230 criteri&irst, test no. 1141 was performed on a W
beam guardrail system that was configured wiim.7(178mm) diameter round wood posts
without the use of spacer blocks, embedded 38 in., and spacediod 81f{2,540 mm)centers.
The barrier successfully contained and redirected a 4O@P2kg) small car impacting at 61.7
mph (99.3 km/h)and 20.7 degreesyen with significant wheel snag observed on the pdsts [
The dynamic deflection was measured as 16.0(486 mm).Second, test no. 114¥ was
performed on a nuified G4(1S) Wbeam guardrail system that was configured with steel posts
with offset blocks, which were spaced on 8ift4 in. (2,540 mm)centers. The barrier
successfully contained and redirected a 1/86893-kg) small car impacting at 61.5 mgf9.0
km/h) and 20.5 degrees, even with significant wheel snag observed on the stShe
dynamic deflection was measured as 24.06h0 mm).

A third study was prformed on strongost Wbeam guardrail systems positioned near
curbs, curves, and slopes by researchers at ENSCO, Inc. This effort included test +#83862
[18], which was run using NCHRP Report No. 230 criteria to evaluate a G4(1S) guardrail with
steel posts and offset blocks spaced oni &3fin. (1,905 mm)centers and positioned on a 1,192
ft (363 m) radius curve with flat terrain. The barrier successfutiytained and redirected a
1,964Ib (891-kg) small car impacting at 62.2 mgh00.0 km/h)and 20.0 degree&§].

The fourth study was performed on a modified G4(g8ardrail system by MiTech

Incorporated 19]. The guardrail was configured with steel posts and. & &in. (152mm X
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203mm) offset blocks, using a-fi 3-in. (1,905 mm)post spacing. Test no. 99F003 was
performed according to the NCHRP Report No. 350 crit®jiaiging a 2,002b (908-kg) small

car impacting at 62.4 mpt100.4 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(825 mm).

Finally, test no. GF6 was performed on a G4(2W) guardrail system that was configured
with 6-in. X &in. X 14in. (152mm x 203mm x 356mm) long timber blockouts and supported
6-in. X &in. x 6ft (152mm x 203mm x 1.8m) long timber posts spaced on & f8 in. (1,905
mm) centers 20]. The test was also conducted according to the NCHRP Report No. 230 safety
performance criteria. The barrier successfully contaaretiredirected a 1,94B (875-kg) small
car impacting at 61.9 mp99.6 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 testingo demonstrate that a particular round PP post (size and length) can be used in lieu
of a rectangular or square SYP post and provides similarspddbehavior FHWA concurred
but was also noted that the system performance when the system is subjéctegitudinal
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.detailed
correspondence with FHWA in regards to the denratien testing is shown iAppendix B
Evaluation Criteria

Evaluation criteria for fullscale vehicle crash testing are based on three appraisal areas:
(1) structwal adequacy; (2) occupant risk; and (3) vehicle trajectory after colli€ioteria for
structural adequacy are intended to evaluate the ability ofubedrailto contain and redirect

impacting vehiclesIn addition, controlled lateral deflection ofethtest article is acceptable.
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Occupant risk evaluates the degree of hazard to occupants in the impacting Pelsistapact
vehicle trajectory is a measure of the potential of the vehictesltin a secondary collision
with other vehicleandbr fixed objects thereby increasing the risk of injury to the occupaft
the impacting vehicle arar other vehiclesThese evaluation criteria asemmarizedn Table4
and defined in greater detail MCHRP Report No. 350The fullscale vehicle crash test was

conducted and reported in accordance with the procedures provid€HRP Report No. 350
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Table4. NCHRP Report No. 35Bvaluation Criteridor Longitudinal Barrier

Structural
Adequacy

A.

Test article should contain and redirect the vehithe vehicle
should not penetrate, underride, or override the installation alth
controlled lateral deflection of the test artideaicceptable.

Occupant
Risk

Detached elements, fragments or other debris from the test :
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard to other ftr
pedestrians, or personnel inveork zone. Deformations of, ¢
intrusions into, the occupant compartmémit could cause seriol
injuries should notbe permitted. See discussionS$ection 5.3 anc
Appendix E oNCHRP Report No. 350

The vehicle should remain upright during amdter collision
although moderate roll, pitching, and yawing are acceptable

Occupant fnpact velocity (see Appendix A, Section A5.3
NCHRP Report No. 35tbr calculation procedure) should satisfy 1
following:

Occupant Impact Velocity Limits

Component Preferred Maximum

Longitudinal and Lateral 29.5ft/s 39.4ft/s

(9 m/s) (12 m/s)

Occupantridedown a&celeration (see Appendix A, Section A5.3
NCHRP Report No. 35tbr calculation procedure) shlal satisfy the
following :

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15 gog 20 gbéb

Vehicle
Trajectory

After collision it is
into adjacent traffic lanes.

prefer

The occupanimpact velocity in the longitudinal direction shod
not exceed 39.4 ft/s (12 m/s) and the occupant ride ¢
acceleration in the longitudinal direction (see Appendix A, Seq
A5. 3 for calculation procedu

The exit angldrom the test article preferably should be less tha
percent of test impact angle, measured at the time of vehicle I
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 approximatel$ miles (8.0 km) northwest of the University of
Nebraskalincoln.
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 wetelbribat of the test
vehicle. The test vehicle was released from the tow cable before impac¢hevibarrier system.
A digital speedometer on the tow vehicle increbe accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hifizl was used to steer the test vehicle. A
guideflag, attached tdhe leftfront wheel and the guide cable, was sheared off before impact
with the barrier system. Thé-in. (9.5mm) diameter guide cable was tensioned to
approximately3,500 1b(15.6 kN and supported both laterally and vertically evéfp ft (305
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 gilédestruck and knocked each stanchion to
theground.
Test Vehicles

For testno. AZRP-1, a1993 Chevrolet C2500 pickup trugkas used as the test vehicle
Thecurb,test inertial and gross statieehicleweights weret,6291b (2,100kg), 4,412Ib (2,001
kg), and4,4121b (2,001kg), respectivelyThe test vehicle is shown fgures18 and 19, and

vehicle dimensions are shownkigure20.
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o7

Figurel8. Test Vehicle, Test NAZRP-1
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Figurel9. Test Vehicle Interior, @st No.AZRP-1
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Note any damage prior to test:

Date: 12/8/2015 Test Number: AZRP-1 Model: C2500
Make: Chevrolet Vehicle L.D.#: 1GCGC24K6PE210581
Tire Size: 225/75R16 Year: 1993 Odometer: 371162
Tire Inflation Pressure: 50
*(All Measurements Refer to Impacting Side)
‘ —  E—— l Vehicle Geometry -- in. (mm)
+ Wheel heel & a_ 7414 (1886) b_721/8 (1832)
Track Track
c 21712  (5525) d 5134 (1314)
[I— o e 132 (3353) f 3334 (857)
Test Trerdil i g 2612 (672 h 57 (1448)
g Sa— i 181/8  (460) j 263/4  (679)
(f \{D r |=t=——wHEEL DIA k 305/8 (778) 1 231/8 (587)
—{}—rp
K — \ m 623/4 (1594) n 6412 (1638)
o e}l‘ o 411/4  (1048) p 334 (95)
& T T ©
; : O . CD/ ] q 2838  (721) r 1712 (445)
T s 1778  (454) t 721/4  (1835)
o Wheel Center Height Front 13 3/4 (349)
d . F— Wheel Center Height Rear 14 (356)
vwreur ) VFronv Wheel Well Clearance (F) 361/8  (918)
Mass Distribution 1b. (kg) Wheel Well Clearance (R) 3712 (953)
Gross Static LF 1298 (589) RF 1209 (548) Frame Height (F) 141/8  (359)
LR 979 (444) RR 926 (420) Frame Height (R) 263/8  (670)
Engine Type Gasoline
Weights
Ib. (kg) Curb Test Inertial Gross Static Engine Size 5.7L V8
W-front 2607  (1183) 2507 (1137) 2507 (1137) Tra Type:  Automatic
W-rear 2022 (917) 1905  (864) 1905 (864) Drive Type: RWD
W-total 4629  (2100) 4412 (2001) 4412 (2001)
GVWR Ratings Dummy Data
Front 3800 1bs Type: NA
Rear 6000 Ibs Mass: NA
Total 8600 Ibs Seat Position: NA

Rusty cab corners and rocker panels.

Figure20. Vehicle Dimensions, TestdiNAZRP-1

35




May 17, 2016
MWwRSF Report NoTRP-03-329-15

The longitudinal component of theenter of gravity ¢.g) was determined using the
measured axle weightSThe Suspension MethofP2] was used to determine the vertical
component of the c.g. for the pickup trudkis method is based on the principle that the c.g. of
any freely suspended body is in the vertical plane through the point of suspdimgeehicle
was suspended successively in three positions, and the respective planes containing the c.g. were
establishedThe intersection of these planes pinpointedfithe c.g.locationfor the test inertial
condition The location 6the finalc.g.is shown in Figures20 and21. Datausedto calculate the
location ofthe c.g. and ballast informati@meshown inAppendix B

Squareblack and whitecheckered targets were placed on the velialeeference to be
viewed from the higispeed digital video cameras aadl in thevideo analysis, as shown in
Figure21. Round, checkered targets were placed on the center of gravity on thigldeftoor,
the rightside door, and the roof of the vehicle

The front wheels of the testhicle were alignedb vehicle standardexcept theoe-in
valuewas adjusted taeroso that the vehicles would track properly along the guide cabi®
flash bulb vasmounted on theight sideof the vehiclé s  @ral svéis 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 iropatie highspeed
videos A remotecontrolledbrake system was installed in the test vehicle so the vehicle could be

brought safely to a stop after the test.
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TEST #: AZRP-1
TARGET GEOMETRY-- in. (mm)
A 671/4 (1708) F 843/4 (2153) K 2612 (673)
B 77/8 (200) G 34 (864) L 4112 (1054)
c 97112 (2477) H 57 (1448) M 64172 (1638)
D 48 (1219) 1 747/8 (1902)
E 843/4 (2153) J 40 (1016)

Figure2l. Target Geometry, Test NAZRP-1
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Data Acquisition Systems

4.1.1Accelerometers

Two environmentalkhock and vibration sensor/recorder systemere used to measure
the accelerations in the longitudinal,dedl, and vertical dections.All of the accelerometers
were mounted near the center of gravity of the test vehi€les.electronic accelerometer data
obtained in dynamic testing was filtered using the SAE Class 60 and the SAE Class 180
Butterworth filter conforming to theAE J211/1 specification®8].

The two systems, the SLICE and SLICE2 units, were modular data acquisition
systems manufactured by DTS of Seal Beach, Califofina.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 -afofadile
flash memory, a sampl@rgtef 100000 HX, BrGd,659 Bls(CFC 1000) anti
aliasing fiterr The ASLI CEWareodo computer software prog
Excel worksheet were used to analyze and plot the accelerometer data.

4.1.2Rate Transducers

Two identicalangle rate sensor systemmounted inside the bodies of the SLKIZEand
SLICE-2 event data recorders wereedd€o measure the rates of rotation of the test vehicle. Each
SLICE MICRO Triax ARShadarange of 1,500 degrees/sec in each of theetiirections (roll,
pitch, and yaw)andrecorded data at 10,000 Hz to the onboard microprocesEoe raw data
measurements were then downloaded, converted to the proper Euler angles for analysis, and
pl otted. The ASLI CEWar e 0 dcaocogomized Micrasaftf Bxoglar e  p

worksheet were used to analyze and plot the angular rate sensor data.
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4.1.3Retroreflective Optic Speed Trap

The retroreflective optic speed trap was used to determine the speed of the bogie vehicle
before inpact. Five retroreflective targetsspaced aapproximately 18n. (457mm) intervals
were applied to the side of the vehicWhen the emitted beam of light wasflected by the
targets andeturned to the Emitter/Receiver, a signal was sent to theadgtasition computer
recording at 10,000 Has well aghe external LED boxactivating the LED flashe§he speed
was then calculated using the spacing betweenetinereflective targetand the time between
the signalsLED lights and higkspeed digitavideo analysis are only used as a backup in the
event that vehicle speeds cannot be determined from the electronic data.

4.1.4Digital Photography

Five AOS high-speedligital video camerasight GoPro digital video cameras, atidee
JVC digital video camerasvere utilized to film test no.AZRP-1. Camera detailscamera
operating speedtens information, and schematic of the camera locatioeative to the system
areshown inFigure22.

The high-speedvideos were analyzed using Im&ggress MotionPlusand RedLake
MotionScopesoftware programs Actual camera speed and camera divergence factors were
considered in the analysis of the higjreed videosA Nikon D50 digitalstill camera waslso

used to document prand postest conditions for all tests.
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Figure22. Camerd.ocations, Speedand LensSettings Test NOAZRP-1
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5 FULL -SCALE CRASH TEST NO. AZRP-1

TestNo. AZRP-1

The 4,412Ib (2,002kg) pickup truck impactech modified Arizona G4(2W) Wbeam
guardrail systenthat wassupported by 84%n. (216mm) nominaldiameter PP postt a speed
of 60.7 mph (97.7 km/h) and at an angle (4.8 degreesA summary of the test results and
sequential photographs are showrFigure23. Additional sequential photogpas are shown in
Figures24through27.
Weather Conditions

Testno. AZRP-1 was conducted obecember 8, 2018t approximatelyl2.45 pm. The
weather conditios as per the National Oceanic and Atmosphekiministration (station

14939/LNK)were reportednd areshown inTable5.

Table5. Weather Conditions, Test NAZRP-1

Temperature 56°F

Humidity 44%

Wind Speed 10mph

Wind Direction 330 from True North
Sky Conditions Clear

Visibility 10.00Statue Miles
Pavement Surface Dry

Previous 3Day Precipitation | Oin.

Previous 7Day Precipitation | Oin.

Test Description

Initial vehicle impact was to occu85 in. (4,699 mm) upstreamrbm post no.15, as
shown inFigure 28, which was selected usingettCIP plots found in Section 3¢f NCHRP
Report No. 3500 maximize pocketing and the probability of wheel snétge actual point of

impact wasl82¥%in. (4,629 mm) upstreanfrom post no.15 or 2% in. downstream from the
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targeted impact poinfA sequential description of the impact eveastsontainedn Table6. The

vehiclecame to rest21 fti 3 in. (37.0 m) downstream frothe point ofimpact and 27 ft 2 in.

(8.3 m) laterally behind the guardrail systérhe vehicle trajectory and final positi@ne shown

in Figures23and29.

Table6. Sequential Description of Impact Evenigest NOAZRP-1

TIME

(seq EVENT

0.000 | Vehicle rightfront bumper contacted rail betweeasb ns. 12 and 13and vehicle
front bumper began to deform.

0.004 | Post no. 13 began to deflect backward

0.006 | Post no. 12 began to deflect backwamal] \ehicle right fender began teform

0.008 | Vehicle grill began to deformrand st no. 15 began to deflect downstream

0.018 | Vehicle right headlight defored and st no. 12 began to twist downstream

0.024 | Vehicle hood began to deformndpost no. 14 began to deflect downstream

0.028 | Post no. 14 began to deflect backwauakt no. 15 began to deflect forwaeshd
post ne. 9through 11lbegan to twist downstream

0.032 | Post no. 13 began to rotate backward

0.036 | Venhiclerolled toward barrier, andght-front tire contacted gst no. 13

0.038 | Vehicle rightfront tire contacted rail downstreampmdst no. 13and vehicle right
side door began to deform.

0.058 | Post no. 15 began to deflect backwamd st no. 14 began to twist upstream

0.060 Post no. 16 began to deflect backwama st no. 13 began to deflect upstream

0.062 | Blockout no. 13 splitandpost nos. 17 through 20 began to twist upstream

0.068 | Post no. 16 began to deflect downstream

0.0 Top ofright-sidedoor began to separaéthe roof.

0.074 | Post no. 18 began to deflect backwanakt no. 13 began to deflect forward,
blockout no. 13 sengagedrom post no. 13and velcle began to yaw away from
barrier.

0.086 | Vehicle left fender began to deforpgst no. 14 began to rotate backwaadd
blockout no. 13 detached from rail

0.092 | Vehicle right fender contacteddekout no. 14and st no. 13 contactawil.

0.102 | Vehicle began to roll away from barrier

0.106 | Vehicle right headlight disengaged

0.116 | Post no. 17 began to deflect backwanddvehicle began to pitch downward

0.126 | Blockout no. 14 split

0.136 | Vehicle leftsidedoor began to deform

0.146 | Blockout no. 14 disengaged frorgi no. 14

0.1%0 Vehicle leftrear tire was airborn@andpost no. 16 began to twist upstream

0.170 Post no. 15 began to rotate backwand st no. 12 began to twist upstream

0.182 | Post no. 14disengaged from rail.
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0.190 Vehicle hood and right fender beg@noverridebarrier.

0.202 | Post no. 14 split

0.228 | Vehicle began to roll toward barrier

0.236 | Postno. 15disengaged from rail.

0.258 | Blockout no. 15 disengaged fromilt

0.266 | Post no. 17 began to twist downstreamdpost n®. 9 and 10began to twist
upstream

0.272 | Vehicle roof began tdeform

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 contactdsiockout no. 16

0.326 | Post no. 19 began to twidbwnstream

0.342 | Vehicle was paralldio systemat 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 fendecontacted lmckout 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 | Vehiclelost contact wittsystemat a speed 025.5 mph (41.1 km/h) and at angle
21.3 degrees.

0.81 Vehicle began to yaw toward barrier

0.9% Vehicle began to pitch downwaegshd roll toward barrier.

1.678 | Vehicle began to pitch upwasthd roll away from barrier.

2.492 | Vehicleright-front fenderand grill contacted rail between$t nes. 28 and 29

2.502 | Post no. 29 began to deflect backward

2.56 Vehicle front bumper contactedt no. 29

2.584 | Vehicle began to pitch upwardnd st no. 29ractured.

2.886 | Vehicle began to pitch downwaehd roll toward barrier.

5.542 | Vehicle came to rest 1211ift3 in. (37.0 m) downstream from impact and 2i7 2t
in. (8.3 m) laterally behinduardrail system.

Barrier Damage

Damage to the barrier wasoderateas shown in Figure30 through39. Barrierdamage
consisted ofail deformation, disengagement of the-gam rail from the posts, fractarevood
posts split wood blockouts, and displaced posts in. Sdike length of vehicle contact along the

barrier wasapproximately27 ft i 8 a i n m), wh8h spanned fron82% in. (819 nm)
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upstream from the centere of post no. 13hrougha i(3mm) upstream from the centare of
post no. 17

Deformation of the Wbeam rail occurred between post nos. 12 and 17. Flattening
occurred on the bottom corrugation of the rail frpostno. 13 through post no. 15. Kinking of
the rail was found around the blockouts of post n8ghdough 5. A maximum splice movement
of ¥2in. (6 mm) was recorded dtgsplices at post nos. 19 he rail releasettom post no. 14 whe
the post fractured anidom post nos. 8 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 amdipost nos. 14 and 15 fractured, and
contact marks were found on post nosah8 l14near the groundline. Blockouts at post nos. 12
and 16 encounted gouging from the railBlockouts fractured and were disengaged from post
nos. 13 through 14A portionof the blakout at post no. 15 fractured.

The upstream anchorage was undamaged, except fana(¥®mm) soil gap found on the
upstream side of the foundation tube at post no. 1 ahg-m. (2-mm) soil gap found on the
downstream side of the foundati tube at post no. 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 viee® i n . (403 mm)
midspan between post nos. 15 and 16 and 18 in. (457 mm) at post no. 14, respedively
measured in the field’he maximum lateral dynamrail and postleflectiors were 8.8in. (732
mm) atthe midspan betweet post n@. 14 and 15and 2.3 in. (541 mm) at post no. /14

respectively,as determinedrom high-speeddigital video analysisThe working width of the
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system wadound to be4l.1in. (1,044 mm), also determined frorhigh-speed digital video
analysis
Vehicle Damage

The damage to the vehicleas moderateas shownin Figures40 through 44. The
maximumoccupant compartment deformatica® listed inTable7. 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 implementatiblCHRP 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 amalement, both control points
encountered movement. Therefore, two sets of data are reported below. Even though both control
points encountered minor movemeat, deformdions were below the previoustgcognized
NCHRP Report No. 35@eformation limits.Complete occupant compartment and vehicle

deformations and the corresponding locations are providégpendix D

Table7. Maximum OccupanCompartment Deformations by Location

MAXIMUM DEFORMATION
LOCATION in. (mm)
Setl Set 2
Wheel Well & Toe Pan 1 ed1) 5Y% (140)
Floor Pan & Transmission Tunnel 1 (25 0(0)
Side Front Panel (in Front of-Rillar) 2Y4 B67) 2a (54)
Side Door (Above Seat) 2 e 67 e (16)
Side Door (Below Seat) 2 (51) 1Y (38)
Roof 4e (117) 3E (86)
Windshield 0(0) 0(0)
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The majority of the damage was concentrated on the-fright corner right side and
front of the vehicle where impabtadoccurred.The right side of the bumper was crushed inward
and baclkvard The rightfront fenderwas dentedbuckled,kinked and was peeled backward
The rightfront steel rim was severely deformed with significant cruslaing dentsThe right
front tire was torn and diated The grill was fractured around the riggitle headlight assembly.
The rightsideand leftsideheadlighs and signal lightsveredisengagedThe radiator deformed
inward approximately 2% in. (64 mmJhe right side of the radiat@upportbent backward
approximately 7 in. (178 mmpenting and scraping were observed on the entire right Biae.
right-side door had a%zin. (38 mm) deep dent starting at the bottom and extending upward 23
in. (584 mm).The rightside Bpillar and theright-side of the pickup box had-th. (6mm) and
1-in. (25mm) deep gouging, respectivelyhe rightsidedoor wasajarapproximately 1% in. (38
mm), while the leftside door was ajar approximately 1% in. (44 mihje left side of the front
bumper wadent forward 4in. (102mm). The right side of the windshield had & in. (203mm)
wide spider web cracking in the lower right corneairtihe crackng began at the lower middle
of the windshield and extended 29 in. (737 mm) upwardgressing into the ght side of the
windshield.

Thelower-right control arm was scrapeshd crushedThe right control armfront frame
joints pulled through the fram&he lower-right shock mount bent inward, and the right spring
pushed out of the lower spring pockehe right sway bar bent rearward. Tlosver-right control
arm mounts, the right sway bar frame mquamtd the right idler arrdeformedinward. The right
steering knucklewheel bearing fracturedand the tie rod fractured at the knuckle. The drive
shaft carrier bearing disengagadayfrom the mount. The rear transmission mount separated
and the transmission deformed upward 3% in. (89 mm) and 1% in. (38 mm) toward the left side.

The right frame ail bent inward and forward of the transmission cross member. The frame ralil
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crushed inward 4% in. (114 mm) at the riffleint cab mountThe right frame rail at the lower
control arm mounteformedinward 4 in. (102 mm) and upward 2% (@0 mm). A 4in. (102
mm) long tear was found in the frame rail near the lesgar control arm mount. The right
frame horn bent rearward 4% in. (114 mm) and buckled 12 in. (305 mm) behind the leading
edge.The rightfront cab frame mount deformed inwaahd the bushingseparated. The left
rear cab mount bolt fractured, and the cab shifted laterally toward the left side. ThHeonght
brake line was torn.
Occupant Risk

The calculatedoccupant impact velocities (OIVs) andaximum 0.016sec occupant
ridedownacceleratiors (ORAS) in both the longitudinal ankhteraldirections are shown ihable
8. As stated previously, during vehicle preparation, the seat frame for the 2000P vedscle w
removed and erroneously not placed back in the truck. Consequently, lateral and vertical
displacement of the floorpan and specifically the transmission tunnel underneatéhibie
transducers was observed in test no. AZIRfat adversely affected tleeceleration and rate
transducer data. These floorpan motions did not exceed the limits for occupant compartment
deformation, but they did alter the transducer results. At approxim@aisQ sec after impact,
the shift of the floorpan caused localizedading 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 dermine occupant risk. The OIVs, which occurred pridd.ikb0 sec after impacivere
valid, but the ORA values were not.

Due tothe floorpandeformation near the mountingate of the accelerometer unjtas
shown inFigures 42 and 43, a video analysis procade similar to that usednithe past to

evaluate fullscale crash testgjasused tan order to address the invalid ORA$e longitudinal
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OIV and longitudinal ORA weravithin the suggested limits provided NCHRP Report No.
350. Although not requiredhe lateral OIV and lateral ORA were within the suggested limits
providedin NCHRP Report No. 350The results of theccupant riskanalysis as determined
from the accelerometer dagad video analysjsare summarized iRigure23. The recorded data
from the accelerometers and the rate transdumex shown graphically i\ppendix E The

video analysis procedure and correspondence with FHWA is shofppendix F

Table8. Summary of OIVandORA Values,Test No.AZRP-1

Transducer

Evaluation Criteria ' NCHRP 350

SLICE-1 SLICE-2 Video Limits

(Primary) Analysis
oIV Longitudinal | -19.89 ¢(6.06) | -20.51 (6.25) | -20.01 (6.10) 039.4(12)

f/s (m/s) Lateral -18.58 ¢5.66) | -18.35¢5.59) | -19.03 (5.80) | not required
ORA Longitudinal NA* NA* -7.01 O 20
gos Lateral NA ! NA* -10.47 not required
MAX. Roll NA* NA * 5.37 not required

ANGULAR . 1 1 . .
DISPL. Pitch NA NA Not available not required
deg. Yaw NA ! NA * -45.42 not required

! The longitudinal and lateral OR#and maximum angular displacemeatsdeemednvalid
due tothe floorpandeformation near theentermountingplate of the accelerometer uni&ee
Appendix Ffor more information
Discussion

The analysis of the test results for test AZRP-1 showed thata modified Arizona
G4(2W) W-beam guardrail systethat wassupported by 8%n. (216mm) nominaldiameter PP
posts adequately contained and redirectéde 2000P vehicle with controlled lateral
displacements of the barriefhere were no detached elementsfragments which showed
potential for penetrating the occupant compartment nor presented undue hazard to other traffic

Deformatiors of, or intrusiors into, the occupant compartmethiat coutl have causederious
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injury did not occur The test vehicle did not penetrate ride over the barrier and remained
upright during and after the collisioWehicle roll, pitch, and yaw angular displacements were
deemed acceptablbéecause they did not aelsely influence occupant risk safety criteria or
cause rollover After impact, the vehicle exited the barrier at an angl€hB degrees, as
determined by higispeed video analysis, which was slightly higher than the preferable exit
angle of 14.8 degreeghe longitudinal occupant impact velocity and ridedown acceleration were
within the required limitsTherefore, tesho. AZRP-1 conducted om modifiedArizona G4(2W
W-beam guardrail systeithat wassupported by 8%n. (216mm) nominal diameter PP posts
was determined to be acceptable accordingh® TL-3 NCHRP Report No. 35Gafety

performance criteria for test designation 8d.1.
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TESE AQENCY....iiiiiiiiee et MwRSF
TSt NUMDEL ...t e AZRP-1
DAE oo 12/8/2015
NCHRP Report No. 350est DesignatiomtNO. ...........cccerueiarieeiieeniieeeniieesieeeenes 311
Test Article........cocovevinenne. Arizona G4(2W) supported by 8tr. (216mm) PP posts

Total LENGLN. ...t 1751t (53.3m)
Key Component Steel WBeamRail

TRICKNESS.....eiiiiiciet e 12-gauge (2.66 mm)

Top Mounting Height..........ocoviiiiiiien e 28in. (711 mm)
Key Component Wood Post

Shape......eviiiiiicr e 8Y2in. (216mm) nominal diameter

LeNGh. .o 64 in. (1,626 mm)

Spacing.........coeeeeee .Z51n. (1,905 mm)

Embedment Depth.........cccooiiiiiiiiiiee e 35in.(889 mm)
MALETIAL ...t GradedPonderosa Pine
Key Component Routed Wood Blockout
SIZE it 6.X 94 x 14Y%4 in. (152 x 235 x 362 mm)
MALETTAL ...t Ponderosa Pine
Soil Type ..coocvveeeens AASHTO M147-65(1990) Grade BoarseCrushedLimestone
Compaction Method..............cccceeennn MwRSF Compaction Methods pstASH
VehicleMake Model............cccoooiiiiiiiiienninen. 1993 Chevrolet C2500i¢kup Truck
CUMDL e 4,629Ib (2,100kg)
TeSt INErtial.......ccoiiiiiiiiiie e 4,412lb (2,001kg)
GrOSS SEALIC....eeieiiieiiie ettt ettt emee e 4,412lb (2,001kg)

Impact Conditions

Impact Location.............cccceeveeenen. 182%4in. (4,629 mm) upstreamof post no. 15
IMpact SEVETtY (IS)....cccuviiriiiiiiee it 95.4kip-ft (129.3kJ)
Exit Conditions

SPEEM. ..ttt 25.5 mph (41.1 km/h)

ANGIE e 21.3 deg
Vehicle Stability. Satisfactory
Vehicle Stopping Distance..........c.ccccovvvviiiieeensnn! 121 fti 3 in. (37.0 m) downstream

........................................................... 27 fti 2 in. (8.3 m) laterally behind

Vehicle Damage.
VDS [24]
CDC [25....
Maximum Interior Deformation....

Test Aricle Damage

0.364sec 0.718 sec
28” 29"
[712] [737]
64"
[1626]
...................................................................................... Moderate

MaximumTest ArticleDeflections

Permanent Set.

....RF010100000
5%in. (140mm)
Moderate

18 in. (457 mm)

Dynamic. 28.8in. (732 mm)
WoOrking Width.........ccooeiiiiiiii e 41.1in. (1,044 mm)
Transducer Data
Transducer NCHRP
Evaluation Criteria SLICE-2 Video 350
SLICEL (Primary) | Analysis Limit
- -19.89 -20.51 -20.01 O 39.
oV Longitudinal | ¢ 1) (-6.25) (-6.10) (12)
-18.58 -18.35 -19.03 not
(m/s) Lateral (-5.66) (-5.59) (5.80) | required
ORA Longitudinal NA NA -7.01 Onot 20
gos Lateral NA NA -10.47 .
required
not
MAX Roll NA NA 5.37 required
ANGULAR . Not not
DISP. Pitch NA NA available required
deg. Yaw NA NA -45.42 not
required

Figure23. Summary of Test Results and Sequential PhotographsNdeaZRP-1
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Figure24. Additional Sequential Photographs, Thst AZRP-1
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