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FOREWORD

This report presents the results of a pooled-fund study to assess existing roadside hardware
to the specifications of NCHRP Repord 350, Under this study three terminals, flive
transitions, and four longitodinal barriers were tested and evaloated.

Two buried-in-backslope terminals were evaluated: the G4 on steel posts and wood
blockouts with a rub rail and a 6 to 1 vee ditch, and the G4 with steel posts and wood
blockouts with a 4 to 1 slope. Both met specifications for NCHRP Report 350 test 3-35. The
J-strand New York cable terminal was evaluated and met requirements for NCHRP Report

J5i test 3-34.

The transitions evaluated under this contract included the vertical wall transition {W-beam
with W-beam rub rail and steel posts), the vertical Nared back transition (W-beam with
channel rub rail, steel posts, and routed wood blockouts), the Pennsylvania Depariment of
Transportation transition {vertical Nared back conerete parapet with W-heam, rub rail,
steel posts, and routed wood blockonis), the Mebraska thric beam transition {vertical wall
parapet with thrie beam), and the Connecticut W-beam transition (NJ-shape wall with W-
beam and channel rub rail). All the transitions met the required eriteria for NCHRP Report
50 test 3-21, except for the vertical Mared back transition.

The MB1 median cable barrier (the Washington State Department of Transportation
{WSDOT) eable barrier) with a New York cable rail terminal, thrie heam guardrail with
steel posts and routed wood blockouts, and the strong wood post thrie beam guardrail were
also evaluated. The cable barrier and both thrie heam guardrails met the reguired
specifications for NCHRP Report 3530 tese 3-11. The modified thrie beam guardrail with 2.1-
m-long W150x14 steel posts and W360x33 blockouts (Design No. SGROE) was evaluated
and met specifications for NCHRP Reporr 350 fese 4-12,

Construction details for all the terminals, transitions, and longitudinal barriers evaluated
are reporied herein for documentation and to facilitate implementation.

Wik F F i Arado—

Michael F. T'rentacostic
Director, Office of Safety
Fesearch and Development

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation
in the interest of information exchange. The United States Governmenl assumes ne lability
for ity contents or use thereof. This report does not constitute a standard, specification, or
regulation.

The United States Government does not endorse products or manofacturers. Trade and
manufacturers’ names appear in this report only because they are considered essential to
the object of the document,
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply by To Find Symbol Symbol When You Know  Multiply by To Find Symbol
LENGTH LENGTH
in inches 25.4 millimeters mm mm millimeters 0.039 inches in
ft feet 0.305 meters m m meters 3.28 feet ft
yd yards 0.914 meters m m meters 1.09 yards yd
mi miles 1.61 kilometers km km kilometers 0.621 miles mi
AREA AREA
in2 square inches 645.2 square millimeters mm? mm? square millimeters 0.0016 square inches in2
i square feet 0.093 square meters m? m? square meters 10.764 square feet 2
yd? square yards 0.836 square meters m? m?2 square meters 1.195 square yards yd?
ac acres 0.405 hectares ha ha hectares 2.47 acres ac
mi? square miles 2.59 square kilometers km? km? square kilometers 0.386 square miles mi?
VOLUME VOLUME
fl oz fluid ounces 29.57 milliliters mL mL milliliters 0.034 fluid ounces fl oz
gal gallons 3.785 liters L L liters 0.264 gallons gal
i cubic feet 0.028 cubic meters m? m? cubic meters 35.71 cubic feet "
yd?® cubic yards 0.765 cubic meters m? m3 cubic meters 1.307 cubic yards yd?®
NOTE: Volumes greater than 1000 | shall be shown in m?3.
MASS MASS
oz ounces 28.35 grams g g grams 0.035 ounces oz
Ib pounds 0.454 kilograms kg kg kilograms 2.202 pounds Ib
T short tons 0.907 megagrams Mg Mg megagrams 1.103 short tons T
(2000 Ib) (or “metric ton™) (or “t™) (or “t™) (or “metric ton™) (2000 Ib)
TEMPERATURE (exact) TEMPERATURE (exact)
EF Fahrenheit 5(F-32)/9 or Celcius EC EC Celcius 1.8C+32 Fahrenheit EF
temperature (F-32)/1.8 temperature temperature temperature
ILLUMINATION ILLUMINATION
fc foot-candles 10.76 Tux Ix Ix Tux 0.0929 foot-candles fc
fl foot-Lamberts 3.426 candela/m? cd/m? cd/m? candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N N newtons 0.225 poundforce Ibf
Ibf/in? poundforce per square &n8B kilopascals kPa kPa kilopascals 0.145 poundforce per sqilafféenfnch
*Sl is the symbol for the International System of Units. Appropriate (Revised September 1993)

rounding should be made to comply with Section 4 of ASTM E380.
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INTRODUCTION

PROBLEM

In July of 1993, the Federd Highway Administration (FHWA) adopted National Cooperative
Highway Research Program (NCHRP) Report 350 (NCHRP Report 350), Recommended
Procedures for the Safety Performance Evaluation of Highway Features, asthe officid guiddines
for performance evaluation of roadside safety hardware.) NCHRP Report 350 specifies the required
crash tests for longitudind barriers, terminas and trangtions, as well as evaduation criteriafor structurd
adequacy, occupant risk, and post-test vehicle trgjectory for each test. FHWA has further mandated
that al roadsde safety featuresingtalled under new congtruction on the Nationd Highway System
(NHS) meet NCHRP Report 350 performance evauation guiddines. Implementation of this
requirement for breakaway devices, longitudina barriers (except wesk-post W-beam guardrail), crash
cushions, and W-beam guardrail terminas on new construction went into effect on October 1, 1998.
Guardrall to bridge rail trangtions will be required to meet the NCHRP Report 350 requirements by
October 1, 2002. Therefore, it is necessary to test new and/or some existing roadside safety featuresto
evaduate ther performance under these guidelines.

BACKGROUND

Since the adoption of NCHRP Report 350, FHWA has used pooled funds to help various
States crash test and eva uate various roadside safety devices. Although numerous tests have been
performed, and some longitudind barriers and terminds gpproved meet NCHRP Report 350
specifications, there is Hill a need to evduate many of the existing roadside safety features to determine
if they will perform acceptably according to the new specifications. In the case of guardrail to bridge rail
trangtions, there were very few (at the time of initiation of this contract) that performed acceptably to
NCHRP Report 350 specifications.

OBJECTIVES/'SCOPE OF RESEARCH

FHWA initiated this contract with the objective to crash test and evauate severd terminds,
trangtions, and longitudind barriersto NCHRP Report 350. NCHRP Report 350 specifies crash tests
and evduation criteriafor three performance leves for terminds and six performance levels for
trangtions and longitudind barriers.

Two buried-in-backd ope terminals and one cable terminal were evauated under this contract.
Thefirst buried-in-backd ope termina evauated was the G4 on sted posts and wood blockouts with a
rub rail and a 6:1 vee ditch and the other was a G4 with sted posts and wood blockouts with a4 to 1
dope. NCHRP Report 350 test 3-35 with the pickup truck at 100 km/h and 20 degrees was



performed on these buried-in-backd ope terminas. The cable termina evauated was the 3-strand New
York cablerall termind. NCHRP Report 350 test 3-34, with the small car at 100 kmvh and 15 degrees
(impacting the criticd impact point of the termina) was performed on the New Y ork cablerail termindl.

The trangitions evaluated under this contract included the vertica wal transtion (W-beam with
W-beam rub rail and sted posts), the verticd flared back trangtion (W-beam with channd rub rall,
sted posts, and routed wood blockouts), the Pennsylvania Department of Trangportation (DOT)
trangtion (vertical flared back concrete parapet with W-beam rub rail, sted posts, and routed wood
blockouts), the Nebraska thrie beam trangition (vertical wall paragpet with thrie beam), and the
Connecticut W-beam trangition (vertica wall with W-beam and channel rub rail). NCHRP Report 350
test 3-21 with the pickup truck at 100 kmvh and 25 degrees was performed on each to evauate these
trangtions.

The longitudinal barriers evauated under this contract were the MB1 median cable barrier and
three thrie beam guardrails. The MB1 median cable barrier chosen for testing was the Washington
State DOT (WSDOT) cable barrier with aNew Y ork cable rail terminal. This median barrier was
previoudy tested with the small car at 100 km/h and 20 degrees, NCHRP Report 350 test 3-10;
however, it had never been subjected to the pickup truck test at 100 km/h and 25 degrees, NCHRP
Report 350 test 3-11. The thrie beam guardrail with stedl posts and routed wood blockouts and the
strong wood post thrie beam guardrail were tested with the pickup, NCHRP Report 350 test 3-11, for
TL-3 evduation. The modified thrie beam guardrail with 2.1-m-long W150x14 sted posts and
W360x33 blockouts (Design No. SGR09b) was evauated to TL-4 with the single-unit truck at 80
km/h and 15 degrees, NCHRP Report 350 test 4-12.

Congruction details of dl the terminds, trangtions, and longitudind barriers evduated are given
in the following sections of this report. Also included are details of the crash tests performed and the
assessment of each test.



TEST PARAMETERS
TEST FACILITY

All testing performed under this contract was performed by Texas Transportation Indtitute
(TTI). The test facilities a the TTI’s Proving Ground congst of an 809-hectare complex of research
and training facilities Stuated 16 km northwest of the main campus of Texas A&M Universty. The Ste,
formerly an Air Force Base, has large expanses of concrete runways and parking aprons well suited for
experimenta research and testing in the areas of vehicle performance and handling, vehicle-roadway
interaction, durability and efficacy of highway pavements, and safety evauation of roadsde safety
hardware. The sites selected for placing of each of the test articles is dlong a wide expanse of out-of-
sarvice gprons and runways. The gprons/runways condst of an unreinforced jointed concrete pavement
in 3.8 m by 4.6 m blocks nominally 203 to 305 mm deep. The aprons and runways are about 50 years
old and the joints have some displacement, but are otherwise flat and leve.

TEST ARTICLES

All test articles evaluated were constructed according to details and drawings provided by
FHWA and/or the States. Drawings of each ingtdlation are included with the description of each device
in the following chapters.

TEST CONDITIONS

FHWA determined which NCHRP Report 350 tests were to be performed on each of the test
articles evauated. Accordingly, the conditions specified in NCHRP Report 350 for the specific tests
chosen were used as target test conditions. The target and actual test conditions for each test article are
reported herein. The vehiclesin each test were directed into the ingtalation using the cable reverse tow
and guidance system (detailed in gppendix A), and were released to be free-wheding and unrestrained
just prior to impact.

The crash test and data anadysis procedures were in accordance with guidelines presented in
NCHRP Report 350. Brief descriptions of these procedures are presented in gppendix A.

EVALUATION CRITERIA

The crash tests performed were evauated in accordance with the criteria presented in NCHRP
Report 350. Asstated in NCHRP Report 350, “ Safety performance of a highway gppurtenance
cannot be measured directly but can be judged on the basis of three factors: structura adequacy,
occupant risk, and vehicle trgectory after collison.” Accordingly, safety evauation criteriafrom table



5.1 of NCHRP Report 350 were used to evauate the crash tests reported herein. An assessment of the
criteriarelated to each particular test isincluded at the end of each test.

Also included at the end of each test are supplementa eva uation factors and terminology used
for visual assessment of test results as suggested by FHWA in amemo entitled: Action: Identifying
Acceptable Highway Safety Features dated July 25, 1997.



TERMINALS

BURIED-IN-BACKSLOPE TERMINAL (WITH 6to 1 VEE DITCH)
(NCHRP REPORT 350 TEST NO. 3-35)

Test Conditions

According to NCHRP Report 350, atotal of up to seven testsis required for evaluation of
guardrail terminals under test level 3 (TL3) conditions. However, under this contract only one of
the seven required was performed on the buried-in-backs ope terminal (with 6 to 1 vee ditch). The
test performed was NCHRP Report 350 test designation 3-35: A 2000P vehicle impacting the
beginning of the length of need of the terminal at a nominal speed and impact angle of 100 km/h
and 20 degrees.

Thistest isintended primarily to evauate the ability of the device to contain and redirect
(structural adequacy criteria) the 2000-kg pickup truck. The beginning of the length of need for
this terminal was determined to be at post 8.

Test Article

The buried-in-backslope terminal with 6 to 1 vee ditch is an end treatment for a W-beam
guardrail. The guardrail is flared across a vee ditch with its end anchored to a 1830-mm-long steel
post buried in the backslope. The guardrail installation is the standard SGRO4a W-beam guardrail
with wood blockouts. The guardrail between posts A, B, 1 and 2 (numbered sequentially from the
end anchor) isflared back in a4 to 1 ratio. The guardrail between posts 2 and 4 isflared back in a
6 to 1 ratio; between posts 4 and 8in an 8 to 1 ratio; and between posts8 and 22inal3to 1l
ratio. In addition, the top of the guardrail posts between post 8 and post A is tapered from 675
mm measured from the shoulder grade at post 8 to 140.5 mm below the shoulder grade at post A.
The guardrail beginning at post 22 is paralld to the travel way and extends for 30.5 m (length of
need). The top of the posts for the length of need is 675 mm measured from the shoulder grade.
Thetop of therail is 25 mm below the top of the post. A LET terminal was installed on the
downstream end of the installation.

The buried-in-backslope end treatment consists of a W-beam guardrail attached to steel
posts (PWEO1L) using wood blockouts (PDBOL1 - modified) with one 16-mm button-head bolt at
every post. The 150-mm x 200-mm wood blockout is routed to fit over the flange of the steel
post and is 360 mm long. The W-beam is connected to the end post using a special connection
bracket as shown in page 1 of figure 1.

A W-beam rub rail extends from post 2 to post 22. The rubrail is mounted to the steel
posts with one 16-mm bolt with a 75-mm vertical gap between the W-beam guardrail and the rub
rail. The upstream end of the rub rail is connected to post 2 with the special connection bracket
and the downstream end of the rub rail is connected to the back of post 22 with a 16-mm bolt.
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Posts 2 through 22 are 2440 mm long. Posts 1, A, B and the length of need posts are
1830 mm long.

A vee ditch runs through the installation. It consists of a6 to 1 slope from the pavement
for 2700 mm and then a 4 to 1 backsope continuing behind the rail. The vee ditch crosses the
terminal 711 mm upstream of post 8.

Drawings for the buried-in-backs ope end treatment are shown on page 1 of figure 1.
Miscellaneous end treatment details for the installation are shown on pages 2 and 3 of figure 1.
Photographs of the completed installation as tested are shown in figure 2.

Soil and Weather Conditions

The test was performed on the morning of January 29, 1998. A total of 18 mm of rainfall
occurred eight days prior to the day of the test. No other rainfall occurred during the remaining
10 recording days prior to the test. Moisture content of the NCHRP Report 350 standard soil in
which the terminal was installed was 8.3 percent at post 8, 8.6

percent at post 9, and 8.6 percent at post 10. Weather conditions . e, & ¢ 50-

the day of the test were asfollows: wind speed: 9 kmvh; wind ~ sowm "2 1
direction: 180 degrees with respect to the vehicle (vehicle v @E g
traveling northeasterly); temperature: 16EC; relative humidity: 84 |
percent. Vorr

Test Vehicle

A 1995 GMC 2500 pickup truck, shown in figure 3, was used for the crash test. Test
inertia weight of the vehicle was 2000 kg, and its gross static weight was 2076 kg. The height to
the lower edge of the vehicle bumper was 395 mm and it was 600 mm to the upper edge of the
bumper. Additional dimensions and information on the vehicle are given in appendix B, figure 79.

I mpact Description

The vehicle, traveling at 97.2 km/h, impacted the G4 W-beam guardrail backslope anchor
terminal 90 mm beyond post 8, at an angle of 25.2 degrees. At 0.010 s, post 8 moved and at
0.030 s, post 9 moved. The vehicle began to redirect at 0.052 s. At 0.070 s, posts 7 and 10
moved, a 0.084 s, the left front tire of the vehicle contacted post 9, and at 0.106 s, post 11
moved. The dummy’s head impacted the driver-side window, breaking the window at 0.159 s.
The rear of the vehicle contacted the rail element at 0.211 s. At 0.239 s, the vehicle was at post
11, traveling parallel with the guardrail at a speed of 70.7 km/h. The vehicle lost contact with the
guardrail at 0.496 s, traveling at a speed of 70.6 km/h and an angle of 8.1 degrees. Brakes on the
vehicle were applied at 2.5 s after impact and the vehicle subsequently came to rest 66.8 m down
from the point of impact and adjacent to the rail. Sequential photographs of the test period are
shown in gppendix C, figures 92 and 93.



Figure 2. G4 W-beam guardrail backslope anchor terminal installation prior to test 404211-1.



Figure 3. Vehicle before test 404211-1.
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Damageto Test Article

Deformation to the upper and lower W-beams extended from between post 8 and 9 to
past post 11, as shown in figure 4. The flange on the top of post 8 was deformed. Tire marks on
the W-beam could be seen at a point 558 mm down from post 8. On post 9, the lower W-beam
was deformed, the bolt on the upper W-beam was pulled completely through, the lower part of
the flange was deformed and the wood on the lower section of the block was gouged out.
Maximum dynamic deflection of the W-beam during the test was 0.67 m and the maximum
residual deformation after the test was 0.41 m near post 11.

Vehicle Damage

The vehicle sustained structural damages on the front left and left side. The left stabilizer
bar, upper and lower A-arms, spindle and assembly, tire and wheel were al severely damaged.
The front left portion of the bumper, hood, grill and frame were crushed as shown in figure 5. The
windshield was cracked in the lower |eft corner and the left door was deformed to the point that it
separated from the frame 90 mm at the top. The left rear quarter panel was dented and the bed
shifted 20 mm to the right. The right door was jammed and the front right quarter panel was
jammed into the door. The maximum crush to the front bumper was 430 mm on the front and 520
mm on the left side. The floor pan and the firewall were deformed. Maximum deformation of the
occupant compartment was 45 mm in the center floor pan area. Exterior vehicle crush and
occupant compartment deformation measurements are shown in appendix B, tables 25 and 26.

Occupant Risk Factors

Longitudinal occupant impact velocity was 7.2 m/s at 0.204 s, the highest 0.010-s
longitudinal occupant ridedown acceleration was -9.4 g's from 0.259 to 0.269 s, and the
maximum 0.050-s average longitudinal acceleration was -6.0 g's between 0.084 and 0.134 s. In
the lateral direction, the occupant impact velocity was 7.2 m/s at 0.227 s, the highest 0.010-s
occupant ridedown acceleration was 8.6 g's from 0.209 to 0.219 s, and the maximum 0.050-s
average was 8.8 g's between 0.242 and 0.292 s. These data and other pertinent information from
the test are summarized in figure 6. Vehicle angular displacements are displayed in appendix D,
figure 118. Vehicular accelerations versus time traces are presented in appendix E, figures 131
through 141.

Assessment of Test Results

The following NCHRP Report 350 safety evaluation criteria were used to evaluate this
crash test:

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.

12



Figure 4. G4 W-beam guardrail buried-in-backsope termina after test 404211-1.



Figure 5. Vehicle after test 404211-1.
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Elevation View (Profile Along Rail)

General Information
TestAgency ..............
TestNo. .................

Installation Length (m) .. .. ...
Material or Key Elements . . . . .

Soil Type and Condition ......
Test Vehicle

Type ...

Designation ...............

Model ...................

Mass (kg) Curb ...........

Test Inertial . . .. ..

Dummy .........

Gross Static .. ...

Texas Transportation Institute
404211-1
01/29/98

Terminal

W-beam Buried in Backslope

76.2

W-beam Guardrail on Steel Posts
w/WoodBlockouts, Rub rail, 6:1 Ditch
Standard Soil, Damp

Production

2000P

1995 GMC 2500 Pickup Truck
1933

Impact Conditions
Speed (km/h) . ... oL
Angle(deg) .................

Exit Conditions
Speed (km/h) . ...
Angle(deg) .................

Occupant Risk Values

Impact Velocity (m/s)
x-direction ................
y-direction ................

THIV .

Ridedown Accelerations (g's)
x-direction ................
y-direction ................

PHD (@'S) ... .ovvvviiiann

ASIE o

Max. 0.050-s Average (g's)
x-direction ................
y-direction ................
z-direction ................

Test Article Deflections (m)

Dynamic ................. 0.67
Permanent ................ 0.41
Vehicle Damage
Exterior
VDS ... 11LFQ4
CDC ...t 11FLEK2
&11LYEWS3
Maximum Exterior
Vehicle Crush (mm) ...... 520
Interior
OCDI............utt FS0100002
Max. Occ. Compart.
Deformation (mm) ........ 45

Post-Impact Behavior
(during 1.0 s after impact)

Max. Yaw Angle (deg) ....... 32
Max. Pitch Angle (deg) ...... 11
Max. Roll Angle (deg) ....... 38

Figure 6. Summary of results for the Buried-in-Backsope Terminal (with 6 to 1 vee ditch) test, NCHRP Report 350 test 3-35.




Result:

The buried-in-backs ope terminal with 6 to 1 vee ditch contained and
redirected the vehicle. Maximum deflection of the guardrail was 0.67 m.

1 Occupant Risk

D.

Result:

Result:

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. Deformation of, or intrusions into, the occupant compartment
that could cause serious injuries should not be permitted.

No detached elements or debris were present to penetrate or to show
potential for penetrating the occupant compartment, or to present undue
hazard to othersin the area. Maximum deformation of the occupant
compartment was 45 mm.

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

The vehicle remained upright and stable during and after the collision.

1 Vehicle Trajectory

K.

Result:

Result:

Result:

After collision it is preferable that the vehicle' s trajectory not intrude into
adjacent traffic lanes.

The vehicle did not intrude into adjacent traffic lanes.
The occupant impact velocity in the longitudinal direction should not
exceed 12 m/s and the occupant ridedown acceleration in the longitudinal

direction should not exceed 20 G's.

Longitudinal occupant impact velocity was 7.2 m/s and the longitudinal
occupant ridedown acceleration was-9.4 g's.

The exit angle from the test article preferably should be less than 60
percent of the test impact angle, measured at time of vehicle loss of
contact with the test device.

Exit angle at loss of contact was 8.1 degrees, which was 32 percent of the
impact angle.
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The following supplementa evaluation factors and terminology were used for visual
assessment of test results:

o PASSENGER COMPARTMENT INTRUSION
1. Windshidd Intrusion

No windshield contact e. Complete intrusion into
.  Windshield contact, no damage passenger compartment
c. Windshield contact, no intrusion f. Partial intrusion into passenger
d. Device embedded in windshield, compartment

no significant intrusion
2. Body Pandl Intrusion yes or

LOSSOF VEHICLE CONTROL

(e}

@Physica] loss of control 3. Perceaived threat to other vehicles
2. Lossof windshield visibility 4. Debrison pavement

(e}

PHYSICAL THREAT TO WORKERSOR OTHER VEHICLES
1. Harmful debristhat could injureworkersor othersin the area
2. Harmful debristhat could injure occupantsin other vehicles

No debris was present.

VEHICLE AND DEVICE CONDITION

(e}

1. Vehicle Damage

a. None d. Major dentsto grill and body
b. Minor scrapes, scratches or dents panels
c. Significant cosmetic dents Major structural damage
2. Windshield Damage

None (stress cracking only) e. Shattered, remained intact but
p.  Minor chip or crack partially dislodged
c. Broken, nointerference f. Large portion removed

with visibility g. Completely removed

d. Broken and shattered, visibility
restricted but remained intact

17



3. Device Damage

a None Substantial, replacement parts

b. Superficial needed for repair

C. Substantial, but can be e Cannot be repaired
straightened

18



BURIED-IN-BACKSLOPE TERMINAL (WITH 4to 1 SL OPE)
(NCHRP REPORT 350 TEST NO. 3-35)

Test Conditions

The test performed on this buried-in-backd ope terminal (with 4 to 1 dope) was NCHRP
Report 350 test desgnation 3-35: a 2000P vehicle impacting the beginning of the length of need of the
termind a anomina speed and impact angle of 100 knvh and 20 degrees. The beginning of the length
of need for this termind was determined to be at post 8.

Test Article

A W-beam guardrail can be terminated by burying the end of the rail ement into a soil berm.
Thistype of guardrall termination ingtalation will herein be referred to as a*buried-in-backdope end
treatment.” The guardrail isflared across a vee ditch with its end anchored to a 1830-mm-long sted!
post buried in the backdope. The guardrail ingtalation is the standard SGRO4a W-beam guardrail with
wood blockouts. The guardrail between posts A, B, 1 and 2 (numbered sequentialy from the end
anchor) isflared back in a4 to 1 ratio. The guardrail between posts 2 and 4 isflared back ina6to 1
ratio; between posts4 and 8 in an 8 to 1 ratio; and between posts8 and 20inal3to 1ratio. In
addition, the guardrail between post 8 and post A istapered from 705 mm to 504 mm, measured from
the top of the rail to the shoulder grade. The guardrail, beginning at post 8, is pardld to the travel way
and extends for 30.5 m beyond post 20 (length of need). Thetop of therall for the length of need is
705 mm, measured from the shoulder grade. A LET termind was ingtalled on the downstream end of
theingalation.

The buried-in-backd ope end treatment consists of a W-beam guardrail attached to sted posts
(PWEQ1) using wood blockouts (PDBO1 - modified) with one 16-mm button-head bolt a every post.
The 150-mm x 200-mm wood blockout is routed to fit the stedl post and is 360 mm long. The W-
beam is connected to the end post using a specid connection bracket as shown in figure 7.

A W-beam rubrail extends from post 2 to post 20. The rubrail is mounted to the stedl posts
with one 16-mm bolt. A 75-mm gap between the W-beam guardrail and the rubrail is maintained. The
upstream end of the rubrail is connected to post 2 with the specia connection bracket and the
downstream end of the rubrail is connected to the back of post 20 with a 16-mm bolt. Posts 2 through
20 are 2440 mm long. Posts 1, A, B and the length-of-need posts are 1830 mm long.

A vee ditch runs through the ingalation. It consists of a4 to 1 dope from the pavement edge
for 1830 mm and then a 2 to 1 backd ope continuing behind the rail. The vee ditch crossestherall
termind at post 8.

Drawings for the buried-in-backd ope end trestment are shown in figure 7. Photographs of the
completed ingalation as tested are shown in figure 8.
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Figure 8. G4 W-beam guardrail buried-in-backsope installation prior to test 404211-13.
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Soil and Weather Conditions

The crash test was performed the morning of July 27, 2000. No rainfal was recorded for the
10 recording days prior to the test. Moisture content of the NCHRP Report 350 standard soil in which
the terminal was installed was 4.2 percent, 2.4 percent, and 4.8 percent at posts 8, 10, and 12,
respectively. Weather conditions at the time of testing were as e
follows: wind speed: 5 km/h; wind direction:180 degrees with respect ¥me s » { %0

to the vehicdle (vehicle was traveling in a northwesterly direction); N S .
temperature. 32EC; rdative humidity: 50 percent. - ( ul I T
Test Vehicle =

A 1995 GMC 2500 pickup truck, shown in figure 9, was used for the crash test. Test inertia
weight of the vehicle was 2000 kg, and its gross satic weight was 2075 kg. The height to the lower
edge of the vehicle front bumper was 430 mm and to the upper edge of the front bumper was 650 mm.
Additiona dimensons and information on the vehicle are given in appendix B, figure 80.

Impact Description

The 2000P pickup truck impacted at post 8 of the buried-in-backd ope termina at a speed of
101.1 kmvh and impact angle of 25.9 degrees. Asthe vehicle contacted the ingtalation, the left side of
the vehicle was pitched downward and the |eft front tire was airborne. Shortly after contact, post 8
moved. Posts 9 and 10 moved at 0.012 sand 0.045 s, respectively. At 0.062 s the vehicle began to
redirect and at 0.077 sthe right front whedl steered toward the rail. Post 11 moved at 0.088 s and post
12 moved at 0.126 s. The window glass on the driver Side shattered at 0.157 s and the rear of the
vehicle contacted the rail ement at 0.237 s. The vehicle became pardld with the rail dement a
0.267 sand was traveling a a speed of 67.6 km/h. At 0.556 sthe vehicle lost contact with the
ingallation and was traveling a a gpeed of 65.0 km/h and an exit angle of 17.5 degrees. Asthe vehicle
lost contact with the rail dement, it yawed back toward the rail and subsequently came to rest against
the length of need at post 39. The brakes on the vehicle were not gpplied. Sequential photographs of
the test period are shown in gppendix C, figures 94 and 95.

Damageto Test Article

The buried-in-backdope termina sustained minimal damage as shown in figure 10. Two
sections of W-beam rail ement and rub rail were deformed and tire marks were on the front face of
posts 9 and 10. The blockout at post 9 was detached and resting behind the ingtalation. The tops of the
blockouts at posts 10 and 11 were scarred. Length of contact of the vehicle with the ingtallation was
6.7 m. Maximum dynamic deflection during the test was 861 mm and maximum permanent deformation
was 445 mm on the rub rail and 695 mm on the upper W-beam rail eement.
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Figure 10. Ingallation after test 404211-13.
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Vehicle Damage

The pickup sustained moderate damage as shown in figure 11. Structurd damage included
deformed I€eft front frame and left outer tie rod. Also damaged were the front bumper, hood, radiator,
fan, left front tire and whed, left front quarter panel, left door, and |eft rear of the bed. The windshield
received stress cracks and the left door window glass was broken. Maximum exterior crush was
550 mm to the left front corner a bumper height. Maximum occupant compartment deformation was
125 mm in the center floor pan area. Exterior vehicle crush and occupant compartment measurements
are shown in gppendix B, tables 27 and 28.

Occupant Risk Factors

Daafrom the triaxid accelerometer, located at the vehicle center of gravity (c.g.), were
digitized to compute occupant impact velocity and ridedown accelerations. The occupant impact
veocity and ridedown accderations in the longitudind axis only are required from these data for
evauaion of criterion L of NCHRP Report 350. In the longitudina direction, occupant impact velocity
was 5.4 m/s at 0.137 s, maximum 0.010-s ridedown acceleration was -8.3 g'sfrom 0.153t0 0.163 s,
and the maximum 0.050-s average was -6.5 g's between 0.118 and 0.168 s. In the lateral direction,
the occupant impact velocity was 6.5 m/s at 0.137 s, the highest 0.010-s occupant ridedown
acceleration was 7.9 g'sfrom 0.157 to 0.167 s, and the maximum 0.050-s averagewas 7.7 g's
between 0.109 and 0.159 s. These data and other information pertinent to the test are presented in
figure 12. Vehidle angular displacements are displayed in appendix D, figure 119. Vehicular
accelerations versus time traces are presented in gppendix E, figures 142 through 147.

Assessment of Test Results

Thefollowing NCHRP Report 350 safety evauation criteriawere used to evauate this crash
test:

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 articleis
acceptable.

Reault: The terminal contained and redirected the 2000-kg pickup truck. The vehicle

did not penetrate, underride, or override the ingtdlation. Maximum dynamic
deflection during the test was 0.861 m.
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Figure 11. Vehicle after test 404211-
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0.128 s

0.383 s

34M TO FINAL REST

LENGTH OF CONTACT
B.7M

19 11
11112 43 14 15 16 7 18 15 20 21 72 23 24 J5 pe 27 78
17’_5 !
TTITTTTTTTTT
Blastion Vi (Purfle Aang Batl)
General Information Impact Conditions Test Article Deflections (m)
© TestAgency ............ Texas Transportation Institute Speed (km/h) ................ 101.1 Dynamic ................ 0.861
TestNo. ............... 404211-13 Angle(deg) ................. 25.9 Permanent .............. 0.695
Date .................. 07/27/00 Exit Conditions Working Width . .......... 1.087
Test Article Speed (km/h) ... ... 65.0 Vehicle Damage
Type .. Terminal Angle(deg) ................. 17.5 Exterior
Name ................. Buried-in-Backslope w/4 to 1 slope Occupant Risk Values VDS ... 11LFQ4
Installation Length (m) .. .. 38.2 Impact Velocity (m/s) CDC....iiiii i 11FLEK2
Material or Key Elements . W-beam Guardrail on Steel posts w/wood blogkditastion . ............... 5.4 &11LYEW3
Rubrail, 4 to 1 Slope y-direction ................ 6.5 Maximum Exterior
Soil Type and Condition . Standard Soil, Dry THIV (km/h) ... 28.5 Vehicle Crush (mm) ..... 550
Test Vehicle Ridedown Accelerations (g's) Interior
Type ... Production x-direction . ............... -8.3 OCDI ...t LF0102000
Designation ............ 2000P y-direction . ............... 7.9 Max. Occ. Compart.
Model ................. 1995 GMC 2500 Pickup Truck PHD(@'S) ..« ov i 10.9 Deformation (mm) ...... 125
Mass (kg) ASI 0.99 Post-impact Behavior
Curb................. 2107 Max. 0.050-s Average (g's) (during 1.0 s after impact)
Test Inertial .......... 2000 x-direction ................ -6.5 Max. Yaw Angle (deg) . . . ... 43
Dummy .............. 75 y-direction . ............... 7.7 Max. Pitch Angle (deg) .. ... 7
Gross Static .......... 2075 z-direction ................ 4.7 Max. Roll Angle (deg) ... ... -18

Figure 12. Summary of results for the buried-in-backd ope termind (with 4 to 1 vee ditch) test, NCHRP Report 350 test 3-35.




Reault:

Reault:

Reault:

Reault:

Reault:

Occupant Risk

D. Detached elements, fragments or other debris fromthe 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. Deformation of,
or intrusions into, the occupant compartment that could cause
serious injuries should not be permitted.

The blockout at post 9 detached but did not penetrate or show potentia for
penetrating the occupant compartment, or present undue hazard to othersin the
area. Maximum occupant compartment deformation was 125 mm and was
judged not to cause seriousinjury.

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

The vehicle remained upright during and after the collision period.
Vehicle Trajectory

K. After collision it is preferable that the vehicle strajectory not
intrude into adjacent traffic lanes.

The vehicle did not intrude into adjacent traffic lanes.

L. The occupant impact velocity in the longitudinal direction should
not exceed 12 nvs and the occupant ridedown acceleration in the
longitudinal direction should not exceed 20 G's.

Longitudina occupant impact velocity was 5.4 m/s and longitudina ridedown
acceleration was-8.3Q's.

M. The exit angle from the test article preferably should be less than
60 percent of the test impact angle, measured at time of vehicle
loss of contact with the test device.

Exit angle at loss of contact was 17.5 degrees, which was 68 percent of the

impact angle; however, the vehicle yawed toward the ingtdlation and came to
rest adjacent to the length of need.
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The following supplementa evauation factors and terminology were used for visual assessment

of test results:

o PASSENGER COMPARTMENT INTRUSION

1. Windshidd Intruson

g No windshield contact
p.  Windshield contact, no damage
c. Windshidd contact, no intruson
d. Device embedded in windshield,
no sgnificant intruson

2. Body Pane Intrusion

LOSSOF VEHICLE CONTROL

o

@ Physical loss of contral

2. Lossof windshield visbility

e. Completeintrusoninto

passenger compartment
f. Partid intruson into passenger
compartment

yes or

3. Percelved threat to other vehicles

4. Debrison pavement

(o))

PHYSICAL THREAT TO WORKERSOR OTHER VEHICLES
1. Harmful debristhat could injureworkersor othersin thearea

2. Harmful debristhat could injure occupantsin other vehicles
The blockout at post 9 detached and came to rest behind the installation.

(o))

VEHICLE AND DEVICE CONDITION
1. Vehicle Damage

a. None
b. Minor scrapes, scratches or dents
c. Sgnificant coametic dents

2. Windshield Damage

None
p.  Minor chip or crack

c. Broken, no interference f.
with vighility

d. Broken and shattered, vishility
restricted but remained intact

Major dentsto grill and body

panels
e. Magor gructural damage

e Shatered, remained intact but

patidly didodged
Large portion removed
g Completely removed

31



3. Device Damage

a. None Subgtantial, replacement parts

b. Supeficid needed for repair

c. Subgantid, but can be e. Cannot berepaired
draightened
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NEW YORK TERMINAL FOR 3-CABLE BARRIER
(NCHRP REPORT 350 TEST NO. 3-34)

Test Conditions

The test performed on the New Y ork terminal for 3-cable barrier was NCHRP Report 350
test designation 3-34: an 820-kg passenger car impacting the termina at a nomind impact speed and
angle of 100 knvh and 15 degrees midpoint between the end of the termind and the beginning of the
length of need. The target impact point was determined to be the point at which the right front corner of
the bumper of the vehicle impacted the cables in the downward-doping portion of the anchor.

Test Article

A 119.8-m-long New Y ork 3-strand cable rail system was constructed for full scale crash
testing of the termina. The ingtalation was constructed on a 6 to 1 dope as shown on page 1 of
figure 13. Ingdlation height of the system was 685 mm from the ground line to the center of the top
cable. The posts were Type S75x8 stedl posts spaced 5000 mm on-center. The posts wereingtaled in
NCHRP Report 350 standard soil. The three cables were each 19-mm diameter 3-strand/7-wire rope
cable, spaced 76 mm gpart with a minimum tensile strength of 110 kN. The cables were connected to
the posts using 8-mm hooked bolts. All cable ends were fitted with open end wedge type cable socket
fittings. Each cable end was attached to a stlandard turnbuckle assembly, bolted to a breakaway anchor
angle, and anchored rigidly to a concrete footing. Additionally, the last post on each end of the
ingtdlation was anchored in the concrete footing and made frangible by adip base connection. The
concrete footing for the last post and the cable anchor terminal were constructed in two units that mated
together with atongue and groove as shown on page 2 of figure 13. The last post flared back from the
tangent atotd distance of 1220 mm over atota distance of 7410 mm. On one end of each of the
cables, adjacent to the standard turnbuckle, a spring cable end assembly was attached. The spring
cable assembly consisted of the standard turnbuckle with 305 mm of take-up, a 20-mm diameter
threaded stedl rod on each end, and a pring compensating device on one end. The pring
compensating device had a pring rate of 80 + 8 N/mm and atotal minimum throw of 150 mm. For the
temperature conditions present just prior to the time the crash test was performed (29EC), the spring
compensator was compressed 54 mm. Congtruction details are shown on pages 2 and 3 of figure 13.
Photographs of the completed test ingtdlation are shown in figure 14.

The concrete footing for the cable anchor termind and the last post (each integrd unit) were
congtructed in two units that mated together with atongue and groove. Each unit measured 660 mm
by 1005 mm at the top and tapered to 725 mm by 1150 mm at the bottom. The height of the footing
aong the centerline of the post and termina was 990 mm. The tops of the termina units were
constructed on a6 to 1 dope. The units were connected together by an integra key way measuring 50
mm by 100 mm at the bottom and 50 mm by 150 mm at the top.
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Soil and Weather Conditions

The test was performed the morning of October 1, 1998. No rainfal occurred during the 10
recording days prior to the test. Moisture content of the NCHRP Report 350 soil in which the termind
was ingtalled was between 6.9 and 7.5 percent. Wesather conditions

during the time of the test were as follows: wind speed: 8 km/h; wind };Er%f:,:"r'ﬂ l o

direction: 190 degrees with respect to the vehicle (vehicle was - " %_z ] H .
traveling in a northwesterly direction); temperature: 31EC; rddive o E M 1e0”
humidity: 64 percent. ES

Test Vehicle

A 1992 Ford Festiva, shown in figure 15, was used for the crash test. Test inertiaweight of the
vehicle was 820 kg, and its gross static weight was 896 kg. The height to the lower edge of the vehicle
bumper was 355 mm and it was 530 mm to the upper edge of the bumper. Additiona dimensions and
information on the vehicle are given in appendix B, figure 81.

Impact Description

The vehicle, traveling at 99.3 kmvh, impacted the New Y ork termind at 14.7 degrees. Initid
contact with the termina was such that the right front corner of the bumper of the vehicle impacted the
cables in the downward-doping portion of the anchor. Approximately 0.013 s after impact, the vehicle
bumper contacted the end post (post 1), which activated at the dip base. The front right tire contacted
the post at 0.036 s and knocked the post to the ground. The right rear whedl lost contact with the
ground at 0.059 s and the right front at 0.085 s. The vehicle lost contact with thetermind at 0.115 s
while traveling at a speed of 94.4 km/h and an exit angle behind the termina of 15.7 degrees. The
vehicle continued to travel down the dope of the ditch and the right Side whed s touched ground again
at 0.236 s and 0.305 s as the vehicle reached the field Side of the ditch. The vehicle then traversed up
the dope and traveled out of what would be the right of way and into private property. Brakes on the
vehicle were not gpplied. Asthe vehicle entered the brushy area beyond theright of way, it yawed
clockwise and rolled onto its left Sde for reasons not related to the performance of the guardrail (the
vehicle impacted alarge bush). The vehicle came to rest 42.5 m down from impact and 25.0 m behind
the ingtalation. Sequentia photographs of the test period are shown in gppendix C, figures 96 and 97.

Damageto Test Article

Damage to the 3-cable New Y ork cablerail termina was minimal as shown in figure 16. The
end post broke away at the dip base and was found 480 mm from the base. The rear bolt on the right
Sde remained on the base and the rear bolt from the |eft Sde was lying near the base. The two boltson
the front remained with the end post. The turnbuckles near the anchor plate and the cables received
scuff marks from the vehicle tires. The cables were dack throughout the length of the ingtdlation, but
neither anchor moved.
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Figure 15. Vehicle before test 404211-6.
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Figure 16. New York cablerail terminal after test 404211-6.



Vehicle Damage

The vehicle sustained little damage from impact with the termina. Structural damage included a
deformed lower control arm and strut tower and atorn upper right strut mount. Minor damage
occurred to the front bumper. The front right rim was bent and the tire deflated. After the vehicle exited
the test Site (traversed the doped ditch and traveled beyond the right of way) the vehicle yawed
clockwise and rolled onto its left side. Photographs of the vehicle after the test are shown in figure 17,
however, most of the damage occurred during the rollover. No measurable deformation occurred to the
front of the vehicle from impact with the termind. No deformation or intrusion of the occupant
compartment occurred prior to the rollover. Exterior crush and occupant compartment measurements
are shown in appendix B, tables 29 and 30.

Occupant Risk Factors

In the longitudina direction, the occupant impact velocity was 1.8 m/s at 0.441 s, the highest
0.010-s occupant ridedown acceleration was -3.1 g's from 0.469 to 0.479 s, and the maximum 0.050-
saverage acceleration was -2.3 g's between 0.001 and 0.051 s. In the lateral direction, the occupant
impact velocity was 0.9 m/s at 0.521 s, the highest 0.010-s occupant ridedown acceleration was
-3.0 g'sfrom 0.474 to 0.484 s, and the maximum 0.050-s average was -1.4 g's between 0.803 and
0.853 s. These data and other pertinent information from the test are summarized in figure 18. Vehicle
angular displacements are displayed in gppendix D, figure 120. Vehicular accderations versustime
traces are presented in appendix E, figures 148 through 157.

Assessment of Test Results

Thefollowing NCHRP Report 350 safety evaluation criteriawere used to eval uate this crash
test:

1 Structural Adequacy

C. Acceptable test article performance may be by redirection, controlled
penetration, or controlled stopping of the vehicle.

Result: The New York Termina for 3-cable barrier allowed the vehicle to gate through the
end.

I 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. Deformation of, or intrusions into, the occupant compartment that could
cause serious injuries should not be permitted.
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Figure 17. Vehicle after test 404211-6.
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General Information Impact Conditions Test Article Deflections (m)

TestAgency ............ Texas Transportation Institute Speed (km/h) ........ ... 99.3 Dynamic ................ nil

TestNo. ............... 404211-6 Angle(deg) ................. 14.7 Permanent .............. nil

Date .................. 10/01/98 Exit Conditions Vehicle Damage

Test Article Speed (km/h) ........ ... ... 94.4 Exterior

Type .. Terminal Angle(deg) ................. 15.7 VDS ... 12FR1

Name ................. New York 3-Cable Guardrail Terminal ~ Occupant Risk Values CDC .. 12FRLN1

Installation Length (m) . ... 119.8 Impact Velocity (m/s) Maximum Exterior

Material or Key Elements . 3 @ 19-mm Diameter Wire Rope Cables x-direction . ............... 1.8 Vehicle Crush (mm) ... .. nil

With Embedded Concrete Anchor Block y-direction ................ 0.9 Interior
Soil Type and Condition . Standard Soil, Dry THIV(km/h) ..o 7.8 OCDI ...t RF0000000
Test Vehicle Ridedown Accelerations (g's) Max. Occ. Compart.

Type . ... Production x-direction ................ -3.1 Deformation (mm) ...... 0

Designation ............ 820C y-direction ................ -3.0 Post-Impact Behavior

Model ................. 1992 Ford Festiva PHD(@'S) ..« ov i 3.9 (during 1.0 s after impact)

Mass (kg) ASl 0.22 Max. Yaw Angle (deg) . .. ... -25
Curb................. 810 Max. 0.050-s Average (g's) Max. Pitch Angle (deg) . . ... 11
Test Inertial .......... 820 x-direction . ............... 2.3 Max. Roll Angle (deg) . ..... 20
Dummy .............. 76 y-direction . ............... 1.4
Gross Static .......... 896 z-direction . ............... 2.0

Figure 18. Summary of results for the New Y ork termind test, NCHRP Report 350 test 3-34.




Reault:

Reault:

Reault:

Reault:

Reault:

Reault:

No detached elements, fragments or debris were present to penetrate or to show
potentia for penetrating the occupant compartment, or to present undue hazard to
othersin the area. No deformation or intrusion of the occupant compartment occurred.

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

The vehide remained upright during and immediately after the collision period, but
rolled onto its Sde after exiting the tet site for reasons not related to the performance
of the guardrail.

H. Occupant impact vel ocities should satisfy the following:
Longitudinal and Lateral Occupant Impact Velocity - nv/s
Preferred Maximum
9 12

Longitudina occupant impact velocity was 1.8 m/s and lateral occupant impact velocity
was 0.9 m/s

l. Occupant ridedown accel erations should satisfy the following:
Longitudinal and Lateral Occupant Ridedown Accelerations - g's
Preferred Maximum
15 20
Longitudinal ridedown acceleration was -3.1 g's and lateral ridedown acceleration was
-3040's

Vehicle Trajectory

K. After collision it is preferable that the vehicle' s trajectory not intrude into
adjacent traffic lanes.

The vehicle did not intrude into adjacent traffic lanes.
N. Vehicle trajectory behind the test article is acceptable.

The vehicle cameto rest behind the test article.

The following supplementa evauation factors and terminology were used for visua assessment

of test results:
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(o))

PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

p.  Windshield contact, no damage
c. Windshidd contact, no intrusion
d. Device embedded in windshied,

No windshield contact

no significant intrusion

2. Body Panel Intrusion

LOSSOF VEHICLE CONTROL
@thsical loss of control

2. Lossof windshield visibility

e. Complete intruson into

f.

passenger compartment
Partial intrusion into passenger
compartment

yes or

4. Debrison pavement

PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1. Harmful debristhat could injure workersor othersin the area

2. Harmful debristhat could injure occupantsin other vehicles

No debris was present.

VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

a

b. Minor scrapes, scratches or dents

C.

None

Significant cosmetic dents

2. Windshield Damage

C.

d.

None

Minor chip or crack

Broken, no interference

with vishility

Broken and shattered, visibility
restricted but remained intact

3. Device Damage

a
b.
C.

None

Superficia

Subgtantial, but can be
straightened

Major dentsto grill and body

panels

e. Mgor structural damage

Shattered, remained intact but
partially didodged

Large portion removed
Completely removed

Substantid, replacement parts

needed for repair

e. Cannot berepaired

3. Perceived threat to other vehicles



TRANSITIONS

According to NCHRP Report 350, two tests are required to evaluate transitions to test level
three (TL-3), as described below.

NCHRP Report 350 test designation 3-20: An 820-kg passenger car impacting the
trangtion a the critical impact point (CIP) of the trangtion & anomind speed and angle
of 100 km/h and 20 degrees. The test is intended to eva uate occupant risk and post-

impact trgectory.

NCHRP Report 350 test designation 3-21: A 2000-kg pickup truck impacting the
trandtion at the CIP of the trangtion at a nomina peed and angle of 100 km/h and 25
degrees. The test isintended to evauate strength of the section in containing and
redirecting the 2000-kg vehicle.

NCHRP Report 350 test 3-21 was the only test performed on al the transition tests reported
herein. As suggested in NCHRP Report 350, the BARRIER VII computer Smulation program was
used to determine the CIP in each of these tedts.

VERTICAL WALL TRANSITION—TEST 2
(NCHRP REPORT 350 TEST NO. 3-21)

Test Conditions

The test performed on the verticd wall transition was NCHRP Report 350 test 3-21. The
BARRIER VIl program indicated the CIP to be 1.5 m from the end of the vertica wall concrete

parapet.
Test Article

This test was performed on the W-beam with W-beam rub rail and sted posts transition to the
vertica concrete bridgerail. Thisisamodification to the sandard detailed in Figure 1B of FHWA
Technical Advisory No. T5040.26 dated January 28, 1988.

A reinforced concrete parapet wall with a spread footing was constructed according to the
drawings on page 1 of figure 19. The wall was 810 mm high from the roadway surface. It tgpered from
avertica face a therall trandtion to aNJ-shape bridge rail over 3.2 m. The soread footingwas 3.2 m
by 2.18 min area. The top of the spread footing was 450 mm below the roadway surface and was
900 mm deep. A 2.4-m-long by 810-mm-high F-shape smulated bridge rail was constructed adjacent

to the parapet wall.
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A standard W-beam guardrail with stedl posts and wood blockoutsis trangtioned over alength
of 3.8 m to the concrete parapet wall, as shown on page 2 of figure 19. The center of the guardrail is
mounted 550 mm above the ground at the rail. The two nested W-beam guardrall eements are
attached to aRWEOQ2atermind connector with eight standard guardrail connector bolts. The termina
connector is bolted through formed holesin the parapet wall with four M22x250 mm H.S. (high
strength) hex bolts with a standard FPB0O2 termina connector bearing plate on the back of the parapet
wall. Posts 1, 2, 3, 5, and 7 are not connected to therall. Post 4 is connected to the rail with an FBBO3
guardrail bolt and recess nut with arectangular plate washer under the bolt head and a stedl washer
under the nut. Posts 7 and 8 have backup plates. The standard guardrail section begins at post 9. The
150-mm x 200-mm routed wood blockout was used behind the guardrail at adl posts.

The center of the rub rail is mounted 190 mm above the ground at the rail. The W-beam rub
rall is attached to a RWEQ2atermina connector with eight standard guardrail connector bolts. The
termina connector is bolted through formed holes in the parapet wal with four M22x250 mm H.S. hex
bolts with a standard FPBO2 termina connector bearing plate on the back of the parapet wall. Posts 1,
2, 3, and 5 are not connected to the rub rail. Post 4 is connected to the rub rail with an FBB03
guardrail bolt and recess nut with a rectangular plate washer under the bolt head and a stedl washer
under the nut. The 200-mm-wide x 360-mm-long wood blockout used behind the rub rail a posts 1, 2,
3, and 4 was tapered to alow the rub rail to be flush at the parapet wall and connect behind post 6.

Posts 1 and 2 are W200x19 by 2285-mm-long steel posts. Posts 3 thru 13 are standard
PWEQ2 sted posts. The post spacing between the parapet wall, posts 1, 2, 3, and 4 is476 mm. The
post spacing between posts 4, 5, 6, 7, and 8 is 953 mm. The post spacing for the standard guardrall
section is 1905 mm. The guardrail is anchored at the upstream end with a standard ET-2000. The
completed ingdlation is shown in figure 20.

Soil and Weather Conditions

The test was performed the morning of July 27, 1998. No rainfal occurred during the 10
recording days prior to the test. Moisture content of the NCHRP Report 350 standard soil in which the
installation was constructed was 4.7 percent, 6.1 percent, and 5.5
percent at posts 1, 3 and 5, respectively. Weather conditions during e svams &' L -
the time of the test were as follows: wind speed: 10 kmvh; wind :]"_'"'"' F— =
direction: 15 degrees with respect to the vehicle (vehide wastraveling — (
in a south/southwesterly direction); temperature: 33EC; reldive

humidity: 58 percent.

[}
(—
r 270"

Test Vehicle

A 1995 Chevrolet 2500 pickup truck, shown in figure 21, was used for the crash test. Test
inertiaweight of the vehicle was 2000 kg, and its gross static weight was 2074 kg. The height to

48



e 37 e
Figure 20. Vertica wal trangtion prior to test 404211-2.

&
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Figure 21. Vehicle before test 404211-2.

50



the lower edge of the vehicle bumper was 440 mm and it was 660 mm to the upper edge of the
bumper. Additiond dimengons and information on the vehicle are given in gppendix B, figure 82.

Impact Description

The vehicle, traveling at 97.5 knvh, impacted the verticad wal transtion 1.5 m from the end of
the bridge parapet at a 25.5-degree angle. Shortly after impact, posts 3 and 4 moved followed by
movement at post 2 and then 1. At 0.047 sredirection of the vehicle occurred. The concrete wall
moved at 0.051 s. The top of the passenger’ s Side door separated from the cab of the vehicle at
0.073 s, and the windshield cracked at 0.076 s. At 0.110 sthe left front tire lost contact with the
ground. The rear right and left tires lost contact with the ground at 0.163 and 0.187 s, respectively.
The right rear tire contacted therail a 0.207 s, and the right front tire lost contact with the ground. At
0.240 stheright rear tire snagged on therail and at 0.261 sthetire blew out. At 0.272 sthe vehicle
began to roll clockwise. The vehicle, traveling at 66.5 kmv/h, was pardld to the indtdlation a 0.289 s,
The right front tire contacted the ground at 0.467 s. The vehicle lost contact with the trangtion a
0.625 s, and was traveling at 52.5 km/h and an exit angle of 7.3 degrees. Asthe vehicle exited the
trangition, the vehicle continued to roll clockwise and touched down on its right front corner. Brakes on
the vehicle were not gpplied. The truck did to astop on itsright Sde 44.2 m down from impact point
and 3.0 m toward traffic lanes. Sequential photographs of the test period are shown in appendix C,
figures 98 and 99.

Damageto Test Article

The verticd wall trangtion recelved moderate damage as shown in figure 22. Therail was
deformed from post 5 through post 1. The blockout on the upper rail ement at post 1 was split and
separated from the post. The blockout on the rub rail at post 1 was split but remained attached. The
blockout on the upper rail dement at post 2 was gouged. A piece of meta from the vehicle was caught
on the edge of the connection at the end shoe. The top of the CMB was scraped from contact with the
vehicle Tota length of contact of the vehicle with the trangtion and CMB was 4.24 m. Maximum
permanent deformation of the rail was 90 mm at post 2.

Vehicle Damage

The vehicle sustained subgtantial damage as shown in figure 23. Structurd damage included the
right front spindle, rod ends, stabilizer bar, front cross member, upper and lower A-arms, right side
floor pan, firewdl, and frame. The right rear axle springs, U-bolts, and right A-pillar sustained damage.
The right front and rear tire and whed were crushed. Both right Side quarter panels were damaged and
the right door had a 355-mm gap at the top. The fan, radiator, grill, hood, and bumper were deformed.
The l€eft front quarter pand was damaged and the left door was jammed. The windshield was shattered.
A 20-mm buckle was noted on the passenger’ s Sde of the cab and the cab shifted out 70 mm on the
driver’s sde. Maximum exterior crush to the vehicle was 540 mm at the top of the front bumper and
530 mm at the whed well. Occupant compartment deformation was 40 mm in the floor to instrument
pand areaand 97 mm in the firewal area. Details can be found in appendix B, tables 31 and 32.
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Figure 22. Ingtalation after test 404211-2.
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Figure 23. Vehicle after test 404211-2.



Occupant Risk Factors

In the longitudina direction, the occupant impact velocity was 9.1 m/s at 0.149 s, the highest
0.010-s occupant ridedown acceleration was -15.1 g's from 0.122 to 0.132 s, and the maximum
0.050-s average acceleration was -12.1 g’ s between 0.056 and 0.106 s. In the latera direction, the
occupant impact velocity was 7.8 m/s a 0.109 s, the highest 0.010-s occupant ridedown acceleration
was 12.5 g'sfrom 0.129 to 0.139 s, and the maximum 0.050-s average was -13.3 g's between 0.049
and 0.099 s. These data and other pertinent information from the test are summarized in figure 24.
Vehicle angular displacements are displayed in gppendix D, figure 121. Vehicular acceerations versus
time traces are presented in appendix E, figures 158 through 168.

Assessment of Test Results

Thefollowing NCHRP Report 350 safety evaluation criteriawere used to eval uate this crash
test:

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.

Reault: Theverticd wadl trangtion contained and redirected the vehicle. The vehicle did not
penetrate, underride, or override the ingallation. Maximum permanent deformation
was 0.01 m.

I 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. Deformation of, or intrusions into, the occupant compartment that could
cause serious injuries should not be permitted.

Result:  No detached elements, fragments, or other debris were present to penetrate or to
show potentia for penetrating the occupant compartment, or to present undue hazard
to othersin the area. Maximum reduction of space was 27 percent in the center floor
pan area, which may cause serious injury.

F.  Thevehicle should remain upright during and after collision although moderate
roll, pitching and yawing are acceptable.

Reault: Thevehiclerolled onto its right Side after exiting the ingdlation.
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General Information Impact Conditions Test Article Deflections (m)
U1 TestAgency ............ Texas Transportation Institute Speed (km/h) . ... 97.5 Dynamic ................ N/A
TestNo. ............... 404211-2 Angle(deg) ................. 25.5 Permanent .............. 0.09
Date .................. 07/27/98 Exit Conditions Vehicle Damage
Test Article Speed (km/h) ........ ... ... 52.5 Exterior
Type .. Transition Angle(deg) ................. 7.3 VDS ... 01RFQ5
Name ................. Vertical Wall Transition Occupant Risk Values CDC............... 01FREK4
Installation Length (m) .. .. 35.3 Impact Velocity (m/s) & 01RDEWA4
Material or Key Elements . W-beam with W-beam Rub Rail & Steel Postsxdirection .. .............. 9.1 Maximum Exterior
Vertical Concrete Bridge Rail y-direction ................ 7.8 Vehicle Crush (mm) .. ... 540
Soil Type and Condition . Standard Soil, Dry THIV(km/h) ..o 38.6 Interior
Test Vehicle Ridedown Accelerations (g's) OCDI ... FS0113000
Type . ... Production x-direction ................ -15.1 Max. Occ. Compart.
Designation ............ 2000 y-direction ................ 12.5 Deformation (mm) ...... 97
Model ................. 1995 Chevrolet Pickup Truck PHD(@'S) ..« ov i 14.8 Post-impact Behavior
Mass (kg) ASl 1.70 (during 1.0 s after impact)
Curb................. 2056 Max. 0.050-s Average (g's) Max. Yaw Angle (deg) . . . ... -34
Test Inertial .......... 2000 x-direction . ............... -12.1 Max. Pitch Angle (deg) . . ... -9
Dummy .............. 74 y-direction . ............... -13.3 Max. Roll Angle (deg) ... ... 45
Gross Static .......... 2074 z-direction . ............... 6.7

Figure 24. Summary of resultsfor the fird test on the vertical wal trangtion, NCHRP Report 350 test 3-21.



1 Vehicle Trajectory

K. After collision it is preferable that the vehicle' s trajectory not intrude into
adjacent traffic lanes.

Reault: The vehicle did intrude into adjacent traffic lanes.

L. The occupant impact velocity in the longitudinal direction should not
exceed 12 m/s and the occupant ridedown acceleration in the longitudinal
direction should not exceed 20 G's.

Result: Longitudina occupant impact velocity was 9.1 mv/s and longitudina ridedown
accderationwas-15.1g's.

M. The exit angle from the test article preferably should be less than 60
percent of the test impact angle, measured at time of vehicle loss of
contact with the test device.

Reault: Exit angle at loss of contact was 7.3 degrees, which was less than 60 percent of the
impact angle.

The following supplementa evauation factors and terminology were used for visua assessment
of test results:

o PASSENGER COMPARTMENT INTRUSION
1. Windshidd Intrusion

No windshield contact e. Completeintruson into
.  Windshield contact, no damage passenger compartment
c. Windshidd contact, no intrusion f. Patid intruson into passenger
d. Device embedded in windshidld, compartment
no sgnificant intruson
2. Body Pand Intrusion yes or

6 LOSSOF VEHICLE CONTROL
(1)Physical loss of control (3)Perceived threat to other vehicles

2. Lossof windshield visibility 4. Debrison pavement
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PHYSICAL THREAT TO WORKERSOR OTHER VEHICLES
1. Harmful debristhat could injureworkersor othersin thearea
2. Harmful debristhat could injure occupantsin other vehicles

No debris was present.

VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

a. None d. Mgor dentsto grill and body
b. Minor scrapes, scratches or dents panels
c. Sgnificant coametic dents Major gructural damage
2. Windshield Damage
None (during test) e. Shattered, remained intact but
pb.  Minor chip or crack partialy didodged
Broken, no interference f. Large portion removed
with vighility (after rall over) g. Completely removed

d. Broken and shattered, vishility
restricted but remained intact

3. Device Damage

a None Substantial, replacement parts

b. Superficid needed for repair

C. Substantia, but can be e. Cannot be repaired
sraightened
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VERTICAL WALL TRANSITION—TEST 12
(NCHRP REPORT 350 TEST NO. 3-21)

Test Conditions

Thistest was arepeat of NCHRP Report 350 test 3-21. The BARRIER VII program
indicated the CIP to be 1.5 m from the end of the verticad wall concrete parapet.

Test Article

This test was performed on this trangtion previoudy (Test 2). When condructing the ingdlation
for the previous tes, the end shoe would fit properly only if Iapped over the W-beams. During the test
the vehicle snagged on the exposed end of the end shoe and the vehicle rolled onto its Sde after exiting
the trangition. The ingtdlation used for the last test was repaired for use in the repest test. The end shoe
was modified to fit while |gpped under the W-beams when ingtaled on the W-beam with W-beam rub
rall and sted pogtstrangtion. The holesin the termina connector were enlarged with a drift pin (punch)
s0 that the splice balts could be ingtaled with the termina connector |apped under the W-beams. The
termina connector was then bolted through formed holes in the pargpet wall with four M22x250 mm
high strength (H.S.) hex bolts with a standard FPBO2 termina connector bearing plate on the back of
the parapet wal. Drawings of the ingtalation were shown previoudy in figure 19. Photographs of the
completed ingtdlation as tested are shown in figure 25.

Soil and Weather Conditions
The crash test was performed the morning of November 5, 1998. A totad of 41 mm of rain

was recorded four days before the test. No other rainfall was recorded for the 10 days prior to the test.
Moisture content was 8.1 percent, 8.2 percent, and 8.4 percent at

posts 1, 3, and 5, respectively. Wesather conditions at the time of “ﬁ?ﬁ?ﬁ { %0*

testing were as follows: wind speed: 13 knmvh; wind direction: 180 :]"_"""" F— S .
degrees with respect to the vehicle (vehicle was traveing in asoutherly —— ( il I T
direction); temperature: 12EC; relaive humidity: 57 percent. ‘_—(m_' :

Test Vehicle

A 1994 Chevrolet 2500 pickup truck, shown in figure 26, was used for the crash test. Test
inertiaweight of the vehicle was 2000 kg, and its gross static weight was 2077 kg. The height to the
lower edge of the vehicle front bumper was 385 mm and to the upper edge of the front bumper was
615 mm. Additiona dimensions and information on the vehicle are given in gppendix B, figure 83.
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Figure 25. Vertica wall transition r| or to test 404211-12.
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Figure 26. Vehicle before test 404211-12.
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Impact Description

The vehicle, traveling a 101.3 km/h, impacted the trangtion 1.6 m from the end of the concrete
parapet a an angle of 24.2 degrees. Shortly after impact posts 4, 3, and 2 moved. At 0.015 sthe right
front tire contacted the W-beam and then steered |eft. By 0.017 s post 4 moved and at 0.034 sthe
concrete parapet moved. Theright front whed was traveling pardld with the rail and the tire impacted
therubrall a 0.037 s. Redirection of the vehicle began a 0.040 sand at 0.191 sthe vehicle was
traveling pardld with therail a a speed of 79.6 kmv/h. The rear of the vehicle contacted the W-beam a
0.196 s. The vehicle logt contact with the trangition and parapet at 0.414 s, and wastraveling a a
speed of 73.3 km/h and an exit angle of 13.9 degrees. Maximum roll during the 1.0 s after impact was
25 degrees. Brakes on the vehicle were applied at 1.75 s after impact and the vehicle subsequently
cameto rest 54.1 m beyond impact and 8.4 m toward traffic lanes. Sequential photographs of the test
period are shown in gppendix C, figures 100 and 101.

Damageto Test Article

Minima damage was sustained by the trangtion as shown in figure 27. The top blockout a post
1 was plit and the W-beam and rub rail were deformed. Maximum deformation of the W-beam rall
element was 25 mm and the rub rail sustained a maximum deformation of 15 mm. The edge of the
parapet wall was chipped. Tota length of contact of the vehicle with the trangtion was 3.84 m.

Vehicle Damage

The vehicle sustained structurd dameage to the right side frame rail, right front upper and lower
A-arms, and floor pan. The drive shaft was separated, the right rear U-bolts broke at the axle and the
shock pulled out. As shown in figure 28, the front bumper, grill, radiator, fan, right front tireand rim,
right front quarter pand, right door, right rear quarter pand, rear bumper, and right rear tireand rim
were damaged. The windshield was shattered and the cab was pushed rearward into the bed. The front
end of the vehicle was shifted to the left 140 mm. Maximum exterior crush to the vehicle was 500 mm
a theright corner a bumper height. Maximum occupant compartment deformation was 80 mm in the
laterd direction near the occupant’ s feet. Exterior vehicle crush and occupant compartment
measurements are shown in appendix B, tables 33 and 34.

Occupant Risk Factors

Longitudina occupant impact velocity was 7.3 m/s a 0.156 s, maximum 0.010-s ridedown
accderation was -6.7 g'sfrom 0.209 to 0.219 s, and the maximum 0.050-s average was-10.9g's
between 0.051 and 0.101 s. These data and other information pertinent to the test are presented in
figure 29. Vehicle angular displacements are displayed in gppendix D, figure 122. Vehicular
accelerations versus time traces are presented in gppendix E, figures 169 through 179.
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Figure 27. Ingtallation after test 404211-12.



Figure 28. Vehicle after test 404211-12.
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General Information
g TestAgency ............
Test No.
Date ..................
Test Article

Installation Length (m) . . ..
Material or Key Elements

Soil Type and Condition .
Test Vehicle
Type . ...
Designation ............
Model .................
Mass (kg)
Curb
Test Inertial ..........
Dummy ..............
Gross Static ..........

Impact Conditions

Texas Transportation Institute Speed (km/h) ........ ... 101.3
404211-12 Angle(deg) ................. 24.2
11/05/98 Exit Conditions

Speed (km/h) ........ ... ... 73.3
Transition Angle(deg) ................. 13.9
Vertical Wall Transition Occupant Risk Values
35.3 Impact Velocity (m/s)

. W-Beam With W-Beam Rub Rail & Steel x-direction ................ 7.3
Posts to Vertical Concrete Bridge Rail y-direction ................ 7.8
Standard Soil, Damp THIV (km/h) ... L 35.6

Ridedown Accelerations (g's)
Production x-direction . ............... 6.7
2000P y-direction . ............... -10.1
1994 Chevrolet 2500 Pickup Truck PHD(@'S) ..« ov i 10.6
ASl 1.85
1925 Max. 0.050-s Average (g's)
2000 x-direction ................ -10.9
77 y-direction . ............... -13.9
2077 z-direction ................ 9.5

Test Article Deflections (m)

Dynamic ................ 0.07
Permanent .............. 0.03
Vehicle Damage
Exterior
VDS ... 01RFQ4
CDC ... 01FYEK2
& 01RDEW3
Maximum Exterior
Vehicle Crush (mm) ... .. 500
Interior
OCDI ... RF0104000
Max. Occ. Compart.
Deformation (mm) ...... 90
Post-impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . ... -50
Max. Pitch Angle (deg) .. ... 8
Max. Roll Angle (deg) ... ... 25

Figure 29. Summary of results for the repest test on the vertica wal trangtion, NCHRP Report 350 test 3-21.




Assessment of Test Results

Thefollowing NCHRP Report 350 safety evauation criteriawere used to evauate this crash

test:

1 Structural Adequacy

A.

Reault:

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.

The W-beam with W-beam rub rail on stedl posts trangition to the vertical concrete
bridge railing contained and redirected the vehicle. The vehicle did not penetrate,
override, or underride the ingtalation.

I Occupant Risk

D.

Reault:

Reault:

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. Deformation of, or intrusions into, the occupant compartment that could
cause serious injuries should not be permitted.

No detached elements, fragments, or other debris were present to penetrate or to
show potentia for penetrating the occupant compartment, or to present undue hazard
to othersin the area. Maximum occupant compartment deformation was 80 mm in
the latera direction near the occupant’ s feet.

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

The vehide remained upright during and after the collison event.

1 VehicleTrajectory

K.

Reault:

After collision it is preferable that the vehicle strajectory not intrude into
adjacent traffic lanes.

The vehicle came to rest 8.4 m toward traffic lanes and may intrude into adjacent
treffic lanes.
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L. Theoccupant impact velocity in the longitudinal direction should not exceed
12 m/s and the occupant ridedown acceleration in the longitudinal direction

should not exceed 20 g's.

Resault:
6.70s

Longitudina occupant impact velocity was 7.3 m/s and ridedown acceleration was -

M. Theexit angle fromthe test article preferably should be less than 60 percent of
the test impact angle, measured at time of vehicle loss of contact with the test

device.

Results.
agle

Exit angle at loss of contact was 13.9 degrees, which was 57 percent of the impact

The following supplementa evauation factors and terminology were used for visua assessment

of test results:

o PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

No windshield contact
p.  Windshield contact, no damage
c. Windshidd contact, no intrusion
d. Device embedded in windshield,
no significant intruson

2. Body Panel Intrusion

(o) LOSSOF VEHICLE CONTROL
@thsical loss of control
2. Lossof windshield visibility

(o))

e. Complete intrusion into
passenger compartment

f. Partid intrusion into passenger
compartment

yes or

3. Perceived threat to other vehicles

4. Debrison pavement

PHYSICAL THREAT TO WORKERSOR OTHER VEHICLES

1. Harmful debristhat could injure workersor othersin the area

2. Harmful debristhat could injure occupantsin other vehicles

No debris was present.
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o VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

a None d. Maor dentsto grill and body
b. Minor scrapes, scratches or dents pands
c. Significant cosmetic dents Major structural damage
2. Windshield Damage
None e. Shattered, remained intact but
b, Minor chip or crack partially didodged
c. Broken, no interference f. Large portion removed
with vighility g. Completely removed

d. Broken and shattered, vishility
restricted but remained intact

3. Device Damage

a None Substantial, replacement parts

b. Superficia needed for repair

C. Substantial, but can be e. Cannot be repaired
straightened
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VERTICAL FLARED BACK TRANSITION
(NCHRP REPORT 350 TEST NO. 3-21)

Test Conditions

NCHRP Report 350 test designation 3-21 was performed on the vertica flared back trangition.
The BARRIER VII program indicated the CIP to be 1.5 m from the end of the verticd wall concrete

parapet.
Test Article

The W-beam with W-beam rub rail and sted posts trangition to the vertical flared back
concrete bridge rail conssted of a portion of smulated bridgerail, awingwal, atrangtion, alength of
gpproach guardrail, and aguardrail termind. Drawings for this trangition are presented in figure 30.
Photographs of the completed test ingtdlation are shown in figure 31.

The concrete safety shape smulated bridge rail was 2440 mm long and had a foundation wall
that extended 1200 mm below grade. The wingwall extended from the smulated bridge rail a
longitudind distance of 3900 mm. The wingwall was embedded 1200 mm below grade. The traffic face
of the wingwall trangitioned from a safety shape to a verticd face over a distance of 2300 mm. The
vertical face extended another 750 mm and then flared back a distance of 215 mm over alongitudina
distance of 850 mm.

The gpproach guardrail (7620 mm long) was a 2.67-mm-thick (12-ga) W-beam mounted on
W150X 14 sted posts spaced at 1905 mm with 150 mm x 200 mm routed wood blockouts. Mounting
height to the top of therail dement was 706 mm. An ET-2000 termina (15.24 mm long) was indalled
on the end of the guardrall.

The trangtion, sarting from the guardrail end, conssted of a 3810-mm length of 2.67-mm-thick
(12-ga) W-beam mounted on W150x14 steel posts and 150 x 200 routed wood blockouts. Mounting
height of the rail element was 685 mm to the top. Proceeding toward the trangition, two nested, 2.67-
mm-thick (12-ga) W-beam sections were used and connected to the concrete parapet with a 2.67-
mm-thick (12-ga) standard terminal connector. A 168.3-mm-diameter by 250-mm-long stedl spacer
tube was ingaled as a blockout between the W-beam and flared back parapet. The first four posts
adjacent to the parapet were spaced at 476 mm. The first three posts adjacent to the parapet were
W200x19x2290 long and were embedded 1605 mm into the ground. The remaining postsin the
trangtion (posts 4-8) were W150x15x1980 stedl posts and were embedded 1250 mm into the ground.

Therub rail conssted of alength of C152x12.2 and alength of channel made from bent plate.

Tapered wood blockouts were used at the first three posts, no blockout at post 4, and the rub rail was
bent back and terminated on the field Sde of post 5. The centerline height of the rub rail was 230 mm.
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Figure 31. Vertica flared back trangtion prior to test 404211-4.



Holes, 610 mm in diameter, were drilled for each post. The post wasingaled and the hole
beckfilled with NCHRP Report 350 standard soil (Georgetown crushed limestone). Similar backfill
was used around the wingwall and the foundation for the Smulated bridge rail.

Soil and Weather Conditions

The test was performed the morning of September 3, 1998. Only atrace of rain was recorded
during the 10 recording days prior to the test. Moisture content of the NCHRP Report 350 soil in
which the trangition was ingtaled was 9.1 percent, 8.9 percent, and 7.3

Tha rafersmce for

percent at posts 1, 3, and 5, respectively. Wesather conditions during the T Tutd @ l i

time of the test were as follows: wind speed: 6 kmvh; wind direction: 0 ;: T, _E_)_E
degrees with respect to the vehicle (vehicle was traveling in a northerly - — e
direction); temperature: 41EC; rdative humidity: 24 percent. 1 270

Test Vehicle

A 1994 Chevrolet 2500 pickup truck, shown in figure 32, was used for the crash test. Test
inertiaweight of the vehicle was 2000 kg, and its gross static weight was 2074 kg. The height to the
lower edge of the vehicle bumper was 380 mm and it was 600 mm to the upper edge of the bumper.
Additiona dimensions and information on the vehicle are given in appendix B, figure 84.

Impact Description

The vehicle, traveling at 101.2 km/h, impacted the verticd flared back trangition 0.69 m from
the end of the bridge parapet a a 24.7-degree angle. Shortly after impact, posts 4, 3, and 2 moved,
followed by movement at posts 1 and 5. At 0.052 s, redirection of the vehicle began. The concrete
parapet moved at 0.058 s and the driver’s sde window shattered at 0.108 s. The right front and left
rear tires lost contact with the ground at 0.102 and 0.183 s, respectively. At 0.170 s, the right reer tire
logt contact with the ground. The vehicle, traveling at 80.2 knvh, was pardle to the ingdlation at 0.173
S. At 0.174 s, the left rear Sde of the vehicle contacted the rail eement between posts 3 and 4. At
0.304 s, the | €eft rear tire logt contact with the concrete pargpet and the left rear tire lost contact with the
ground. The vehicle lost contact with the concrete parapet at 0.399 s, and was traveling at 75.7 km/h
and an exit angle of 5.2 degrees. After exiting the trangition, the vehicle yawed clockwise and rolled
counterclockwise. The vehicle subsequently rolled one revolution and came to rest upright 56.4 m
down from the point of impact and 9.9 m toward traffic lanes. Sequentia photographs of the test
period are shown in appendix C, figures 102 and 103. Brakes on the vehicle were applied 8.3 s after

impact.
Damageto Test Article
The vertica flared back trangtion received moderate damage as shown in figure 33.

Deformation to the upper and lower W-beams extended from post 5 through post 1. The bolt was out
of posts 1 and 2 at the bottom blockout. Also at post 2, the rub rail was deformed outward. At
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Figure 32. Vehicle before test 404211-4.
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Figure 33. Ingtallation after test 404211-4.



post 3, therub rall wastwisted. The spacing between the metal pipe and blockout and the concrete
parapet was 45 mm before the test and after the test the pipe was leaning againgt the pargpet and the
gpacing was 15 mm. The concrete paragpet was pushed back 25 mm. Total length of contact of the
vehicle with the trangition and concrete pargpet was 3.91 m.

Vehicle Damage

The vehicle sustained subgtantia damage as shown in figure 34. The upper and lower A-arms
and framerail were dl severedly damaged. Both |eft-side quarter panels were damaged and the left door
had a gap (not measurable). The right door, front and rear rims, and the rear quarter pand sustained
damage. Also damaged were the rear bumper and tailgate. The front bumper, grill, hood, radiator, fan,
and cab were deformed. The windshield and the right, |eft, and rear glasses were shattered. Maximum
exterior crush to the vehicle was 530 mm at the front bumper and 410 mm above the front bumper.
Maximum deformation of the occupant compartment was 75 mm in the center floor pan areaand 27
mm in the firewdl area. Details can be found in gppendix B, tables 35 and 36.

Occupant Risk Factors

In the longitudina direction, the occupant impact velocity was 6.1 m/s at 0.161 s, the highest
0.010-s occupant ridedown acceleration was-6.1 g’ sfrom 0.101 to 0.111 s, and the maximum 0.050-
saverage acceleration was -9.7 g's between 0.049 and 0.099 s. In the laterd direction, the occupant
impact velocity was 7.7 m/s at 0.101 s, the highest 0.010-s occupant ridedown accel eration was
9.2 g'sfrom 0.126 t0 0.136 s, and the maximum 0.050-s average was 11.9 g' s between 0.048 and
0.098 s. These data and other pertinent information from the test are summarized in figure 35. Vehicle
angular displacements are displayed in gopendix D, figure 123. Vehicular accderations versustime
traces are presented in appendix E, figures 180 through 190.

Assessment of Test Results

As gated previoudy, the following NCHRP Report 350 safety evaluation criteriawere used to
evauate this crash test:

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.
Reault: The verticd flared back transition contained and redirected the vehicle. The vehicle did

not penetrate, underride, or override the ingtdlation. Maximum dynamic
deflection was 0.17 m.
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After being righted

Figure 34. Vehicle after test 404211-4.
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F U %mﬁw&-/ % .'-‘?J ;_/: \_\_!m,“ﬁ"" EEE
_aﬁii-iéﬁkt nPEE RS
LDWTEN
\l
Q0 General Information Impact Conditions Test Article Deflections (m)

TestAgency ............. Texas Transportation Institute Speed (km/h) ... ..o 101.0 Dynamic . ................ 0.17

TestNO. - .o oot 404211-4 Angle (deg) - - - oo 24.8 Permanent ............... 0.09

Date -« v voee e 09/03/98 Exit Conditions Vehicle Damage

Test Article Speed (km/h) ... 75.7 Exterior

Type - oo Transition Angle (deg) - -. - 5.2 VDS ... 11LFQ4

Name or Manufacturer . . . . .. Vertical Flared Back Transition Occupant Risk Values CDC ... 11FLEK3

Installation Length (m) .. .... 38.3 Impact Velocity (m/s) & 11LDEW3

Material or Key Elements . ... W-beam with W-beam Rub Rail & Steel X-direction ................ 6.1 Maximum Exterior

Posts to Vertical Flared Back Parapet y-direction ................ -7.7 Vehicle Crush (mm) ... ... 530

Soil Type and Condition . . . Standard Soil, Dry THIV (km/h) .« oo 336 Interior

Test Vehicle Ridedown Accelerations (g's) OCDI .........oviinnn LF0100000

Type . oo Production x-direction ................ -6.1 Max. Occ. Compart.

Designation .............. 2000P y-direction ................ 9.2 Deformation (mm) ....... 75

Model ..o 1994 Chevrolet 2500 Pickup Truck PHD(QS) -+« vvveieiiiannn 9.4 Post-Impact Behavior

Mass (kg) ASl 1.58 (during 1.0 s after impact)

Cub................. 1865 Max. 0.050-s Average (g's) Max. Yaw Angle (deg) ..... 76
TestInertial ........... 2000 x-direction ................ 9.7 Max. Pitch Angle (deg) . .... -7
DUMMY . ..o 74 y-direction ................ 11.9 Max. Roll Angle (deg) ...... -97
Gross Static .. ......... 2074 z-direction ................ -75

Figure 35. Summary of results for the vertica flared back trangition test, NCHRP Report 350 test 3-21.




! 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 awork zone. Deformation of, or intrusionsinto, the
occupant compartment that could cause serious injuries should not be
permitted.

Result: No detached elements or debris were present to penetrate or to show potentia for
penetrating the occupant compartment, or to present undue hazard to othersin
the area. Maximum deformation of the occupant compartment was 75 mm in
the center floor pan area.

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

Result: After exiting the trangtion, the vehicle rolled one revolution and came to rest upright,
9.9 m toward traffic lanes.

Vehicle Trajectory

K. After collision it is preferable that the vehicle strajectory not intrude into
adjacent traffic lanes.

Result: The vehicle did intrude into adjacent traffic lanes.

L. The occupant impact velocity in the longitudinal direction should not
exceed 12 m/s and the occupant ridedown acceleration in the longitudinal
direction should not exceed 20 G's.

Result: Longitudina occupant impact velocity was 6.1 mv/s and longitudina ridedown
acceleration was-6.1g's.

M. The exit angle from the test article preferably should be |ess than 60
percent of the test impact angle, measured at time of vehicle loss of
contact with the test device.

Reault: Exit angle at loss of contact was 5.2 degrees, which was less than 60 percent of the
impact angle.

Thefollowing supplemental evauation factors and terminology were used for visua assessment
of test reaults:
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PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

No windshield contact
p.  Windshield contact, no damage
c. Windshidd contact, no intrusion
d. Device embedded in windshield,
no significant intrusion

2. Body Panel Intrusion

LOSSOF VEHICLE CONTROL
@ Physical loss of control
2. Lossof windshield visibility

e. Complete intruson into
passenger compartment

f. Partia intrusion into passenger
compartment

yes or

@ Perceived threat to other vehicles

4. Debrison pavement

PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1. Harmful debristhat could injure workersor othersin the area

2. Harmful debristhat could injure occupantsin other vehicles

No debris was present.

VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

a None
b. Minor scrapes, scratches or dents
c. Significant cosmetic dents

2. Windshield Damage

None
p. Minor chip or crack

c. Broken, nointerference
with vishility

d. Broken and shattered, visibility
restricted but remained intact

3. Device Damage

a None

b. Superficia

C. Substantial, but can be
straightened

80

d. Mgor dentsto grill and body
panels
Major structural damage

e. Shattered, remained intact but
partidly didodged

f. Large portion removed

g. Completely removed

Substantial, replacement parts

needed for repair

e. Cannot be repaired




PENNSYLVANIA TRANSITION
(NCHRP REPORT 350 TEST NO. 3-21)

Test Conditions

The test performed on the Pennsylvania transition corresponds to NCHRP Report 350 test
designation 3-21. The BARRIER VIl smulation program was used to sdect the CIP for thistest. The
program indicated the CIP to be 2.0 m from the end of the concrete parapet.

Test Article

The Pennsylvania Guide Rail Trangtion (without drainage inlet) congsts of 3810 mm of two
nested 12-gauge W-beam guardrails blocked out from the end of the parapet using a 150-mm-
diameter spacer tube followed by 3810 mm of single W-beam guardrail. In addition, the trangtion
incorporates a “flared-back” C150 rub rail. The height of the W-beam guardrail used in thistrangtion
was gpproximatdy 790 mm from the pavement surface. The centerline height of the rub rail from the
pavement surface was approximately 330 mm. TTI received numerous drawings from Pennsylvania
DOT entitled “ Standard Bridge Parapet to Guide Rail Trangtion, BC-739M, Sheet 1 of 2,” dated
December 24, 1999, and “Type 2 Strong Post Guide Rail, RC52M,” dated September 30, 1998.
Details for the moment dab constructed to support the concrete parapet were aso received. TTI
incorporated the details provided from these drawings to construct the field test ingtdlation for this
project. TTI received dl the hardware to congtruct this trangtion from Trinity Industries, Fort Worth,
Texas.

TTI congtructed 5 m of Pennsylvania Standard Bridge Parapet from details provided to TTI by
Pennsylvania DOT. The standard parapet constructed for this project was gpproximately 1070 mm in
height and 440 mm in width at the base on the downstream end. At gpproximately 1802 mm from the
end of the parapet, the parapet flared 10 degrees back away from the traffic side and trangtioned to a
height and width of gpproximately 810 mm, and 315 mm respectively, at the end of the parapet. The
parapet was supported by a 330-mm-thick concrete moment dab. Vertica reinforcement in the
parapet congsted of #16 enclosed stirrup bars located gpproximately 150 mm on centers. Longitudina
reinforcement in the pargpet consisted of six #16 bars located in the lower portion of the pargpet with
four #19 bars located in the upper portion of the parapet. All reinforcement in the parapet was epoxy
coated. A Type“B” Insert was purchased from Brocker Rebar Company, Y ork, Pennsylvania, and
was ingtdled in the pargpet approximately 1280 mm from the end of the pargpet and at a centerline
height of approximately 634 mm for anchoring the termina connector to the pargpet. Three 25-mm
pipe deeves were cast in the parapet gpproximately 1287 mm from the end of the parapet (centerline
distance) and at a centerline height of gpproximately 330 mm. These pipe deeves were used for
anchoring the rub rall to the pargpet with three 22-mm diameter A325 bolts. The rub rail bolts fastened
completely through the parapet and a 175-mm x 175-mm x 12-mm thick plate on the field side of the

parapet.
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The moment dab constructed for the project was gpproximately 4.7 m by 6.6 min plan and
330 mm thick. The dab was connected to an existing concrete runway dab located at our testing facility
with 762-mm-long dowels located approximately 456 mm on centers. The parapet and dab were
constructed so that the parapet was oriented gpproximately 10 degrees with the existing edge of
runway. Top transverse reinforcement in the dab consisted of #19 hooked bars located approximately
152 mm on centers. Bottom transverse reinforcement in the dab consisted of #16 straight bars located
goproximately 305 mm on centers. Longitudinad reinforcement in the dab conssted of #13 draight bars
located approximately 305 mm on centersin both the top and bottom layers in the dab with the
exception of the distance between the second and third bars located from the field Side edge of the dab.
These bars were located gpproximately 152 mm apart. The parapet was anchored to the dab by #16
“V-shaped”’ bars that were cast in the dab and extended from the bottom layer of reinforcement in the
dab upwards into the parapet. These bars were located approximately 150 mm on centers from the
end of the parapet to a distance of approximately 4.3 m from the end. Beyond this distance these bars
were located 300 mm on centers.

The trangition was attached to the concrete parapet with a 10-gauge W-beam termina
connector welded to asted plate. The connector attached to the parapet using four 22-mm-diameter
ASTM A307 baltsin the Type B Insert. The rub rails were attached to the parapet with three A325
bolts. All posts used in the transitions and length of need W-beam guardrail were W150x13.5 stedl
posts. Thefirgt four posts (posts 1 through 4) used in the trangtion were 2135 mm in length and
embedded approximately 1355 mm below grade. The remaining posts (posts 5 through 15) were 1830
mm in length and embedded gpproximately 1030 mm below grade. The centerline of post 1 was
located gpproximately 263 mm from the end of the concrete parapet. A 150-mm-diameter by 305-
mm-long stedl spacer tube attached to the nested W-beam guardrail and was located approximately
475 mm toward the terminal connector from post 1. From post 1 to post 7, the post spacing was
approximately 475 mm. Posts were spaced gpproximately 952 mm agpart from post 7 to 11. From post
11 to 15 (W-beam guardrail length of need), the post spacing was 1905 mm agpart. A LET end
treatment was used beyond the length of need to anchor the W-beam guardrail.

Therub rail used for this project conssted of atwo-piece rub rail mounted 330 mm from the
pavement surface to its centerline. Both pieces of the rub rail were fabricated from C150x12 stedl
channdl. Both pieces of the rub rail were spliced together at post 1 with a 10-mm-thick sted splice
plate. From post 1, the rub rail was connected on each post and flared back at post 7 to the web of
post 8 and was not attached.

The nested W-beam guardrail and the rub rail (at post 1 through 7) were blocked out from the
posts gpproximately 190 mm. Routed wood blockouts (150 mm x 200 mm x 565 mm) were used at
posts 1 through 7. Standard routed wood blockouts (150 mm x 200 mm x 360 mm ) were used at
posts 8 through 15. The rub rail and the nested W-beam guardrail were attached to each post using 16-
mm-diameter A307 “button head” bolts. Detailed drawings are provided in figure 36. Photographs of
the completed ingtdlation as tested are shown in figure 37.
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Figure 37. Pennsylvaniatrangtion prior to test 404211-3.
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Soil and Weather Conditions

The crash test was performed the morning of July 7, 2000. No rainfal was recorded for the 10
days prior to the test. Moisture content of the NCHRP Report 350 standard soil in which the trangtion
was installed was 5.8 percent, 6.7 percent, and 7.6 percent at posts 1, o
3, and 5, respectively. Westher conditions at the time of testing were — vme wasien n { %0
asfollows temperature: 33EC; wind speed: 0 knmvh; wind direction: 0 :]"_""" F— =
(vehide wastravding in awesterly direction); rdative humidity: 51—~ ( ’

percent. ‘—(m_

Test Vehicle

A 1996 Chevrolet 2500 pickup truck, shown in figure 38, was used for the crash test. Test
inertiaweight of the vehicle was 2000 kg, and its gross static weight was 2075 kg. The height to the
lower edge of the vehicle front bumper was 390 mm and to the upper edge of the front bumper was
600 mm. Additiona dimensions and information on the vehicle are given in gppendix B, figure 85.

Impact Description

The l€eft front corner of the bumper of the 2000-kg pickup truck impacted the trangition 2.1 m
from the end of the concrete parapet. The vehicle was traveling at a speed of 100.9 km/h and an
impact angle of 24.3 degrees. Shortly after impact, posts 4 and 5 moved. Post 3 moved at 0.010 s, and
at 0.012 spost 6 moved. At 0.013 sthe left front tire contacted the rail element, and at 0.014 s post 2
moved. Posts 1 and 7 moved at 0.019 sand 0.31 s, respectively. The vehicle began to redirect at
0.052 s. Theright front whedl lost contact with the pavement surface at 0.100 s, and by 0.141 sthe
rear of the pickup truck contacted the rail ement. The pickup truck became pardld with the trangition
a 0.171 sand was traveling a a speed of 78.4 kmmv/h. The right rear whed lost contact with the
pavement surface at 0.194 s. At 0.220 sthe left front whedl lost contact with the concrete parapet. The
left rear whedl lost contact with the concrete parapet at 0.332 s. The vehicle lost contact with the
trangtion at 0.378 s and was traveling at a speed of 78.0 km/h and an exit angle of 13.7 degrees. The
left rear whedl touched the pavement surface at 0.552 s, and the left front at 0.619 s. The vehicle
remained upright and stable during the collison period and after loss of contact. Brakes on the vehicle
were not applied and the vehicle yawed clockwise, subsequently coming to rest 64.0 m beyond impact
and 25.9 m toward traffic lanes. Sequentia photographs of the test period are shown in gppendix C,
figures 104 and 105.
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Figure 38. Vehicle before test 404211-3.
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Damageto Test Article

The Pennsylvaniatrangtion sustained minima damage as shown in figure 39. Tire marks were
on the face of the W-beam rail e ement and rub rail and both were deformed. The bolt on the rub rail at
post 2 was bent and the bolt was pulled out of the rub rail at post 4. The spacer tube was crushed
28 mm. The space between the spacer tube and the concrete parapet was reduced 5 mm. No
movement was noted in the end termina. Maximum dynamic deflection of the W-beam rail dement was
177 mm. Maximum permanent rail deformation of the W-beam rail eement was 110 mm at post 1 and
the rub rail was deformed 98 mm at post 2. The length of contact of the vehicle with the trandtion was
3.9 m. No apparent cracking was observed in the concrete parapet or dab.

Vehicle Damage

The vehicle sustained damage to the left front as shown in figure 40. Structura damage included
the left front of the frame, left upper and lower A-arms, left tie rod end, stabilizer bar, floor pan and
firewdl. Also damaged were the front bumper, grill, fan, radiator, |eft front and rear quarter panels, left
door and window, |eft front and rear tires and wheel rims. The windshield sustained siress cracks.
Maximum exterior crush of the vehicle was 440 mm at the left front corner a bumper height. The
maximum deformation of the occupant compartment was 117 mm in the center of the floor pan area.
Exterior vehicle crush and occupant compartment measurements are shown in appendix B, tables 37
and 38.

Occupant Risk Factors

In the longitudind direction, occupant impact velocity was 5.5 m/sat 0.100 s, maximum
0.010-sridedown acceleration was -8.5 g’'sfrom 0.111 to 0.121 s, and the maximum 0.050-s average
was -8.8 g's between 0.053 and 0.103 s. In the laterd direction, the occupant impact velocity was
7.4 m/sa 0.100 s, the highest 0.010-s occupant ridedown acceleration was 7.8 g'sfrom 0.112 to
0.122 s, and the maximum 0.050-s average was 12.8 g' s between 0.043 and 0.093 s. These data and
other information pertinent to the test are presented in figure 41. Vehicle angular displacements are
presented in gppendix D, figure 124, and accelerations versus time traces are shown in appendix E,
figures 191 through 201.

Assessment of Test Results

Thefollowing NCHRP Report 350 safety evauation criteriawere used to evauate this crash
test:
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Figure 39. Ingtallation after test 404211-3.
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Figure 40. Vehicle after test 404211-3.
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Figure4l. Summary of results for the Pennsylvania Trangtion test, NCHRP Report 350 test 3-21.
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Reault:

Structural Adequacy

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.

The Pennsylvania transition contained and redirected the 2000P vehicle. The vehicle
did not penetrate, underride, or override the ingtdlation. Maximum lateral deflection
was 177 mm.

I Occupant Risk

D.

Reault:

Reault:

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. Deformation of, or intrusions into, the occupant compartment that could
cause seriousinjuries should not be permitted.

No detached eements, fragments, or other debris were present to penetrate or to
show potentia for penetrating the occupant compartment, or to present undue hazard
to othersinthe area. Maximum deformation of the occupant compartment was

117 mm in the center floor pan area and was judged to not cause seriousinjury.

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

The 2000P vehicle remained upright during and after the collison period.

I Vehicle Tragectory

K.

Reault:

Reault:

After collision it is preferable that the vehicle' s trajectory not intrude into
adjacent traffic lanes.

The 2000P vehicle cameto rest 25.9 m toward traffic lanes, which indicated intrusion
into adjacent traffic lanes.

The occupant impact velocity in the longitudinal direction should not exceed 12
nvs and the occupant ridedown acceleration in the longitudinal direction should
not exceed 20 G's.

Longitudina occupant impact velocity was 5.5 m/s and occupant ridedown
accelerationwas-850's.
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The exit angle from the test article preferably should be less than 60 percent of
the test impact angle, measured at time of vehicle loss of contact with the test
device.

Result: Exit angle at loss of contact with the trangtion was 13.7 degrees, which was

56 percent of the impact angle.

The following supplementa evauation factors and terminology were used for visua assessment

of test results:

o)

(o))

(o))

PASSENGER COMPARTMENT INTRUSION
1. Windshield Intrusion

No windshield contact e. Complete intrusion into
p.  Windshield contact, no damage passenger compartment
c. Windshield contact, no intrusion f. Partid intrusion into passenger
d. Device embedded in windshield, compartment

no significant intrusion
2. Body Panel Intrusion yes or

LOSS OF VEHICLE CONTROL

1. Physical loss of control @Perceived threat to other vehicles

2. Lossof windshield visibility 4. Debrison pavement

After loss of contact with the transition, the vehicle came to rest 25.9 m laterally from
the traffic face of the rail, which indicated intrusion into adjacent traffic lanes and a
percelved threat to other vehicles in those lanes.

PHYSICAL THREAT TO WORKERSOR OTHER VEHICLES

1. Harmful debristhat could injure workersor othersin the area
2. Harmful debristhat could injure occupantsin other vehicles

No debris was present to threaten workers or other vehicles.

VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

a. None d. Magor dentsto grill and body
b. Minor scrapes, scratches or dents pands
c. Significant cosmetic dents é Major structural damage
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2. Windshield Damage

c. Broken, no interference

None
Minor chip or crack

with vighility

d. Broken and shattered, visibility
restricted but remained intact

3. Device Damage

a
b.
C.

None

Superficia

Substantia, but can be
straightened
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e. Shattered, remained intact but
partially didodged

f. Large portion removed

g. Completely removed

Substantial, replacement parts
needed for repair
e. Cannot be repaired




NEBRASKA TRANSITION
(NCHRP REPORT 350 TEST NO. 3-21)

Test Conditions

The test performed on the Nebraska trangition corresponds to NCHRP Report 350 test
designation 3-21. The BARRIER VIl smulation program was used to sdect the CIP for thistest. The
program indicated the CIP to be 1.8 m from the end of the concrete parapet.

Test Article

The Nebraska thrie beam transition consists of 3810 mm of two nested 12-gauge thrie beam
guardrails followed by a 12-gauge W-beam to 12-gauge thrie beam trangtion piece. Thistrandtion
piece connected to 7.62 m of W-beam guardrail that was anchored with aLET End Treatment. The
height of the thrie beam transition was gpproximately 804 mm. The height of the W-beam guardrail was
gpproximately 706 mm. TTI received AutoCAD drawing details for this trangtion from Dr. Ron Faler
with Midwest Roadside Safety Facility in September 1999. TTI recelved additiond drawings from
FHWA Eastern Federa Lands Highway Divison (EFLHD) for the concrete parapet supported by two
drilled shafts in February 2000.

TTI constructed 2.23 m of concrete parapet from details provided to TT1 by EFLHD. This
parapet was 835 mm in height and 350 mm wide. At the guardrail transition end, the parapet tapered
from 350 mm wide to 150 mm over a distance of 630 mm. The parapet was supported by a 600-mm
x 650-mm footing that was supported by two 450-mm-diameter drilled shafts spaced gpproximately
1.35 m gpart. These drilled shafts extended 3.0 m below the footing, which was congtructed flush with
grade. Reinforcement in the parapet conssted of #19 “U” shaped and draight vertical bars at 150 mm
on centers on each face of the parapet. Horizonta reinforcement in the pargpet conssted of eight sets
of overlapping #13 “U” and “V” shaped bars equaly spaced. Reinforcement in the concrete footing
consisted of #13 closed stirrups a 150 mm on centers. These stirrups were not closed in the areas of
the vertical reinforcement for the drilled shafts extending into the footing. Longitudina reinforcement in
the footing consisted of 10 #16 bars ingde the stirrups. Reinforcement for the drilled shafts conssted of
12 #19 bars equaly spaced insde #13 spird reinforcement. The outside diameter of the spira
reinforcement was approximately 300 mm. The #13 spird reinforcement was congtructed with a 45-
mm pitch. The average compressive strength of the paragpet and footing concrete measured 31 MPa
(4500 ps) and 32 MPa (4636 ps), respectively. All reinforcement used in the parapet was bare stedl
(not epoxy coated) and had an approximate yield strength of 420 MPa (60 k). Details of the parapet
are shown on page 1 of figure 42.

The nested thrie beam trangition was attached to the concrete parapet with a 10-gauge thrie
beam termind connector attached to the parapet using five 22-mm diameter ASTM A325 bolts. The
centerline of post 1 was located gpproximately 1220 mm from the end of the parapet. The Nebraska
thrie beam trangtion design incorporates a specid “hidden pos” desgnusnga TS 102 x 102 x 7.9
sted tube that attaches to the end of the parapet and is supported by post 1. This stedl tube supports a
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150-mm x 200-mm x 400-mm wood block that is located 298 mm from the end of the parapet,
which, in turn, supports the nested thrie beam guardrail without the use of an embedded pogt &t this
location. A 112-mm x 250-mm x 13-mm thick A36 sted plate was welded to the end of the tube and
was used to attach the stedl tube to post 1 using two 22-mm-diameter A307 bolts that bolted through
the plate and web of post 1. The stedl tube is supported at the parapet by a sted plate bracket
fabricated from 13-mm-thick plate with a 160-mm-long piece of TS 127 x 127 x 4.8 stedl tube
welded to the plate bracket. The TS 102 x 102 x 7.9 sted tube supporting the “hidden post” blockout
fitsindde the TS 127 x 127 x 4.8 tube welded to the bracket and is bolted with two 19-mm-diameter
A307 balts, 170 mmin length. The sted bracket was attached to the parapet with two 16-mm-
diameter A325 mechanica anchors located on the doped surface of the parapet. In addition, the
bracket was secured with two chemicaly anchored ASTM 193 Grade B7 fully threaded rods
embedded 300 mm at the end of the parapet. These bolts projected out from the end of the parapet
aoproximately 55 mm.

Posts 1 through 5 were spaced approximately 952 mm apart. Between posts 5 and 9 the post
gpacing was approximately 1905 mm. The posts were spaced gpproximately 1905 mm gpart in the
LET end anchorage system. Posts 1 and 2 were W150 x 37 sted posts, approximately 2591 mmin
length, and embedded approximately 1838 mm below grade. Posts 3 through 6 were W150 x 22 stedl
posts, and 2134 mm in length. Pogts 3, 4, 5, and 6 were embedded below grade approximately 1381
mm, 1355 mm, 1406 mm, and 1406 mm, respectively. Posts 7 through 9 were W150 x 13.5 stedl
posts, approximately 1830 mm in length, and embedded approximately 1100 mm below grade.

Wood blockouts were used at posts 1 through 13. Wood blockouts were not required for
posts 14 and 15. For posts 1 through 4, 150-mm x 200-mm x 457-mm long wood blocks were used
between the guardrail and pogts. At posts 5 and 6, 150-mm x 200-mm x 356-mm long wood
blockouts were used between the guardrail and posts. For posts 7 through 9, 150-mm x 200-mm X
356-mm routed wood blockouts were used between the guardrail and posts. Posts 1-4 used two 16-
mm-diameter by 255-mm-long guardrail bolts and nuts to secure the guardrail and blockout to each
post. In addition, posts 5-9 used one 16-mm-diameter by 255-mm-long guardrail bolt and nut to
secure the guardrail and blockout to each post. Longer 16-mm-diameter bolts (460 mm) were used for
the wood postsin the LET end anchorage system. All posts were embedded in compacted NCHRP
Report 350 standard soil with the moisture content within 4% +/- of optimum moisture content of the
materid. Additiona detail drawings are shown on pages 2 and 3 of figure 42. Photographs of the
completed test ingalation are shown in figure 43.

Soil and Weather Conditions

The crash test was performed the morning of May 16, 2000. Seven days prior to the test
38 mm of rainfall was recorded, and four days prior to the test 10 mm
of rainfall was recorded. Soil moisture content was 5.6 percent, 7.0 e Hresnon L 90°

vahivle Mxed ae

percent, and 8.6 percent at posts 1, 3, and 5, respectively. Weather ;"“ F— = .
conditions a the time of testing were as follows: wind speed: 24 - ( o Wi
knmvh; wind direction: 15 degrees with respect to the vehicle (vehicle — r -

was traveling in a southeasterly direction); temperature: 32EC;
relative humidity: 55 percent.
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Test Vehicle

A 1995 Chevrolet 2500 pickup truck, shown in figure 44, was used for the crash test. Test
inertiaweight of the vehicle was 2000 kg, and its gross static weight was 2075 kg. The height to the
lower edge of the vehicle front bumper was 370 mm and to the upper edge of the front bumper was
590 mm. Additiond dimensions and information on the vehicle are given in appendix B, figure 86.

Impact Description

The 2000P vehicle traveling at 99.6 km/h impacted the trangition 1.93 m from the end of the
parapet at an impact angle of 24.6 degrees. Shortly after impact, posts 1 and 2 moved. At 0.022 sthe
left front whed steered away from the rail and the vehicle began to redirect. At 0.027 s post 3 moved.
The left front tire was traveling pardld with theral & 0.037 s and began to angle under the rail eement
at 0.039 s. At 0.066 s movement was noted in the concrete parapet and at 0.095 s the eft front tire
contacted the end of the parapet. The dummy’ s head contacted the door glass at 0.120 s, but the glass
did not break. The vehicle became pardld with therail a 0.174 sand was traveling at a speed of
8.6 kmv/h. The left rear of the vehicle impacted therail at 0.186 s. At 0.298 sthe vehicle lost contact
with the trangtion and was traveling 78.3 km/h and an exit angle of 6.8 degrees. Asthe vehicle exited
the trangtion both rear whedls were airborne. The |eft rear tire touched ground at 0.657 s. Brakes on
the vehicle were applied at 1.75 s after impact, the vehicle yawed counterclockwise, and subsequently
cameto rest 75 m downstream from impact and 6 m forward of the front face of the trangtion.
Sequentia photographs of the test period are shown in appendix C, figures 106 and 107.

Damageto Test Article

The Nebraska thrie beam transition sustained minimal damage as shown in figure 45. No
movement was noted in the end termind. Posts 4 and 5 were disturbed, post 3 moved rearward 4 mm,
and post 2 was pushed rearward 20 mm. The corner of the blockout at post 1 was missing and the
post was pushed back 15 mm. The pipe spacer between the parapet and rail element was crushed 25
mm and the parapet base was disturbed 2 mm. Tire marks were on the flare of the parapet and cracks
in the end of the parapet radiated from the bolts connecting the thrie beam. Length of contact of the
vehicde with the trangtion was 3.07 m. Maximum dynamic deflection of the rail eement during the test
was 82 mm and maximum permanent deformation was 24 mm, both occurring a post 2.
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Figure 44. Vehicle before t 404211-7.
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Figure 45. Ingtallation after test 404211-7.



Vehicle Damage

Moderate damage was imparted to the 2000P vehicle as shown in figure 46. The following
vehicle components received structural damage: the frame at the | eft front, steering arm, stabilizer bar,
left Sde rod ends, left upper and lower A-arms, and left front spindle, rotor and tire. Also damaged
were the front bumper, fan, radiator, |eft front quarter-pand, Ieft door, left Sde of the bed, and the left
rear rim. The floor pan and firewal were deformed and the seam where the floor pan and firewall
connect were separated. Maximum exterior crush to the left front corner was 400 mm. Maximum
interior deformation was 129 mm at the left Sde floor pan area. Exterior vehicle crush and occupant
compartment measurements are shown in appendix B, tables 39 and 40.

Occupant Risk Factors

In the longitudind direction, occupant impact velocity was 5.0 m/s at 0.100 s, maximum
0.010-s ridedown acceleration was -13.9 g's from 0.114 to 0.124 s, and the maximum 0.050-s
average was-8.2 g’ s between 0.050 and 0.100 s. In the latera direction, the occupant impact velocity
was 8.1 m/s at 0.100 s, the highest 0.010-s occupant ridedown acceleration was 11.9 g'sfrom 0.114
t0 0.124 s, and the maximum 0.050-s average was 12.5 g’ s between 0.050 and 0.100 s. These data
and other information pertinent to the test are presented in figure 47. Vehicle angular displacements are
presented in gppendix D, figure 125, and accel erations versus time traces are shown in appendix E,
figures 202 through 212.

Assessment of Test Results

Thefollowing NCHRP Report 350 safety evauation criteriawere used to evauate this crash
test:

1 Structural Adequacy
i. 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.
Reault: The Nebraska thrie beam transition contained and redirected the vehicle with
minima deformation of the rail e ement. The 2000P vehicle did not penetrate,
underride, or override the ingdlation.

I 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
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Figure 46. Vehicle after test 404211—.
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TRANSITION ELEVATIDN
General Information Impact Conditions Test Article Deflections (m)
TestAgency ............ Texas Transportation Institute Speed (km/h) ................ 99.6 Dynamic ................ 0.08
TestNo. ............... 404211-7 Angle(deg) ................. 24.6 Permanent .............. 0.02
Date .................. 05/17/00 Exit Conditions Vehicle Damage
Test Article Speed (km/h) ........ ... ... 78.3 Exterior
Type .. Transition Angle(deg) ................. 6.8 VDS ... 11LFQ4
Name ................. Nebraska Thrie Beam Transition Occupant Risk Values CDC ... ..o 11FLEKS
Installation Length (m) .... 22.2 Impact Velocity (m/s) & 11LDEW3
Material or Key Elements . Nested Thrie Beam x-direction ................ 5.0 Maximum Exterior
on Steel Posts with Wood Blockouts y-direction ................ 8.1 Vehicle Crush (mm) .. ... 400
Soil Type and Condition . Standard Soil, Dry THIV (km/h) ... 33.0 Interior
Test Vehicle Ridedown Accelerations (g's) OCDI ... FS02000000
Type ... Production x-direction . ............... -13.9 Max. Occ. Compart.
Designation ............ 2000P y-direction . ............... 11.9 Deformation (mm) ...... 129
Model ................. 1995 Chevrolet 2500 Pickup Truck PHD(@'S) ..« ov i 18.8 Post-impact Behavior
Mass (kg) ASI 1.82 (during 1.0 s after impact)
Curb................. 1932 Max. 0.050-s Average (g's) Max. Yaw Angle (deg) . . . ... 41
Test Inertial .......... 2000 x-direction ................ -8.2 Max. Pitch Angle (deg) .. ... -5
Dummy .............. 75 y-direction . ............... 12.5 Max. Roll Angle (deg) ... ... -23
Gross Static .......... 2075 z-direction . ............... -11.2

Figure 47. Summary of results for Nebraska Trangtion test, NCHRP Report 350 test 3-21.




Reault:

Reault:

K.

Reault:

Reault:

Reault:

present an undue hazard to other traffic, pedestrians, or personnel in a
work zone. Deformation of, or intrusions into, the occupant compartment
that could cause serious injuries should not be permitted.

No detached € ements, fragments, or other debris were present to penetrate or
to show potentia for penetrating the occupant compartment, or to present
undue hazard to othersin the area. The floor pan and firewall were deformed
and the seam where the floor pan meets the firewall was separated. Maximum
occupant compartment deformation was 129 mm and damage to the interior
was judged to not cause seriousinjury.

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

The vehicle remained upright during and after the collison period.

Vehicle Trajectory

After collision it is preferable that the vehicle strajectory not intrude into
adjacent traffic lanes.

Intrusion into adjacent traffic lanes was minimd, i.e,, the vehicle cameto rest 6
m forward from the face of the trangtion.

The occupant impact velocity in the longitudinal direction should not
exceed 12 m/s and the occupant ridedown acceleration in the longitudinal
direction should not exceed 20 G's.

Longitudina occupant impact velocity was 5.0 m/s and longitudina ridedown
acceleration was-13.9¢'s.

The exit angle from the test article preferably should be less than 60
percent of the test impact angle, measured at time of vehicle loss of
contact with the test device.

Exit angle at loss of contact was 6.8 degrees, which was 28 percent of the
impact angle.

The following supplementa evauation factors and terminology were used for visua assessment

of test results:
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PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

No windshield contact
. Windshield contact, no damage
c. Windshidd contact, no intrusion
d. Device embedded in windshield,
no significant intrusion

2. Body Panel Intrusion

LOSSOF VEHICLE CONTROL
@thsical loss of control
2. Lossof windshield visibility

e. Complete intruson into
passenger compartment

f. Partia intrusion into passenger
compartment

yes or

3. Perceived threat to other vehicles

4. Debrison pavement

PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1. Harmful debristhat could injure workersor othersin the area

2. Harmful debristhat could injure occupantsin other vehicles

No debris present.

VEHICLE AND DEVICE CONDITION
1. Vehicle Damage

a None
b. Minor scrapes, scratches or dents
c. Significant cosmetic dents

2. Windshield Damage
None

Minor chip or crack

c. Broken, nointerference
with vishility

d. Broken and shattered, visibility
restricted but remained intact

3. Device Damage

a None
Superficial (rail element)
T Subgtantid, but can be
straightened
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d. Mgor dentsto grill and body
panels
Major structural damage

e. Shattered, remained intact but
partidly didodged

f. Large portion removed

g. Completely removed

@ Substantial, replacement parts
needed for repair (parapet)
e. Cannot be repaired




CONNECTICUT TRANSITION
(NCHRP REPORT 350 TEST NO. 3-21)

Test Conditions

NCHRP Report 350 test designation 3-21 was performed on the Connecticut trangition. The
BARRIER VII program indicated the CIP to be 2.0 m from the end of the concrete parapet.

Test Article

The Connecticut R-B 350 guiderail transtion consists of 3810 mm of two nested W-beam
guardrails blocked out from the end of the pargpet using a 150-mm-diameter spacer pipe followed by
3810 mm of single W-beam guardrail. In addition, the trangition incorporates a “flared-back” C150
rubrail and a 100-mm-high asphdt curb. The height of the W-beam guardrail used in this trandtion was
goproximately 706 mm from the pavement surface. The height of the rubrail from the pavement surface
was gpproximately 305 mm. TTI received a drawing from Connecticut DOT entitled “ Standard R-B
350 Bridge Attachment, Drawing Number M910.04.” TTI incorporated the details provided from this
drawing to congtruct the field test ingtallation for this project. TTI received al the hardware to construct
this trangtion from Trinity Industries, Fort Worth, Texas.

TTI congtructed 5 m of Connecticut Jersey shape barrier from details provided to TTI by
ConnDOT. This barrier was 815 mm in height and 580 mm in width at the base and trangitioned to 300
mm in width at the top of the parapet. The parapet was anchored below grade by a 580-mm-wide
footing embedded 1895 mm below grade and extended the full length of the parapet. Vertica
reinforcement for the parapet consisted of #16 “U-Shaped” Bars spaced at 300 mm on centers.
Longitudina reinforcement in the pargpet consisted of eight #16 longitudina reinforcing bars. The end
of the parapet was constructed with a 2.5(H) to 1.0(V) taper at the top. The concrete used to construct
the concrete parapet had an average concrete compressive strength of 4483 ps 30 days after
congtruction.

The trangtion was attached to the concrete parapet with a 10-gauge W-beam termina
connector attached to the parapet using five 22-mm-diameter ASTM A449 fully threaded rods. These
threaded rods were 300 mm long and were chemically anchored insde 25-mm-diameter holes drilled
into the pargpet. The end of the termina connector was located approximately 2150 mm from the end
of the parapet. The rubrail was attached to the parapet usng three 16-mm-diameter ASTM A449 fully
threaded rods. These threaded rods used for the rubrail were 150 mm long and were chemicaly
anchored ingde 19-mm-diameter holes drilled into the parapet. The end of the rubrail was located
gpproximately 1291 mm from the end of the parapet.

The firgt two posts (posts 1 and 2) used in the transition were two W200x19 sted posts. These
posts were each 2290 mm in length. Posts 1 and 2 were embedded approximately 1560 mm below
grade. The remaining pogts used in the trangition (posts 3 through 9) and the posts used for the
guardrail length of need were W150x13 sted posts, 1830 mm in length. These posts were embedded
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approximately 1100 mm below grade. Post 1 was located gpproximately 300 mm from the end of the
concrete parapet. Between posts 1 and 5, the posts were spaced approximately 476 mm apart.
Between posts 5 and 9, the posts were spaced approximately 952 mm apart. Between posts 9 and 13
(W-beam guardrail length of need), the posts were spaced 1905 mm apart. A LET guardrail end
treatment was used beyond the length of need to anchor and protect the end of the W-beam guardrail.

The W-beam guardrail was blocked out from the concrete parapet at approximately 145 mm
from the end of the pargpet with a 150 mm diameter, schedule 40 stedl spacer tube, 230 mm in length.
The W-beam guardrail was blocked out from the stedd posts with 150 mm x 200 mm routed wood
blocks, 360 mm in length.

The rubrail used conssted of atwo-piece rubrail mounted 230 mm from the pavement surface
to the rubrail centerline. The smaler rubrail piece, which connected to the concrete parapet, was
fabricated from C150x12 steed channd gpproximately 1595 mm in length. This portion of the rubralil
extended from the connection of the concrete parapet to post 1. At post 1, the rubrail was spliced using
abent plate rubrail that extended from post 1 to the field Sde face of post 6. The rubrail was blocked
out from the concrete parapet at approximately 134 mm from the end of the parapet with a doped
114-mm-long by 90-mm-wide wood block. This block was doped to match the shape of the concrete
parapet. At posts 1 through 4, 180-mm-long by 100-mm-wide wood blocks were used to block out
the rubrail from the sted posts. The thickness of these blockouts varied from 108 mm to 25 mm
between posts 1 through 4 due to the flaring back of the rubrail. No blockout was required at post 5.
The rubrail flared behind post 6 and was not attached.

An asphdt curb was congtructed as part of this trangtion ingtdlation. The curb was 100 mmiin
height, 180 mm wide &t the base, and 75 mm &t the top. The curb was constructed with an 80-mm
doped face. The base of the curb was constructed flush with the base of the parapet and doped toward
the roadway on a 20(H) to 1(V) dope until the face of the curb was even with the face of the W-beam
guardrall. The face of the curb remained even with the guardrail for the remainder of the curb
ingdlation. Detalled drawings are provided in figure 48. Photographs of the completed indalation as
tested are shown in figure 49.

Soil and Weather Conditions

The crash test was performed the morning of April 6, 2000. Eight days before the test 10 mm
of rainfall was recorded and atotal of 33 mm of rainfal was recorded four days prior to the test.
Moisture content of the NCHRP Report 350 standard soil in which e
the transition was ingtalled was 5.5 percent, 9.0 percent, and 9.8 e erpastin B { %
percent at posts 1, 3, and 5, respectively. Wesather conditions at the :]"_""" F— =
time of testing were asfollows wind speed: 11 krvh; wind direction:  — (

85 degrees with respect to the vehicle (vehicle was traveling in an
eadterly direction); temperature: 22EC; rdative humidity:
55 percent.
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Figure 49. Connecticut trangtion prior to test 404211-9.
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Test Vehicle

A 1995 Chevrolet 2500 pickup truck, shown in figure 50, was used for the crash test. Test
inertiaweight of the vehicle was 2000 kg, and its gross static weight was 2075 kg. The height to the
lower edge of the vehicle front bumper was 370 mm and to the upper edge of the front bumper was
590 mm. Additiond dimensions and information on the vehicle are given in appendix B, figure 87.

Impact Description

The 2000P pickup truck, traveling at 100.8 km/h, impacted the Connecticut transtion 1.96 m
from the end of the concrete parapet at a 25.6-degree angle. Shortly after impact, the left front tire
contacted the rubrail. The left and right front wheels steered away from the rail eement at 0.029 sand
the vehicle began to redirect at 0.051 s. The dummy contacted the driver’ s Sde window, and the
window glass shattered at 0.099 s. By 0.106 s, the right front tire lost contact with the ground, and by
0.175 s, the rear |eft Sde of the vehicle contacted therail eement. At 0.186 s, the vehicle was traveling
parale with the trangtion at a speed of 80.3 km/h, and at 0.187 s, the right rear tire lost contact with
the ground. The left rear tire lost contact with the ground at 0.285 s. The vehicle lost contact with the
trangtion at 0.299 s, and was traveling at a speed of 77.0 kmvh and an exit angle of 3.7 degrees. The
left rear, right front, and right rear tires returned to the ground surface at 0.858 s, 0.920 s, and 0.933 s,
respectively. Brakes on the vehicle were applied at 1.55 s, the vehicle yawed clockwise and
subsequently came to rest 61.7 m down from impact and 27.4 m laterdly from the traffic face of the
rail. Sequential photographs of the test period are shown in appendix C, figures 108 and 109.

Damageto Test Article

Moderate damage was imparted to the trangition as shown in figure 51. Tire marks were on the
face of the W-beam rail lement and rub rail and both were deformed. The blockouts a posts 2 and 3
were rotated and the blockout at post 4 was fractured on one corner. The pipe insert was crushed
10 mm. The lower bolt on the connection to the parapet was partidly pulled out. No movement was
noted in the end termina. Maximum dynamic deflection of the W-beam rail dement was 77 mm.
Maximum permanent rail deformation of the W-beam rail dement was 68 mm a post 2 and the rubrall
was deformed 45 mm at post 2. The length of contact with the trangition was 2.9 m.
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Figure 50. Vehic oe test 404211-9.
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Figure 51. Ingtallation after test 404211-9.
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Vehicle Damage

The vehicle sustained structurd damage to the left front as shown in figure 52. Structura
damage included the left front of the frame, left upper and lower A-arms, |eft inner and outer tie rods,
seering am, stabilizer bar, floor pan, and firewall. Also damaged were the front bumper, hood, grill,
fan, radiator, |eft front quarter pand, left door, |eft rear quarter pand, and the left front tire and whed
rim. The windshield sustained stress cracks. Maximum exterior crush of the vehicle was 430 mm at the
left front corner at bumper height. The maximum deformation of the occupant compartment was 130
mm in the center floor pan areaand 124 mm in the center firewd| area. Exterior vehicle crush and
occupant compartment measurements are shown in appendix B, tables 41 and 42.

Occupant Risk Factors

In the longitudind direction, occupant impact velocity was 4.9 m/s at 0.099 s, maximum
0.010-s ridedown acceleration was -11.4 g's from 0.103 to 0.113 s, and the maximum 0.050-s
average was -10.1 g's between 0.040 and 0.090 s. In the lateral direction, the occupant impact
velocity was 7.0 m/s at 0.099 s, the highest 0.010-s occupant ridedown acceleration was 17.2 g's from
0.212 t0 0.222 s, and the maximum 0.050-s average was 12.6 g's between 0.026 and 0.076 s. These
data and other information pertinent to the test are presented in figure 53. Vehicle angular
displacements are presented in appendix D, figure 126, and accelerations versus time traces are shown
in gppendix E, figures 213 through 223.

Assessment of Test Results

Thefollowing NCHRP Report 350 safety evauation criteriawere used to evauate this crash
test:

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.

Result:  The Connecticut trandtion contained and redirected the 2000P vehicle. The vehicle
did not penetrate, underride, or override the ingtdlation. Maximum laterd deflection
was 77 mm.

I 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. Deformation of, or intrusions into, the occupant compartment that could
cause serious injuries should not be permitted.
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Figure 52. VicIe aft test 1-9. |
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0.000 s

General Information
N TestAgency ............
TestNo. ...............
Date ..................
Test Article

Installation Length (m) . . ..
Material or Key Elements .

Soil Type and Condition .
Test Vehicle
Type . ...
Designation ............
Model .................
Mass (kg)
Curb........... ...
Test Inertial ..........
Dummy ..............
Gross Static ..........

Impact Conditions

Texas Transportation Institute Speed (km/h) ........ ... 100.8
404211-9 Angle(deg) ................. 25.6
04/06/00 Exit Conditions
Speed (km/h) . ...l 77.0
Transition Angle(deg) ................. 3.7
Connecticut Transition Occupant Risk Values
26.7 Impact Velocity (m/s)
W-beam Rail with Rubrail Attached to Connectidirection . ............... 4.9
Jersey Shape Parapet y-direction . ............... 7.0
Standard Soil, Dry THIV (km/h) ... 31.0
Ridedown Accelerations (g's)
Production x-direction . ............... 114
2000P y-direction . ............... 17.2
1995 Chevrolet 2500 Pickup Truck PHD(@'S) ..« ov i 18.6
ASl 1.68
1940 Max. 0.050-s Average (g's)
2000 x-direction ................ -10.1
75 y-direction . ............... 12.6
2075 z-direction . ............... -7.0

Test Article Deflections (m)

Dynamic ................ 0.077
Permanent .............. 0.068
Vehicle Damage

Exterior

VDS ..o 11LFQ4

CDC ... 11FLEK3

& 11LDEW3

Maximum Exterior

Vehicle Crush (mm) ... .. 430
Interior

OCDI ... LF0212100
Max. Occ. Compart.

Deformation (mm) ...... 130

Post-impact Behavior
(during 1.0 s after impact)

Max. Yaw Angle (deg) . . . ... 35
Max. Pitch Angle (deg) . . ... -7
Max. Roll Angle (deg) ... ... -28

Figure 53. Summary of results for the Connecticut Trangition test, NCHRP Report 350 test 3-21.




Reault:

Reault:

K.

No detached € ements, fragments, or other debris were present to penetrate or
to show potentia for penetrating the occupant compartment, or to present
undue hazard to others in the area. Maximum deformation of the occupant
compartment was 130 mm in the center floor pan area and was judged to not
cause serious injury.

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

The 2000P vehicle remained upright during and after the collision period.

Vehicle Trajectory

After collision it is preferable that the vehicle strajectory not intrude into
adjacent traffic lanes.

Reault: The 2000P vehicle cameto rest 27.4 m toward traffic lanes, which indicated intrusion
into adjacent traffic lanes.

L.

Reault:

Reault:

The occupant impact velocity in the longitudinal direction should not
exceed 12 m/s and the occupant ridedown acceleration in the longitudinal
direction should not exceed 20 G's.

Longitudina occupant impact velocity was 4.9 m/s and occupant ridedown
acceleration was-11.4g's.

The exit angle from the test article preferably should be less than 60
percent of the test impact angle, measured at time of vehicle loss of
contact with the test device.

Exit angle at loss of contact with the transition was 3.7 degrees, which was 14
percent of the impact angle.

The following supplementa evauation factors and terminology were used for visua assessment

of test results:

o PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

. No windshield contact e. Complete intrusion into
Windshield contact, no damage passenger compartment
c. Windshield contact, no intrusion f. Partid intrusion into passenger
d. Device embedded in windshield, compartment

no significant intruson

2. Body Panel Intrusion yes or
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LOSS OF VEHICLE CONTROL

1. Physical loss of control @ Per ceived threat to other vehicles
2. Lossof windshield visibility 4. Debrison pavement

After loss of contact with the trangition, the vehicle came to rest 27.4 m lateraly from
the traffic face of the rail, which indicated intrusion into adjacent traffic lanes and
perceived threat to other vehiclesin those lanes.

PHYSICAL THREAT TO WORKERSOR OTHER VEHICLES
1. Harmful debristhat could injure workersor othersin the area
2. Harmful debristhat could injure occupantsin other vehicles

No debris was present to threaten workers or other vehicles.

VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

a. None d. Magor dentsto grill and body
b. Minor scrapes, scratches or dents pands
c. Significant cosmetic dents Major structural damage
2. Windshield Damage
None e. Shattered, remained intact but
p.  Minor chip or crack partidly disodged
c. Broken, no interference f. Large portion removed
with vighility g. Completely removed

d. Broken and shattered, visihility
restricted but remained intact

3. Device Damage

a None Substantial, replacement parts

b. Superficia needed for repair

C. Substantial, but can be e Cannot be repaired
straightened
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LONGITUDINAL BARRIERS

According to NCHRP Report 350, two crash tests are required for evaluation of longitudina
barriersto test leve three (TL-3): 1) NCHRP Report 350 test designation 3-10: an 820-kg passenger
car impacting the CIP in the length of need of the longitudinal barrier at anominal speed and angle of
100 km/h and 20 degrees. The purpose of thistest isto evauate the overal performance of the length
of need section in generd, and occupant risksin particular and 2) NCHRP Report 350 test designation
3-11: a 2000-kg pickup truck impacting the CIP in the length of need of the longitudina barrier at a
nomina speed and angle of 100 km/h and 25 degrees. The test is intended to eva uate the strength of
the section for containing and redirecting the pickup truck.

NCHRP Report 350 test 3-11 was performed on dl but one of the longitudind barriers. The
modified thrie beam guardrail was tested to test level four (4-12), which included the 8000-kg single-
unit truck impacting the length of need at a nomina speed and angle of 80 km/h and 15 degrees.

MB1 (WSDOT) MEDIAN CABLE BARRIER
(NCHRP REPORT 350 TEST NO. 3-11)

Test Conditions

The test performed on the Washington State DOT (WSDOT) median cable barrier
corresponds to NCHRP Report 350 test designation 3-11. The CIP for this test was determined using
information contained in NCHRP Report 350 and accordingly was determined to be at post 11.

Test Article

A 145-m-long 3-strand cable barrier was constructed for full-scae crash testing. The length of
need was congtructed using details of the Washington 3-strand cable barrier (figure 54) and the
terminas used details of the New Y ork Cable Termind (figure 55). The ingtdlation was constructed on
level terrain and the posts were indaled in NCHRP Report 350 standard soil. Ingdlation height of the
top cable was 770 mm from the ground surface to the top of the upper cable. The posts were S75 x
8.5 x 1.6 m and spaced 5.0 m on-center. The three cables were each 19 mm in diameter, spaced 120
mm gpart and manufactured in accordance with American Association of State Highway Trangportation
Officias (AASHTO) M-30, Typel, Class A coating. All cable ends were fitted with open end wedge
type cable socket fittings. Each cable end was attached to a standard turnbuckle assembly and bolted
to a breskaway anchor angle and anchored rigidly to a concrete footing. Additionally, the last post on
each end of the ingallation was anchored in a concrete footing and made frangible by adip base
connection. The concrete footing for the cable anchor termina, shown on page 2 of figure 55, and the
last post (each integral unit) were constructed in two units that mated together with a tongue and
groove. Each unit measured 660 mm by 1005 mm at the top and tapered to 725 mm by 1150 mm at
the bottom. The height of the footing along the centerline of the post and termina was 990 mm. The
tops of the termina units were congtructed on a 6:1 dope. The units were connected together by an
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integra key way measuring 50 mm by 100 mm at the bottom and 50 mm by 150 mm at the top. The
last post flared back from the tangent atota distance of 1200 mm over atota distance of 7500 mm to
the first post. On one end of each of the cables, adjacent to the standard turnbuckle, a spring cable end
assembly was attached. The spring cable assembly consisted of the standard turnbuckle with 305 mm
of take-up, a 20-mm diameter threaded stedl rod on each end, and a spring compensating device on
one end. The spring compensating device had a spring rate of 80 + 8 N/mm and atotal minimum throw
of 150 mm minimum. For the temperature conditions present just prior to the time of the crash test, the
Spring compensator was compressed 54 mm. Intermediate anchors were not used. Construction details
are shown in figures 54 and 55. Photographs of the completed ingtalation as tested are shown in figure
56.

Soil and Weather Conditions

The crash test was performed the morning of February 16, 2000. No rainfall was recorded for
the 10 days prior to the test. Soil moisture content was 7.4 percent, 10.6 percent, and 7.9 percent at
posts 11, 12, and 13, respectively. Westher conditions at the time of o
testing were asfollows: wind speed: 10 km/h; wind direction: 180 v ewaaen = %0
degrees with respect to the vehicle (vehicle was traveling northerly e
direction); temperature: 25EC; reative humidity: 60 percent. -

Test Vehicle

A 1995 Chevrolet 2500 pickup truck, shown in figure 57, was used for the crash test. Test
inertiaweight of the vehicle was 2000 kg, and its gross static weight was 2000 kg. The height to the
lower edge of the vehicle front bumper was 400 mm and to the upper edge of the front bumper was
620 mm. Additiond dimengons and information on the vehicle are given in appendix B, figure 88.

Impact Description

The 2000P vehicle, traveling at a speed of 101.4 km/h, impacted the Washington 3-strand
cable barrier at post 11 at an angle of 24.8 degrees. At 0.039 s, the l€eft front corner of the vehicle
lightly contacted post 11, and at 0.041 s, post 11 moved. The lower cable detached from post 11 at
0.068 sand at 0.071 s, post 12 moved. At 0.073 s, the upper cable detached from post 11, and at
0.096 s, the vehicle began to redirect. By 0.114 s, the lower cable detached from post 12, and by
0.122 s, the upper cable detached from post 12. The lower and upper cables detached from post 10 at
0.124 sand 0.146 s, respectively. At 0.164 s, the lower cable detached from post 3, and at 0.166 s,
the middle cable rode over the top of post 12. The l€eft front bumper contacted at post 12 at 0.188 s,
and at 0.190 s, post 13 moved. The right front tire contacted post 12 and the upper cable detached
from post 13 at 0.193 s. By 0.217 s, the lower cable detached from post 14, and by 0.222 s, post 12
rotated in the ground. At 0.239 s, the middle cable detached from al posts downstream, and at
0.243 s, the upper cable detached from post 14. The I€ft front tire rode over the lower cable on the
ground, and the lower cable detached from post 15 at 0.251 s. The middle cable rode over the top of
post 13 and the upper cable detached from post 15 at 0.283 s.
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Figure 56. Washington 3-strand cable barrier with New Y ork termina prior to test 404211-8.
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Figure 57. Vehicle before test 404211-8.
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By 0.299 s, the lower cable detached from post 16, and by 0.314 s, the middle cable detached at
post 14 and post 14 moved. The upper cable detached from post 16 at 0.365 s, and at 0.370 s, the
lower cable broke away from post 17. The middle cable rode over the top of posts 11 and 14 at
0.382 sand 0.391 s, respectively. The middle cable detached at post 15 at 0.412 s, and at 0.417 s,
post 15 moved. By 0.425 s, the upper cable detached from post 17, and by 0.449 s, post 16 moved.
The vehicle began to travel pardld with the test ingtalation at 0.464 s and was traveling at a speed of
83.6 km/h. The middle cable rode over the top of post 15 at 0.465 s. At 0.536 s, the middle cable
detached from post 16, and at 0.561 s, the front wheels began to steer toward the cable barrier. The
middle cable rode over the top of post 16 and post 17 began to deform toward the field side of the
ingtalation at 0.653 s. By 0.665 s, the vehicle began to yaw toward the cable barrier, and by 0.819 s,
the middle cable rode over the top of post 17. At 0.970 s, the vehicle began to be pulled sdeways
toward the podts, and a 1.613 s, the vehicle was again pardld with the ingdlation. The side of the
vehicle contacted post 18 at 1.705 s, and at 1.895 s, the front bumper made contact with the post.
The vehicle, traveling parale with the ingtalation, then yawed toward therall. At this point, 65 percent
of the vehicle was estimated to be on the back side of the posts at 2.550 s. The vehicle stopped moving
forward a 3.915 s, and at 4.035 s, the front whedls of the vehicle straighten as the vehicle began
moving backwards. The vehicle stopped moving a 5.547 s. Brakes on the vehicle were not applied
and the vehicle subsequently came to rest on top of post 22. Sequentia photographs of the test period
are shown in appendix C, figures 110 and 111.

Damageto Test Article

Other than damage to the posts, damage to the Washington 3-strand cable barrier was minima
as shown in figure 58. The upstream anchor had minor stress cracks radiating from the anchor boltsin
the concrete footing. Post 1 moved 670 mm longitudindly downstream. Posts 2 through 9 were
disturbed and posts 10 through 15 were displaced 25 mm, 13 mm, 40 mm, 45 mm, 15 mm, and
40 mm, respectively. Pogts 11 through 17 were rotated and post 12 was torn on the flange above the
s0il plate. The downstream anchor moved 5 mm longitudinally upstream. The cables were dack
throughout the length of the ingtalation. Maximum dynamic deflection during the test was 3.4 m.

Vehicle Damage

The vehicle sustained minor damage as shown in figure 59. There were scuff marks on the left
front and rear quarter pandls and left door. In addition, the left front and rear tires were cosmetically
damaged. Maximum exterior crush to the vehicle was 320 mm above the front bumper at the | eft front
corner. No deformation or intrusion into the occupant compartment occurred from the impact with the
cable barrier. Exterior vehicle crush and occupant compartment measurements are shown in appendix
B, tables 43 and 44.
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Upstream anchor

Figure 58. Ingtdlation after test 404211-8.
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Figure 59. Vehicle after test 404211-8.
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Occupant Risk Factors

In the longitudind direction, occupant impact velocity was 2.2 m/s at 0.240 s, maximum
0.010-sridedown acceleration was -2.7 g's from 0.546 to 0.556 s, and the maximum 0.050-s average
was -1.6 g's between 0.137 and 0.187 s. In the laterd direction, the occupant impact velocity was
29 m/sat 0.240 s, the highest 0.010-s occupant ridedown acceleration was 4.9 g's from 0.360 to
0.370 s, and the maximum 0.050-s average was 2.1 g's between 0.348 and 0.398 s. These data and
other information pertinent to the test are presented in figure 60. Vehicle angular displacements are
presented in appendix D, figure 127, and accel erations versus time traces are shown in appendix E,
figures 224 through 234.

Assessment of Test Results

Thefollowing NCHRP Report 350 safety evaluation criteriawere used to eval uate this crash
test:

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.

Reault:  The Washington 3-strand cable barrier contained and redirected the 2000P vehicle.
Maximum dynamic deflection of the barrier was 3.4 m.

I Occupant Risk

D. Detached elements, fragments or other debris fromthe 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. Deformation of, or intrusions into, the occupant compartment that could
cause serious injuries should not be permitted.

Result:  No detached elements, fragments, or debris were present to penetrate or to show
potentia for penetrating the occupant compartment, or to present undue hazard to
othersinthearea. No deformation or intrusion of the occupant compartment
occurred.

F.  Thevehicle should remain upright during and after collision although moderate
roll, pitching and yawing are acceptable.

Result:  The vehicle remained upright during and after the collison period.
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General Information Impact Conditions Test Article Deflections (m)
W TestAgency ............ Texas Transportation Institute Speed (km/h) ... ... 101.4 Dynamic ................ 34
TestNo. ............... 404211-8 Angle(deg) ................. 24.8 Permanent .............. 0.7
Date .................. 02/16/00 Exit Conditions Vehicle Damage
Test Article Speed (km/h) ........ .. L. Stopped Exterior
Type ... Cable Barrier Angle(deg) ................. N/A VDS .. ... 11LFQ2
Name ................. WSDOT Cable Rail with NY terminal Occupant Risk Values CDC ... 11FLEK2
Installation Length (m) . ... 145.0 Impact Velocity (m/s) & 11L DEW2
Material or Key Elements . 3 Strand Wire Cable, Top at 770 mm, with NewdiYeckion ................ 2.2 Maximum Exterior
Cable Terminal y-direction ................ 2.9 Vehicle Crush (mm) ..... 320
Soil Type and Condition . Standard Soil, Dry THIV (km/h) ... L 12.0 Interior
Test Vehicle Ridedown Accelerations (g's) OCDI ...t FS0000000
Type ... Production x-direction ................ 2.7 Max. Occ. Compart.
Designation ............ 2000P y-direction ................ 49 Deformation (mm) ...... 0
Model ................. 1994 Chevrolet 2500 Pickup Truck PHD(@'S) .. oo 5.2 Post-Impact Behavior
Mass (kg) ASI 0.26 (during 1.0 s after impact)
Curb................. 1932 Max. 0.050-s Average (g's) Max. Yaw Angle (deg) . . . ... 18
Test Inertial .......... 2000 x-direction ................ -1.6 Max. Pitch Angle (deg) . . ... 3
Dummy .............. No dummy y-direction . ............... 2.1 Max. Roll Angle (deg) ... ... -3
Gross Static .......... 2000 z-direction . ............... 1.2

Figure 60. Summary of resuilts for WSDOT Cable Barrier test, NCHRP Report 350 test 3-11.




! Vehicle Trajectory

K. After collision it is preferable that the vehicle strajectory not intrude into
adjacent traffic lanes.

Result: The vehicle did not intrude into adjacent traffic lanes. Find rest of the vehicle was over
post 22.

L. The occupant impact velocity in the longitudinal direction should not
exceed 12 m/s and the occupant ridedown acceleration in the longitudinal
direction should not exceed 20 G's.

Reault: The longitudina occupant impact velocity was 2.2 nv/s and ridedown
acceleration was-2.7 g's.

M. The exit angle from the test article preferably should be less than 60
percent of the test impact angle, measured at time of vehicle loss of
contact with the test device.

Reallt: The vehicle did not exit the test ingdlation.

Thefollowing supplemental evauation factors and terminology were used for visua assessment
of test reaults:

o PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

@ No windshield contact e. Complete intruson into
p.  Windshield contact, no damage passenger compartment
c. Windshidd contact, no intrusion f. Partia intrusion into passenger
d. Device embedded in windshield, compartment

no significant intrusion

2. Body Panel Intrusion yes or

o LOSSOF VEHICLE CONTROL
1. Physical loss of control 3. Perceived threat to other vehicles
2. Loss of windshield visibility 4. Debrison pavement

The vehicle could have been kept under contral, there was no loss of visibility, no
perceived threat to other vehicles, and no debris on pavement.
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o PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES
1. Harmful debristhat could injure workersor othersin the area

2. Harmful debristhat could injure occupantsin other vehicles

No debris of significance that would harm others in the area was present.

o VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

a,. None d. Mgor dentsto grill and body
Minor scrapes, scratches or dents panels

c. Significant cosmetic dents e. Mgor structural damage

2. Windshield Damage
None e. Shattered, remained intact but

p.  Minor chip or crack partially didodged

c. Broken, no interference f. Large portion removed
with vighility g. Completely removed

d. Broken and shattered, vishility
restricted but remained intact

3. Device Damage

a. None Substantial, replacement parts

b. Superficia needed for repair

c. Subgtantid, but can be e. Cannot be repaired
straightened
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THRIE BEAM GUARDRAIL (STEEL POSTSAND ROUTED WOOD BLOCKOUTYS)
(NCHRP REPORT 350 TEST NO. 3-11)

Test Conditions

The test performed on the thrie beam guardrail (test 404211-10) corresponds to NCHRP
Report 350 test designation 3-11. The CIP for this test was determined, using information contained in
NCHRP Report 350, to be 4.5 m upstream of the splice at the one-third point, or 805 mm upstream of
post 14 of the thrie beam guardrail system.

Test Article

The thrie beam guardrail system consisted of 2.1-m-long W150x14 stedl posts, spaced 1.9 m
gpart, with routed wood blockouts, and 3.8-m-long 12-gauge thrie beam rail elements. A cross section
of the modified thrie beam guardrail system is shown in figure 1. The routed wood blockouts were 554
mm long, 200 mm deep, and 150 mm wide. A 100-mm-wide, 10-mm-deep channel was routed out
and centered on the post side of the blockout to fit over the face of the post. The blockouts and thrie
beam rail e ements were attached to the flange of the posts with two 16-mm-diameter through bolts.
No backup plates or washers were used. The mounting height of the thrie beam rail was 550 mm to the
center.

Thetest ingtalation conssted of a45.7-m-long length-of-need section of thrie beam guardrail
with a 1.9-m-long trangtion section from the thrie beam to the W-beam rail dement, and a11.4-m-
long LET at each end, for atotd ingdlation length of 68.5 m. The details and layout of the test
ingdlation are shown in figure 61. Photographs of the completed ingtdlation astested are shown in
figure 62.

Soil and Weather Conditions

The crash test was performed on the morning of April 9, 1999. Ten days before the test
49 mm of rainfal was recorded. No other rainfal was recorded for the remaining 10 recording days
prior to the test. Moisture content of the NCHRP Report 350 standard soil in which the guardrail was
installed was 6.6 percent, 7.5 percent, and 7.1 percent at posts 13, e s for
15, and 17, respectively. Westher conditions at the time of testing um ebaciin b L %"
were asfollows: wind speed: 6 kmvh; wind direction: 45 degrees :]"_""' F— =S
with respect to the vehicle (vehicle was traveling in a northwesterly (

direction); temperature: 28EC; relative humidity: 60 percent. rm_r

-— |

Test Vehicle

A 1993 Chevrolet Cheyenne 2500 pickup truck, shown in figure 63, was used for the crash
test. Test inertiaweight of the vehicle was 2000 kg, and its gross static weight was 2076 kg. The height
to the lower edge of the vehicle front bumper was 390 mm and to the upper edge of the front bumper
was 605 mm. Additiona dimensions and information on the vehicle are given in gppendix B, figure 89.
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Figure 62. Thrie beam guardrail ingtalation prior to test 404211-10.
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Figure 63. Vehicle before test 404211-10.
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Impact Description

The 2000P vehicle, traveling at a speed of 98.2 kmv/h, impacted the thrie beam guardrail
ingtdlation 805 mm upstream of post 14 at an impact angle of 24.4 degrees. Shortly after impact posts
13 and 14 moved. At 0.027 s, the front of the vehicle contacted post 14, and at 0.029 s, post 15
moved. By 0.037 s, post 12 moved, and at 0.047 s, the vehicle began to redirect. The left front whed
steered left at 0.049 s, and by 0.076 s, post 16 moved. At 0.101 s, the vehicle contacted post 15, and
at 0.142 s, post 17 moved. By 0.177 s, the vehicle contacted post 16, and by 0.204 s, the right rear of
the vehicle contacted the rail element. Post 18 moved at 0.205 s, and a 0.225 s, the front |eft tire lost
contact with the ground. The vehicle, traveling at 75.9 kmvh, was pardld with the test indtalation a
0.234 s. At 0.263 s, the vehicle contacted post 17, and at 0.294 s, the | eft rear tire lost contact with the
ground. By 0.517 s, the vehicle lost contact with the test ingtallation and was traveling at a speed of
72.5 km/h and an exit angle of 11.3 degrees. The left front and rear tires of the vehicle returned to the
ground surface at 0.519 sand 0.602 s, respectively. Brakes on the vehicle were applied at 3.2 s. The
vehicle cameto rest 67.0 m down from impact and 30.5 m toward traffic lanes. Sequential photographs
of the collison are shown in gppendix C, figures 112 and 113.

Damageto Test Article

The thrie beam ingdlation sustained minima damage as shown in figure 64. The upstream end
anchor moved 10 mm and posts 2 through 11 were disturbed. Post 12 moved back 13 mm, post 13
moved back 50 mm, and post 14 was pushed back 155 mm. Both post bolts at post 15 pulled through
theraill dement and the post was rotated. The blockout remained attached to the post 15 and the post
was pushed back 235 mm. Post 16 was pushed back 145 mm and post 17 was back 57 mm. Posts 19
through 29 were disturbed. Maximum dynamic deflection during the test was 0.58 m and maximum
permanent deformation was 0.42 m. The vehicle was in contact with the rail ement for 6.1 m.

Vehicle Damage

Damage to the 2000P vehicle was dso minimd, as shown in figure 65. Structural damage was
imparted to the right Sde rod ends, right upper and lower A-arms, the stabilizer bar and the right front
frame. Also damaged were the front bumper, grill, fan, radiator, right front quarter pand, right front tire
and rim, and the right door was jammed. Maximum exterior crush to the vehicle was 280 mm at the
front right corner a bumper height. Maximum occupant compartment deformation was 75 mm in the
center floor pan area. Exterior vehicle crush and occupant compartment measurements are shown in
appendix B, tables 45 and 46.
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Figure 64. Ingtallation after test 404211-10.



Figure 65. Vehicle after test 404211-10.
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Occupant Risk Factors

In the longitudind direction, occupant impact velocity was 7.0 nv/s a 0.204 s, maximum
0.010-sridedown acceleration was -7.6 g's from 0.242 to 0.252 s, and the maximum 0.050-s average
was -5.6 g's between 0.087 and 0.137 s. For informational purposes, in the latera direction, the
occupant impact velocity was 6.4 m/s at 0.137 s, the highest 0.010-s occupant ridedown acceleration
was-9.3 g'sfrom 0.217 to 0.227 s, and the maximum 0.050-s average was -7.2 g’ s between 0.089
and 0.139 s. These data and other information pertinent to the test are presented in figure 66. Vehicle
angular displacements are presented in gppendix D, figure 128, and accel erations versus time traces are
shown in gppendix E, figures 235 through 245.

Assessment of Test Results

Thefollowing NCHRP Report 350 safety evauation criteriawere used to evauate this crash
test:

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.

Reault:  The thrie beam guardrail with 2.1-m-long sted posts and wood blockouts contained
and redirected the 2000P vehicle. The vehicle did not penetrate, underride, or
override the ingdlation. Maximum laterd deflection of the ingalation was 0.58 m.

I 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. Deformation of, or intrusions into, the occupant compartment that could
cause serious injuries should not be permitted.

Reault: Therall ement separated from post 15. No other detached € ements, fragments, or
other debris were present. Neither the separated rail element nor the post penetrated
or showed potentia for penetrating the occupant compartment or presented undue
hazard to othersin the area. Maximum occupant compartment deformation was
75 mm in the center floor pan area. Due to the location, this deformation was judged
to not cause seriousinjury.
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o

General Information
TestAgency ............
Test No.
Date ..................

Test Article

Installation Length (m) . . ..
Material or Key Elements .

Soil Type and Condition .
Test Vehicle
Type . ...
Designation
Model .................
Mass (kg)
Curb.................
Test Inertial
Dummy ..............
Gross Static ..........

Texas Transportation Institute
404211-10
04/09/99

Guardrail

Thrie Beam Guardrail

68.5

Thrie Beam Guardrail with 2.1 m Steel
Posts and Routed Wood Blockouts
Standard Soil, Dry

Production
2000P
1993 Chevrolet 2500 Pickup Truck

Impact Conditions
Speed (km/h) ........ ...
Angle(deg) .................
Exit Conditions
Speed (km/h) . ...l
Angle(deg) .................
Occupant Risk Values
Impact Velocity (m/s)
x-direction . ...............
y-direction . ...............
THIV (km/h)
Ridedown Accelerations (g's)
x-direction ................
y-direction . ...............
PHD(@'S) ..« ov i
ASl
Max. 0.050-s Average (g's)
x-direction . ...............
y-direction . ...............
z-direction . ...............

Test Article Deflections (m)

Dynamic ................ 0.58
Permanent .............. 0.42
Vehicle Damage
Exterior
VDS ..o 01RFQ3
CDC ... 01RFEK2
8&01RYEW2
Maximum Exterior
Vehicle Crush (mm) ... .. 280
Interior
OCDI ... RF01040000
Max. Occ. Compart.
Deformation (mm) ...... 75
Post-impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . ... -34
Max. Pitch Angle (deg) . . ... 4
Max. Roll Angle (deg) ... ... 12

Figure 66. Summary of results for the Thrie Beam Guardrail (sted posts'wood blockouts) test, NCHRP Report 350 test 3-11.




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

Reault: The 2000P vehicle remained upright and relatively stable during and after the
collison event.

Vehicle Trajectory

K. After collision it is preferable that the vehicle' s trajectory not intrude into
adjacent traffic lanes.

Reault: The vehicle did intrude into adjacent traffic lanes asit cameto rest 67.0 m
down from impact and 30.5 m toward traffic lanes.

L. The occupant impact velocity in the longitudinal direction should not
exceed 12 m/s and the occupant ridedown acceleration in the longitudinal
direction should not exceed 20 g's.

Resault: Longitudina occupant impact velocity was 7.0 m/s and longitudina ridedown
acceleration was-7.6 g's.

M. The exit angle from the test article preferably should be less than 60
percent of the test impact angle, measured at time of vehicle loss of
contact with the test device.

Reault: The exit angle a loss of contact with the ingtalation was 11.3 degrees, which
was 46 percent of the impact angle.

The following supplementa evauation factors and terminology were used for visua assessment
of test results:

o PASSENGER COMPARTMENT INTRUSION
1. Windshield Intrusion

No windshield contact e. Complete intruson into
p.  Windshield contact, no damage passenger compartment
c. Windshield contact, no intrusion f. Partid intrusion into passenger
d. Device embedded in windshield, compartment

no significant intruson

2. Body Panel Intrusion yes or
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o LOSSOF VEHICLE CONTROL
1. Physical loss of control 3. Perceived threat to other vehicles

2. Loss of windshield visibility 4. Debrison pavement

The vehicle could have been kept under control, there was no loss of visbility. no
perceived threat to other vehicles, and no debris on pavement.

o PHYSICAL THREAT TO WORKERSOR OTHER VEHICLES
1. Harmful debristhat could injure workersor othersin the area

2. Harmful debristhat could injure occupantsin other vehicles

No debris of significance that would harm others in the area was present.

o VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

a. None d. Mgor dentsto grill and body
b. Minor scrapes, scratches or dents panels
c. Significant cosmetic dents Major structural damage
2. Windshield Damage
, None e. Shattered, remained intact but
p.  Minor chip or crack partidly didodged
c. Broken, no interference f. Large portion removed
with vighility g. Completely removed

d. Broken and shattered, visibility
restricted but remained intact

3. Device Damage

a. None Substantial, replacement parts

b. Superficia needed for repair

c. Subgtantid, but can be e. Cannot be repaired
straightened
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THRIE BEAM ON STRONG WOOD POSTS
(NCHRP REPORT 350 TEST NO. 3-11)

Test Conditions

The test performed on the thrie beam on strong wood posts (404211-11) corresponds to
NCHRP Report 350 test designation 3-11. The CIP for this test was determined using information
contained in NCHRP Report 350 and accordingly was determined to be the midpoint of the span
between posts 15 and 16 of the strong wood post thrie beam guardrail.

Test Article

The strong wood post thrie beam guardrail system conssted of 2050-mm-long, 150-mm by
200-mm wood posts spaced 1.9 m gpart with 150-mm by 200-mm by 554-mm blockouts. A cross
section of the strong wood post thrie beam guardrail system is shown in figure 1. The blockout and rall
element were attached to each post with two 16-mm-diameter button head bolts without a washer
under the head. One flat washer was used under the nut. The mounting height of the thrie beam rall was
550 mm to the center and 804 mm to the top of the thrie beam rail dement.

The test ingalation conssted of a 45.7-m-long length-of-need section of strong wood post
thrie beam guardrail with a 1.9-m-long trangtion section from the thrie beam to the W-beam rail
element, and a 15.2-m-long ET-2000 at each end, for atotal ingtdlation length of 80.0 m. The details
and layout of the test ingtdlation are shown in figure 67. Photographs of the completed ingtallation as
tested are shown in figure 68.

Soil and Weather Conditions

The test was performed on the morning of July 3, 1998. A total of 10 mm of rain occurred four
days before the test. No other rain occurred during the remaining 10 recording days prior to the test.
Moisture content of the NCHRP Report 350 standard soil in which the guardrail was ingtaled was 7.7
percent, 9.7 percent, and 9.6 percent at posts 16, 18, and 20,

respectively. Wesather conditions during the time of the test were as “"%,Ef"."':ff ' L %"

follows: wind speed: 0 krvh; wind direction: N/A (vehicle was P = Ny
traveling in a southwesterly direction); temperature: 33EC; rdative - ( ol I (T
humidity: 82 percen. — f S

Test Vehicle

A 1993 Chevrolet 2500 pickup truck, shown in figure 69, was used for the crash test. Test
inertiaweight of the vehicle was 2000 kg, and its gross static weight was 2075 kg. The height to the
lower edge of the vehicle bumper was 370 mm and it was 600 mm to the upper edge of the bumper.
Additiona dimensons and information on the vehicle are given in appendix B, figure 90.
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Figure 68. Strong wood post thrie beam guardrail installation prior to test 404211-11.
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Figure 69. Vehicle beforetest 404211-11.
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Impact Description

The vehicle, traveling at 99.6 kmvh, impacted the strong wood post thrie beam guardrail
609 mm before post 16 a an impact angle of 23.6 degrees. Shortly after impact, posts 16 and 15
moved, followed by movement in the thrie beam element, and then movement at post 17 a 0.017 s.
The vehicle contacted post 16 at 0.030 s and the vehicle redirected at 0.048 s. Post 18 moved at
0.083 s, and post 19 moved shortly after. The front of the vehicle contacted post 17 at 0.094 s and the
right front tire impacted post 17 at 0.115 s, which caused the post to fracture just below ground level.
At 0.144 s, post 20 moved and at 0.165 s, the vehicle contacted post 18. The right front tire impacted
post 18 at 0.205 s, which caused the post to split dong the longitudina axis. The rear of the vehicle
contacted the thrie beam rail element at 0.197 s. At 0.238 s, the vehicle was traveling pardld with the
guardrail at a gpeed of 75.8 kmv/h. The front of the vehicle contacted post 19 at 0.257 s and the front of
the vehicle lost contact with therall dement a 0.314 s The vehicle lost contect with therail a 0.511 s
and was traveling at an exit speed of 73.6 km/h and an exit angle of 14.7 degrees. The vehicle
immediately steered back into the rail and contacted the guardrail again at post 41 at 2.802 s. The
vehicle rode off the end of the terminal and rotated counterclockwise. Brakes on the vehicle were not
goplied. The vehicle subsequently came to rest 68.6 m down and 1.8 m behind the ingtallation.
Sequentia photographs of the test period are shown in appendix C, figures 114 and 115.

Damageto Test Article

Damage to the strong wood post thrie beam guardrail is shown in figure 70. Post 17 fractured
just below ground level and post 18 split dong the longitudina axis. The bolts pulled out of therall
element at posts 17 and 18. The ET-2000 end termina on the downstream end was disturbed as were
posts 6 through 14. Posts 15 through 20 were pushed back with a maximum displacement of 110 mm
a pogt 16. Maximum dynamic deflection of the guardrail was 676 mm and the maximum permanent
deformation was 390 mm between posts 16 and 17. Totd length of contact during the initial impact was
6.3 m. The vehicle contacted the ingtallation again at post 40 and rode off the end (post 43).

Vehicle Damage

The bumper, hood, grill, fan, radiator, right front tire and whed, right door, right front and rear
quarter panels, and left door were damaged and the windshield was shattered as shown in figure 71.
Structura damage included the right upper and lower A-arms, right spindle and rod ends, stabilizer bar,
right front frame, firewall, and floor pan. Maximum exterior crush to the vehicle was 470 mm & the right
front corner of the bumper. Maximum occupant compartment deformation was 30 mm in the center
floor pan area under the instrument panel. Exterior crush measurements and occupant compartment
measurements are shown in appendix B, tables 47 and 48.
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Figure 70. Installation after test 404211-11.



Figure 71. Vehicle after test 404211-11.
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Occupant Risk Factors

In the longitudina direction, the occupant impact velocity was 6.3 m/s at 0.198 s, the highest
0.010-s occupant ridedown acceleration was -8.4 g's from 0.223 to 0.233 s, and the maximum 0.050-
s average acceleration was -5.5 g's between 0.082 and 0.132 s. In the lateral direction, the occupant
impact velocity was 5.6 m/s at 0.130 s, the highest 0.010-s occupant ridedown acceleration was -9.0
g sfrom 0.202 to 0.212 s, and the maximum 0.050-s average was -5.8 g's between 0.068 and
0.118 s. These data and other pertinent information from the test are summarized in figure 72. Vehicle
angular displacements are displayed in gppendix D, figure 129. Vehicular accelerations versustime
traces are presented in appendix E, figures 246 through 256.

Assessment of Test Results

Thefollowing NCHRP Report 350 safety evaduation criteriawere used to evauate this crash

test:

1 Structural Adequacy

A.

Reault:

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.

The strong wood post thrie beam guardrail contained and redirected the vehicle. The
vehide did not penetrate, underride, or override the ingtdlation. Maximum dynamic
deflection of the ingdlation was 676 mm.

I Occupant Risk

D.

Reault:

Reault:

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. Deformation of, or intrusions into, the occupant compartment that could
cause serious injuries should not be permitted.

No detached elements, fragments, or other debris were present to penetrate or to
show potentia for penetrating the occupant compartment, or to present undue hazard
to othersin the area. Maximum occupant compartment deformation was 30 mm in
the center front floor pan area under the instrument pand and should not cause
seriousinjury.

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

The vehicle remained upright during and after the collision.
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23,6 d

CHE 47 deg

68.6 m

\mm w
18 m
General Information Impact Conditions Test Article Deflections (m)

o TestAgency ............ Texas Transportation Institute Speed (km/h) . ... 99.6 Dynamic ................ 0.68
TestNo. ............... 404211-11 Angle(deg) ................. 23.6 Permanent .............. 0.39
Date .................. 06/03/98 Exit Conditions

Test Article Speed (km/h) ... ... 73.6 Vehicle Damage
Type .. Guardrail Angle(deg) ................. 14.7 Exterior
Name ................. Strong Wood Post Thrie Beam Guardrail Occupant Risk Values VDS ... 01RFQ4
Installation Length (m) . ... 80.0 Impact Velocity (m/s) CDC ...t 01FREK3
Material or Key Elements . 12-ga Thrie Beam on Strong Wood x-direction ................ 6.3 & 01RYEW3
Posts With Wood Blockouts y-direction ................ 5.6 Maximum Exterior
Soil Type and Condition . Standard Soil, Dry THIV (km/h) ... 20.5 Vehicle Crush (mm) ... .. 470
Test Vehicle Ridedown Accelerations (g's) Interior
Type . ... Production x-direction ................ -8.4 OCDI ...........it FS0104000
Designation ............ 2000P y-direction ................ -9.0 Max. Occ. Compart.
Model ................. 1993 Chevrolet 2500 Pickup Truck PHD(@'S) ..« ov i 11.1 Deformation (mm) ...... 30
Mass (kg) ASl 0.99 Post-Impact Behavior
Curb................. 1861 Max. 0.050-s Average (g's) (during 1.0 s after impact)
Test Inertial .......... 2000 x-direction . ............... 5.5 Max. Yaw Angle (deg) . . . ... -31
Dummy .............. 75 y-direction . ............... -5.8 Max. Pitch Angle (deg) .. ... 3
Gross Static .......... 2075 z-direction . ............... 21 Max. Roll Angle (deg) . ..... 6

Figure 72. Summary of results for the thrie beam guardrail on strong wood posts, NCHRP Report 350 test 3-11.




1 Vehicle Trajectory

K. After collision it is preferable that the vehicle' s trajectory not intrude into
adjacent traffic lanes.

Reault: The vehicle did not intrude into adjacent traffic lanes.

L. The occupant impact velocity in the longitudinal direction should not
exceed 12 m/s and the occupant ridedown acceleration in the longitudinal
direction should not exceed 20 g's.

Result: Longitudina occupant impact velocity was 6.3 nv/s and longitudina ridedown
accderationwas-8.4g's.

M. The exit angle from the test article preferably should be less than 60
percent of the test impact angle, measured at time of vehicle loss of
contact with the test device.

Reault: The exit angle at loss of contact was 14.7 degrees, which was 62 percent of the impact
angle; however, the vehicle steered back toward the ingtallation.

The following supplementa evauation factors and terminology were used for visua assessment
of test results:

o PASSENGER COMPARTMENT INTRUSION
1. Windshield Intrusion

No windshield contact e. Complete intrusion into
p.  Windshield contact, no damage passenger compartment
c. Windshield contact, no intrusion f. Partid intrusion into passenger
d. Device embedded in windshield, compartment

no significant intrusion
2. Body Panel Intrusion yes or

o LOSS OF VEHICLE CONTROL
1. Physical loss of control 3. Perceived threat to other vehicles

2. Lossof windshield visibility 4. Debrison pavement

The vehicle could have been kept under contral, there was no loss of visibility, no
perceived threat to other vehicles, and no debris on pavement.
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o PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES
1. Harmful debristhat could injure workersor othersin the area

2. Harmful debristhat could injure occupantsin other vehicles

No debris of significance that would harm others in the area was present.

o VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

a None d. Maor dentsto grill and body
b. Minor scrapes, scratches or dents pands
c. Significant cosmetic dents Major structural damage

2. Windshield Damage

’ None e. Shattered, remained intact but
p.  Minor chip or crack partially didodged
c. Broken, no interference f. Large portion removed
with vighility g. Completely removed

d. Broken and shattered, vishility
restricted but remained intact

3. Device Damage

a. None Substantial, replacement parts

b. Superficia needed for repair

c. Subgtantid, but can be e. Cannot be repaired
straightened
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MODIFIED THRIE BEAM GUARDRAIL
(NCHRP REPORT 350 TEST NO. 4-12)

Test Conditions

The test performed on the modified thrie beam guardrail (test 404211-5) corresponds to
NCHRP Report 350 test designation 4-12. The CIP for this test was determined using information
contained in NCHRP Report 350 and accordingly was determined to be the midpoint of the span
between posts 17 and 18 of the modified thrie beam guardrail.

Test Article

The modified thrie beam guardrail system consisted of 2.1-m-long W150x14 sted posts
gpaced 1.9 m gpart with W360x33 blockouts. A cross section of the modified thrie beam guardrall
sysem is shown in figure 73. The blockouts were 432 mm long, 457 mm deep, and 152 mm wide at
the flanges. The web of the blockout had a cutout measuring 152 mm at the bottom and angled upward
at 40 degrees to the flange upon which the thrie beam was attached. The blockout was attached to the
post with four 16-mm-diameter bolts and the thrie beam rail element was attached to the blockout with
asngle 16-mm-diameter button head bolt without a washer. The mounting height of the thrie beam rall
was 610 mm to the center and 864 mm to the top of the thrie beam rail element.

The test ingtalation consisted of a 45.7-m-long length-of-need section of modified thrie beam
guardrall with a 1.9-m-long trangtion section from the thrie beam to the W-beam rail eement, and a
15.2-m-long ET-2000 at each end, for atota ingtdlation length of 80.0 m. The details and layout of
the test ingdlation are shown in figure 73. Photographs of the completed ingdlation are shown in
figure 74.

Soil and Weather Conditions

The test was performed the morning of June 12, 1998. No rain had occurred for the 10 days
prior to the test. Moisture content at posts 18, 20, and 22 was 6.7 percent, 4.0 percent, and 5.1
percent, respectively. Weather conditions during the time of the test were as follows: wind speed: 16
kmv/h; wind direction: 345 degrees with respect to the vehicle (vehicle was traveing in a southwesterly
direction); temperature: 34EC; relative humidity: 51 percent.

Test Vehicle
A 1988 GMC 7000 single-unit truck, shown in figure 75, was used for the crash test. Test
inertiaweight of the vehicle was 8000 kg, and its gross static weight was 8000 kg. The height to the

lower edge of the vehicle bumper was 520 mm and it was 815 mm to the upper edge of the bumper.
Additiona dimensons and information on the vehicle are given in gppendix B, figure 91.
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Figure 74. Modified thrie beam guardrail ingtallation prior to test 404211-5.
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Figure 75. Vehicle before test 404211-5.
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Impact Description

The vehicle, traveling at 78.8 km/h, impacted the modified thrie beam guardrail 750 mm before
post 18 at an impact angle of 15.7 degrees. Shortly after impact, post 18 and then post 17 moved. By
0.036 s after impact, the vehicle contacted post 18 and at 0.039 s, post 19 moved. The vehicle began
to redirect at 0.061 s and post 20 moved at 0.098 s. At 0.130 s, the vehicle contacted post 19 and at
0.137 s, post 21 moved. Post 22 moved at 0.225 s and the vehicle contacted post 21 at 0.301 s. Post
23 moved at 0.322 s, the right rear tire contacted the guardrail at 0.361 s, and the front of the vehicle
contacted post 22 a 0.397 s. The vehicle was traveling pardld with the guardrail a 0.416 s at a speed
of 64.6 km/h. At 0.505 s, the front whedls turned to the right and the front of the vehicle lost contact
with therail a 0.521 s. The rear of the vehicle lost contact with the guardrail near post 26 at 0.612 s
and was traveling at 64.0 kmvh and an exit angle of 8.2 degrees. The vehicle rotated clockwise at
0.851 s and contacted the guardrail between posts 27 and 28 at 1.138 s. At 1.160 s, the front wheels
turned to the left and at 1.673 s, the vehicle lost contact with the guardrail just past post 30. The vehicle
continued forward and then contacted the ET-2000 between posts 37 and 38 at 3.551 s. Asthe
vehicle continued forward, the vehicle pulled the ET-2000 heed off the end. The vehicle rode off the
end of the terminal and brakes on the vehicle were gpplied at 4.9 s. The vehicle subsequently cameto
rest 70.7 m down from impact and in line with the ingtalation. Sequentia photographs of the test period
are shown in appendix C, figures 116 and 117.

Damageto Test Article

Damage to the modified thrie beam guardrail is shown in figure 76. Posts 19 through 26 were
deformed and the blockouts on those posts were significantly deformed. The blockouts on posts 17,
18, and 27 were dightly deformed. The guardrail bolts pulled through the thrie beam at posts 20, 23,
24, and 25. Tire marks were on the face of posts 20 and 21. Length of contact during theinitia
collison was 16.0 m. For 2.8 m of that distance, the truck rode on top of the thrie beam. The second
contact occurred between posts 27 and 28 and continued to just past post 30. The third contact
occurred between posts 37 and 38 and the vehicle rode off the end, taking the ET-2000 head off the
end. Maximum dynamic deflection during the test was 0.71 m and maximum permanent deformetion
was 0.51 m, both occurring near post 21.

Vehicle Damage

Minima damage was sustained by the vehicle as shown in figure 77. Structural damage was
received by the front axle and right front wheel. The lower right front corner of the cargo box received
adent aswell astheright Sde fud tank. The bumper and supports, hood, right front quarter pand, grill,
and right door step were damaged. The right door was jammed and the right outside tire received
gouges. Maximum exterior vehicle crush was 140 mm at the right front corner of the bumper.
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Figure 76. Installation after test 404211-5.
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Figure 77. Vehicle after test 404211-5.
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Occupant Risk Factors

In the longitudina direction, the occupant impact velocity was 3.5 m/s at 0.405 s, the highest
0.010-s occupant ridedown acceleration was -2.9 g’ s from 0.394 to 0.404 s, and the maximum 0.050-
saverage acceleration was -1.4 g's between 0.215 and 0.265 s. In the lateral direction, the occupant
impact velocity was 2.4 m/s a 0.301 s, the highest 0.010-s occupant ridedown acceleration was
3.8 g'sfrom 0.531 to 0.541 s, and the maximum 0.050-s average was 2.3 g' s between 0.699 and
0.749 s. These data and other pertinent information from the test are summarized in figure 78. Vehicle
angular displacements are displayed in gppendix D, figure 130. Vehicular accderations versustime
traces are presented in appendix E, figures 257 through 263.

Assessment of Test Results

Thefollowing NCHRP Report 350 safety evaluation criteriawere used to eval uate this crash
test:

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.

Result:  The modified thrie beam guardrail was contained and smoothly redirected. The
vehicle did not penetrate, underride, or override the ingtdlation. Maximum dynamic
deflection during the test was 0.71 m.

I 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. Deformation of, or intrusions into, the occupant compartment that could
cause serious injuries should not be permitted.

Result:  No detached elements, fragments, or other debris were present to penetrate or to
show potentia for penetrating the occupant compartment, or to present undue hazard
to othersin the area. No deformation or intrusion into the occupant compartment
occurred.

G. Itispreferable, although not essential, that the vehicle remain upright during
and after the collision.

Reault:  The vehicle remained upright and stable during and after the collison.
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General Information
TestAgency ............
TestNo. ...............
Date ..................

Test Article

Installation Length (m) . . ..
Material or Key Elements .

Soil Type and Condition .
Test Vehicle
Type . ...
Designation ............
Model .................
Mass (kg)
Curb........... ...
Test Inertial ..........
Dummy ..............
Gross Static ..........

Texas Transportation Institute
404211-5
06/12/98

Guardrail

Modified Thrie Beam Guardrail
83.8

12-gauge thrie beam on W150x14
steel posts and steel blockouts
Standard Soil, Dry

Production
8000S
1988 GMC 7000 Single-Unit Truck

8000
No dummy
8000

Impact Conditions
Speed (km/h) ........ ...
Angle(deg) .................
Exit Conditions
Speed (km/h) ........ ... ...
Angle(deg) .................
Occupant Risk Values
Impact Velocity (m/s)
x-direction . ...............
y-direction . ...............
THIV (km/h)
Ridedown Accelerations (g's)
x-direction ................
y-direction . ...............
PHD(@'S) ..« ov i
ASl
Max. 0.050-s Average (g's)
x-direction . ...............
y-direction . ...............
z-direction . ...............

Test Article Deflections (m)

Dynamic ................ 0.71
Permanent .............. 0.51
Vehicle Damage

Exterior

VDS ..o N/A

CDC ... N/A
Maximum Exterior

Vehicle Crush (mm) ... .. 140
Interior

OCDI ... RS0000000
Max. Occ. Compart.

Deformation (mm) ...... 0

Post-Impact Behavior
(during 1.0 s after impact)

Max. Yaw Angle (deg) . . . ... -24
Max. Pitch Angle (deg) .. ... -4
Max. Roll Angle (deg) ... ... 20

Figure 78. Summary of results for test 404211-5, NCHRP Report 350 test 4-12.




1 Vehicle Trajectory

K. After collision it is preferable that the vehicle' s trajectory not intrude into
adjacent traffic lanes.

Reault: The vehicle did not intrude into adjacent traffic lanes as it remained adjacent to the
guardral.

M. The exit angle from the test article preferably should be less than 60
percent of the test impact angle, measured at time of vehicle loss of
contact with the test device.

Reault: Exit angle at loss of contact was 8.2 degrees, which was 52 percent of the impact
agle.

The following supplementa evauation factors and terminology were used for visua assessment
of test results:

o PASSENGER COMPARTMENT INTRUSION
1. Windshield Intrusion

@ No windshield contact e. Complete intrusion into
p.  Windshield contact, no damage passenger compartment
c. Windshield contact, no intrusion f. Partid intrusion into passenger
d. Device embedded in windshield, compartment

no significant intrusion

2. Body Panel Intrusion yes or

o LOSS OF VEHICLE CONTROL

@thsical loss of control 3. Perceived threat to other vehicles

2. Lossof windshield visibility 4. Debrison pavement

O

PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES
1. Harmful debristhat could injure workersor othersin the area

2. Harmful debristhat could injure occupantsin other vehicles

No debris of significance that would harm others in the area was present.
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o VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

a None d. Maor dentsto grill and body
b. Minor scrapes, scratches or dents pands
c. Significant cosmetic dents Major structural damage
2. Windshield Damage
’ None e. Shattered, remained intact but
p.  Minor chip or crack partially didodged
c. Broken, no interference f. Large portion removed
with vighility g. Completely removed

d. Broken and shattered, vishility
restricted but remained intact

3. Device Damage

a. None Substantial, replacement parts

b. Superficia needed for repair

c. Subgtantid, but can be e. Cannot be repaired
straightened
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SUMMARY AND CONCLUSIONS
TERMINALS
Buried-in-Backdope Terminal (with 6 to 1 veeditch)

The buried-in-backd ope terminal with 6 to 1 vee ditch contained and redirected the vehicle.
Maximum deformation of the occupant compartment was 45 mm and was judged to not cause serious
injury. The vehicle remained upright and stable during and after the collison. Asshown in table 1, the
buried-in-backd ope termina with 6 to 1 vee ditch performed acceptably for NCHRP Report 350 test
designation 3-35.

Buried-in-Backsope Terminal (with 4 to 1 dope)

The buried-in-backd ope termind with 4 to 1 dope contained and redirected the vehicle.
Maximum deformation of the occupant compartment was 125 mm but was judged to not cause serious
injury. The vehicle remained upright and stable during and after the collison. Asshown in table 2, the
buried-in- backd ope termina with 4 to 1 dope performed acceptably according to the required criteria
for NCHRP Report 350 test designation 3-35.

New York Terminal for 3-Cable Barrier

The New Y ork termind for 3-cable barrier dlowed the vehicle to gate through the end. The
vehicle remained upright during and immediately after the collison period, but rolled onto its Sde after
exiting the test Site for reasons not related to the performance of the guardrail. The 3-cable New Y ork
cablerall termina met al criteria specified for test designation 3-34 of NCHRP Report 350, as shown
intable 3.

TRANSITIONS
Vertical Wall Transtion

It was found that the nested W-beam rail elements and the termina connector could not be
bolted together with the rail elements lapped on top of the connector in the direction of traffic.
Therefore, in the first test, the termina connector was lapped on top of the nested W-beams. The
vertica wall trangtion contained and redirected the vehicle; however, the vehicle rolled onto itsright
dde after exiting the inga lation. Snagging was observed on the end of the connector. The trangtion did
not perform acceptably, due to rollover (seetable 4).

For the repest of the tet, the holes in the terminal connector were enlarged for the splice bolts
to be ingtaled with the connector |apped under the nested W-beams. The W-beam with W-beam rub
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raill on sted podts trangition contained and redirected the vehicle. The vehicle remained upright during
and after the collision event. The W-beam with W-beam rub rail on stedl posts transition to the vertical
concrete bridge railing with the termina connector correctly lgpped under the W-beam met the required
criteriafor the repeat of NCHRP Report 350 test designation 3-21, as shown in table 5.

Vertical Flared Back Transition

The verticd flared back trangtion contained and redirected the vehicle. After exiting the
trangtion, the vehicle rolled one revolution and came to rest upright, 9.9 m forward of the front face of
the rail ement. The verticd flared back trangtion did not perform satisfactorily, due to rollover (see
table 6).

Pennsylvania Transition

The Pennsylvania trangtion met the required criteria as specified for NCHRP Report 350 test
3-21 and shown in table 7.

Nebraska Transtion

The maximum occupant compartment deformation was 129 mm; however, the seam in the floor
pan/firewall area opened. No sharp edges were noted in the opening and the opening was judged to
not cause seriousinjury. Also, the vehicle did intrude into adjacent traffic lanes, however, this criterion
is preferable not required. The Nebraska thrie beam transition met required criteriafor NCHRP Report
350 test 3-21, as shown in table 8.

Connecticut Transtion

The Connecticut trangition contained and redirected the 2000P vehicle with minima deflection
of the rall ement, thereby meeting the criteriafor structural adequacy. The trangtion dso met dl
criteriafor occupant risk, as shown in table 9. The 2000P vehicle cameto rest 27.4 m laterdly from the
traffic face of the rail. Thisindicates that the vehicle would have intruded into adjacent traffic lanes;
however, meeting this criterion is preferred, not required. The Connecticut trangition met the required
criteria specified for NCHRP Report 350 test designation 3-21.
LONGITUDINAL BARRIERS
MB1 (WSDOT) Median Cable Barrier

As shown in table 10, the Washington 3-strand cable barrier met al criteria specified for
NCHRP Report 350 test designation 3-11. The ingtdlation permitted 3.4 m of lateral deflection,
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redirected the vehicle, and brought it to a safe, controlled stop within the ingtdlation. The Washington
3-drand cable barrier performs well where space permits rdatively large laterd deflections.
Thrie Beam Guardrail (with sted posts and routed wood blockouts)

As shown in table 11, the thrie beam guardrail with 2.1 m long stedl posts and wood blockouts
met the required criteria specified for NCHRP Report 350 test designation 3-11.

Thrie Beam on Strong Wood Posts

As can be seenin table 12, the strong wood post thrie beam guardrail met al required criteria
for NCHRP Report 350 test designation 3-11.

Modified Thrie Beam Guardr ail

As can be seen in table 13, the modified thrie beam guardrail met dl requirements for NCHRP
Report 350 test designation 4-12.
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Table 1. Performance evduation summary for the buried-in-backd ope termind (with 6 to 1 vee ditch), NCHRP Report 350 test 3-35.

Test Agency: Texas Trangportation Ingitute

Test No.: 404211-1

Test Date: 01/29/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test aticle should contain and redirect the vehicle; the The buried-in-backd ope termina with 6 to 1 vee ditch
vehicle should not penetrate, underride, or override the contained and redirected the vehicle. Maximum Pass
ingtallation athough controlled lateral deflection of the test deflection of the guardrail was 0.7 m.
article is acceptable.
Occupant Risk
D. Detached elements, fragments or other debris from the test There were no detached el ements or debristo
article should not penetrate or show potential for penetrating | penetrate or to show potential for penetrating the
the occupant compartment, or present an undue hazard to occupant compartment, or to present undue hazard to
other traffic, pedestrians, or personnel in awork zone. othersin the area. Maximum deformation of the Pass
Deformations of, or intrusions into, the occupant occupant compartment was 45 mm in the center floor
compartment that could cause serious injuries should not be pan area.
permitted.
F.  Thevehicle should remain upright during and after collison The vehicle remained upright and stable during and Pass
athough moderate roll, pitching and yawing are acceptable. after the collison.
Vehicle Trgectory
K.  After callison, it is preferable that the vehicl€'s trgjectory not | The vehicle did not intrude into adjacent traffic lanes. Pass
intrude into adjacent traffic lanes.
L.  Theoccupant impact velocity in the longitudinal direction Longitudina occupant impact velocity was 7.2 m/s and
should not exceed 12 m/s and the occupant ridedown the longitudinal occupant ridedown acceleration was Pass
acceleration in the longitudinal direction should not exceed 20 | -9.4g's.
gs.
M. Theexit angle from the test article preferably should beless | Exit angle at loss of contact was 8.1 degrees, which
than 60 percent of test impact angle, measured at time of was 32 percent of the impact angle. Pass

vehicle loss of contact with test device.
*Criterion K and M are preferable, not required.
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Table 2. Performance evauation summary for the buried-in-backdope termina (4 to 1 dope), NCHRP Report 350 test 3-35.

Test Agency: Texas Trangportation Ingitute

Test No.: 404211-13

Test Date: 07/27/2000

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test aticle should contain and redirect the vehicle; the The terminal contained and redirected the 2000-kg
vehicle should not penetrate, underride, or override the pickup truck. The vehicle did not penetrate, underride, Pass
ingtallation athough controlled lateral deflection of the test or override the ingtalation. Maximum dynamic
article is acceptable. deflection during the test was 0.861 m.
Occupant Risk
D. Detached elements, fragments or other debris from thetest | The blockout at post 9 detached but did not penetrate or
article should not penetrate or show potential for penetrating | show potential for penetrating the occupant
the occupant compartment, or present an undue hazard to compartment, or present undue hazard to othersin the
other traffic, pedestrians, or personnel in awork zone. area. Maximum occupant compartment deformation Pass
Deformations of, or intrusions into, the occupant was 125 mm and was judged to not cause serious
compartment that could cause serious injuries should not be | injury.
permitted.
F.  Thevehicle should remain upright during and after collison The vehicle remained upright during and after the Pass
athough moderate roll, pitching and yawing are acceptable. | collison period.
Vehicle Trgectory
K.  After callision, it is preferable that the vehicle's trgjectory The vehicle did not intrude into adjacent traffic lanes. Pass*
not intrude into adjacent traffic lanes.
L.  Theoccupant impact velocity in the longitudinal direction Longitudina occupant impact velocity was 5.4 m/s and
should not exceed 12 m/s and the occupant ridedown longitudinal ridedown acceleration was -8.3 g's. Pass
acceleration in the longitudina direction should not exceed
20 gs.
M. Theexit angle from the test article preferably should beless | Exit angle at loss of contact was 17.5 degrees which
than 60 percent of test impact angle, measured at time of was 68 percent of the impact angle; however, the Fail*

vehicle loss of contact with test device.

vehicle yawed toward the installation and came to rest

adjacent to the length of need.

*Criterion K and M are preferable, not required.




08T

Table 3. Performance evauation summary for the New Y ork termina, NCHRP Report 350 test 3-34.

Test Agency: Texas Trangportation Ingitute

Test No.: 404211-6

Test Date: 10/01/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adequacy
C. Acceptable test article performance may be by redirection, The New York terminal for 3-cable barrier alowed the Pass
controlled penetration, or controlled stopping of the vehicle. vehicle to gate through the end.
Occupant Risk
D. Detached elements, fragments or other debris from the test No detached elements, fragments, or debris were
article should not penetrate or show potential for penetrating | present to penetrate or to show potentia for penetrating
the occupant compartment, or present an undue hazard to the occupant compartment, or to present undue hazard
other traffic, pedestrians, or personnel in awork zone. to othersin the area. No deformation or intrusion of the Pass
Deformations of, or intrusions into, the occupant occupant compartment occurred.
compartment that could cause serious injuries should not be
permitted.
F. Thevehicle should remain upright during and after collison The vehicle remained upright during and immediately Pass
although moderate roll, pitching and yawing are acceptable. after the collision period.
H.  Occupant impact velocities should satisfy the following:
Occupant Velocity Limits (m/s) Longitudinal occupant impact velocity = 1.8 m/s Pocs
Component Preferred Maximum Lateral occupant impact velocity = 0.9 m/s
Longitudina and lateral 9 12
. Occupant ridedown accelerations should satisfy the
following:
- : s : Longitudinal ridedown acceleration =-3.1g's
Occupant Ridedown Acceleration Limits (g's
P I - : Imits (g ) Lateral ridedown acceleration =-3.0Q's Pass
Component Preferred Maximum
Longitudina and latera 15 20
Vehicle Traectory
K. After collisonitis preferable that the vehiclestrgjectory not | The vehicle did not intrude into adjacent traffic lanes. Pass
intrude into adjacent traffic lanes.
N. Vehicle trgjectory behind the test article is acceptable. The vehicle came to rest behind the ingtallation. Pass

*Criterion K is preferable, not required.
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Table 4. Performance evaduation summary for the firgt test on the vertical wal trangtion, NCHRP Report 350 test 3-21.

Test Agency: Texas Trangportation Ingitute

Test No.: 404211-2 Test Date: 07/27/98

NCHRP Report 350 Evaluation Criteria

Test Results

Assessment

Structurad Adequacy

A. Test aticle should contain and redirect the vehicle; the The vertical wall transition contained and redirected the
vehicle should not penetrate, underride, or override the vehicle. The vehicle did not penetrate, underride, or P
installation although controlled lateral deflection of the test override the ingtdlation. ass
article is acceptable.

Occupant Risk

D. Detached elements, fragments or other debris from the test | No detached elements, fragments, or other debris were
article should not penetrate or show potential for present to penetrate or to show potential for penetrating
penetrating the occupant compartment, or present an undue | the occupant compartment, or to present undue hazard to
hazard to other traffic, pedestrians, or personnel inawork | othersin the area. Maximum reduction of space was Fal
zone. Deformations of, or intrusions into, the occupant 27 percent in the center floor pan area, which may cause
compartment that could cause serious injuries should not be | seriousinjury.
permitted.

F.  Thevehicle should remain upright during and after collison | The vehicle rolled onto its right Side after exiting the Fail
athough moderate roll, pitching and yawing are acceptable. | ingtdlation.

Vehicle Trgectory

K. After collisonit is preferable that the vehicle's trgjectory The vehicle did not intrude into adjacent traffic lanes. =
not intrude into adjacent traffic lanes.

L.  Theoccupant impact velocity in the longitudinal direction Longitudina occupant impact velocity was 9.1 m/s and
should not exceed 12 m/s and the occupant ridedown longitudina ridedown acceleration was-15.1 g's. Pass
acceleration in the longitudina direction should not exceed
20 gs.

M. Theexit angle from the test article preferably should be Exit angle at loss of contact was 7.3 degrees, which was
less than 60 percent of test impact angle, measured at time | less than 60 percent of the impact angle. Pass

of vehicle loss of contact with test device.
*Criterion K and M are preferable, not required.
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Table 5. Parformance evauation summary for the repeat test on the vertica wal trangtion, NCHRP Report 350 test 3-21.

Test Agency: Texas Trangportetion Indtitute

Test No.: 404211-12

Test Date: 11/05/98

*Criterion K and M are preferable, not required.

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Ted aticle should contain and redirect the vehicle; the vehicle The W-beam with W-beam rub rail on stedl
should not penetrate, underride, or override the ingtalation posts trangition contained and redirected the Pass
athough controlled lateral deflection of the test articleis vehicle. The vehicle did not penetrate, underride,
acceptable. or override the ingdlation.
Occupant Risk
D. Detached dements, fragments or other debris from the test No detached elements, fragments, or other debris
article should not penetrate or show potentia for penetrating the | were present to penetrate or to show potentia for
occupant compartment, or present an undue hazard to other penetrating the occupant compartment, or to
traffic, pedestrians, or personnd in awork zone. Deformations | present undue hazard to othersin the area. Pass
of, or intrusonsinto, the occupant compartment that could Maximum occupant compartment deformation
cause serious injuries should not be permitted. was 80 mm in the laterd direction near the
occupant’s feet.
F.  Thevehide should remain upright during and after callison The vehicdle remained upright during and after the Pass
athough moderate rall, pitching and yawing are acceptable. collison event.
Vehicle Trgectory
K.  After collison, itis preferable that the vehicles trgectory not The vehicle cameto rest 8.4 m toward traffic Fail*
intrude into adjacent traffic lanes. lanes.
L.  Theoccupant impact velocity in the longitudind direction should | Longitudina occupant impact velocity was
not exceed 12 m/s and the occupant ridedown acceleration in 7.3 m/s and longitudinal ridedown acceleration Pass
the longitudind direction should not exceed 20 g's. was-6.7g's.
M. Theexit angle from the test article preferably should be lessthan | Exit angle a loss of contact was 13.9 degrees,
60 percent of test impact angle, measured at time of vehicleloss | which was 57 percent of the impact angle. Pass*
of contact with test device.
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Table 6. Parformance evauation summary for the verticd flared back transition, NCHRP Report 350 test 3-21.

Test Agency: Texas Trangportetion Indtitute

Test No.: 404211-4

Test Date: 07/27/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adeguacy
A. Tedt aticle should contain and redirect the vehicle; the The vertical flared back transition contained and
vehicle should not penetrate, underride, or override the redirected the vehicle. The vehicle did not penetrate, Pass
ingtallation, athough controlled lateral deflection of thetest | underride, or override the ingtallation. Maximum dynamic
article is acceptable. deflection was 0.17 m.
Occupant Risk
D. Detached elements, fragments, or other debris from the No detached elements, fragments, or other debris were
test article should not penetrate or show potential for present to penetrate or to show potentia for penetrating
penetrating the occupant compartment, or present an undue | the occupant compartment, or to present undue hazard to
hazard to other traffic, pedestrians, or personnel inawork | othersin the area. Maximum deformation of the Pass
zone. Deformations of, or intrusions into, the occupant occupant compartment was 75 mm in the center floor
compartment that could cause serious injuries should not be | pan area.
permitted.
F. The vehicle should remain upright during and after collision, | After exiting the transition, the vehicle rolled one
athough moderate rall, pitching, and yawing are revolution and came to rest upright. Fal
acceptable.
Vehicle Trajectory
K.  After callision, it is preferable that the vehicle's trgjectory The vehicle rolled and came to rest 9.9 m toward traffic Fail*
not intrude into adjacent traffic lanes. lanes.
L.  Theoccupant impact velocity in the longitudinal direction Longitudinal occupant impact velocity was 6.1 m/s and
should not exceed 12 m/s and the occupant ridedown longitudina ridedown acceleration was-6.1 g's. Pass
acceleration in the longitudina direction should not exceed
20g's.
M.  Theexit angle from the test article preferably should be Exit angle at loss of contact was 5.2 degrees, which was
less than 60 percent of test impact angle, measured at time | less than 60 percent of the impact angle. Pass*

of vehicle loss of contact with test device.
* Criterion K and M are preferred, not required.
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Table 7. Peformance evauaion summary for Pennsylvaniatrangtion, NCHRP Report 350 test 3-21.

Test Agency: Texas Trangportation Ingitute

Test No.: 404211-3

Test Date: 07/07/2000

*Criterion K and M are preferable, not required.

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test aticle should contain and redirect the vehicle; the The Pennsylvania transition contained and redirected
vehicle should not penetrate, underride, or override the the 2000P vehicle. The vehicle did not penetrate, Pass
ingtallation athough controlled lateral deflection of the test underride, or override the ingtalation. Maximum latera
article is acceptable. deflection was 177 mm.
Occupant Risk
D. Detached elements, fragments or other debris from the test No detached elements, fragments, or other debris were
article should not penetrate or show potential for penetrating | present to penetrate or to show potential for penetrating
the occupant compartment, or present an undue hazard to the occupant compartment, or to present undue hazard
other traffic, pedestrians, or personnel in awork zone. to othersin the area. Maximum deformation of the Pass
Deformations of, or intrusions into, the occupant occupant compartment was 117 mm in the center floor
compartment that could cause serious injuries should not be | pan area and was judged to not cause serious injury.
permitted.
F.  Thevehicle should remain upright during and after collison The 2000P vehicle remained upright during and after Pass
athough moderate roll, pitching and yawing are acceptable. | the collison period.
Vehicle Trgectory
K.  After callision, it is preferable that the vehicle's trgjectory The 2000P vehicle came to rest 25.9 m toward traffic
not intrude into adjacent traffic lanes. lanes, which indicated intrusion into adjacent traffic Fal*
lanes.
L.  Theoccupant impact velocity in the longitudinal direction Longitudinal occupant impact velocity was 5.5 m/s and
should not exceed 12 m/s and the occupant ridedown occupant ridedown acceleration was-8.5 g's. Pass
acceleration in the longitudina direction should not exceed
20g's.
M. Theexit angle from the test article preferably should beless | Exit angle at loss of contact with the transition was
than 60 percent of test impact angle, measured at time of 13.7 degrees, which was 56 percent of the impact Pass*
vehicle loss of contact with test device. angle.
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Table 8. Performance evauation summary for the Nebraska trangition, NCHRP Report 350 test 3-21.

Test Agency: Texas Trangportation Ingitute

Test No.: 404211-7

Test Date: 05/16/2000

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test aticle should contain and redirect the vehicle; the The Nebraska thrie beam transition contained and
vehicle should not penetrate, underride, or override the redirected the vehicle with minimal deformation of the Pass
ingtallation athough controlled lateral deflection of the test rail element. The 2000P vehicle did not penetrate,
article is acceptable. underride, or override the instalation.
Occupant Risk
D. Detached elements, fragments or other debris from the test No detached elements, fragments, or other debris were
article should not penetrate or show potential for penetrating | present to penetrate or to show potential for penetrating
the occupant compartment, or present an undue hazard to the occupant compartment, or to present undue hazard
other traffic, pedestrians, or personnel in awork zone. to othersin the area. The floor pan and firewall were Pass
Deformations of, or intrusions into, the occupant deformed and the seam where the floor pan meets the
compartment that could cause seriousinjuries should not be | firewall was separated. Maximum occupant
permitted. compartment deformation was 129 mm and damage to
the interior was judged to not cause serious injury.
F.  Thevehicle should remain upright during and after collison The vehicle remained upright during and after the Pass
athough moderate roll, pitching and yawing are acceptable. | collison period.
Vehicle Traectory
K.  After callision, it is preferable that the vehicle's trgjectory Intrusion into adjacent traffic lanes was minimd, i.e.,
not intrude into adjacent traffic lanes. the vehicle came to rest 6 m forward from the face for Fal*
the trangition.
L.  Theoccupant impact velocity in the longitudinal direction Longitudinal occupant impact velocity was 5.0 m/s and
should not exceed 12 m/s and the occupant ridedown longitudinal ridedown acceleration was-13.9 g's. Pass
acceleration in the longitudina direction should not exceed
200's.
M. Theexit angle from the test article preferably should be less | Exit angle at loss of contact was 6.8 degrees, which
than 60 percent of test impact angle, measured at time of was 28 percent of the impact angle. Pass*

vehicle loss of contact with test device.

*Criterion K and M are preferable, not required.
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Table 9. Performance evaduation summary for the Connecticut trangtion, NCHRP Report 350 test 3-21.

Test Agency: Texas Trangportation Ingitute

Test No.: 404211-9

Test Date: 04/06/2000

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test aticle should contain and redirect the vehicle; the The Connecticut transition contained and redirected the
vehicle should not penetrate, underride, or override the 2000P vehicle. The vehicle did not penetrate, underride, Pass
ingtallation athough controlled lateral deflection of the test or override the ingtdlation. Maximum lateral deflection
article is acceptable. was 77 mm.
Occupant Risk
D. Detached elements, fragments or other debris from the test No detached elements, fragments, or other debris were
article should not penetrate or show potential for penetrating | present to penetrate or to show potential for penetrating
the occupant compartment, or present an undue hazard to the occupant compartment, or to present undue hazard
other traffic, pedestrians, or personnel in awork zone. to othersin the area. Maximum deformation of the Pass
Deformations of, or intrusions into, the occupant occupant compartment was 130 mm in the center floor
compartment that could cause serious injuries should not be | pan area and was judged to not cause serious injury.
permitted.
F.  Thevehicle should remain upright during and after collison The 2000P vehicle remained upright during and after Pass
athough moderate roll, pitching and yawing are acceptable. | the collison period.
Vehicle Trgectory
K.  After callision, it is preferable that the vehicle's trgjectory The 2000P vehicle came to rest 27.4 m laterally from
not intrude into adjacent traffic lanes. the traffic face of the rail, which indicated intrusion into Fal*
adjacent traffic lanes.
L.  Theoccupant impact velocity in the longitudinal direction Longitudinal occupant impact velocity was 4.9 m/s and
should not exceed 12 m/s and the occupant ridedown occupant ridedown acceleration was-11.4 g's. Pass
acceleration in the longitudina direction should not exceed
20g's.
M. Theexit angle from the test article preferably should beless | Exit angle at loss of contact with the transition was 3.7
than 60 percent of test impact angle, measured at time of degrees, which was 14 percent of the impact angle. Pass*

vehicle loss of contact with test device.
*Criterion K and M are preferable, not required.




/8T

Table 10. Performance evauation summary for WSDOT cable barrier, NCHRP Report 350 test 3-11.

Test Agency: Texas Trangportation Ingitute

Test No.: 404211-8

Test Date: 02/16/2000

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Tet aticle should contain and redirect the vehicle; the The Washington 3-strand cable barrier contained and
vehicle should not penetrate, underride, or override the redirected the 2000P vehicle. Maximum lateral Pass
ingalation dthough controlled laterd deflection of thetest | deflection of the barrier was 3.4 m.
article is acceptable.
Occupant Risk
D. Detached dements, fragments or other debrisfrom thetest | No detached e ements, fragments, or debris were
article should not penetrate or show potentia for present to penetrate or to show potentia for
penetrating the occupant compartment, or present an penetrating the occupant compartment, or to present
undue hazard to other traffic, pedestrians, or personnd ina | undue hazard to othersin the area. No deformation or Pass
work zone. Deformations of, or intrusonsinto, the intrusion of the occupant compartment occurred.
occupant compartment that could cause serious injuries
should not be permitted.
F.  Thevehide should remain upright during and after callison | The vehicle remained upright during and after the
dthough moderate rall, pitching and yawing are collison period. Pass
acceptable.
Vehicle Trgectory
K. After collison, it is preferable that the vehicles trgectory The vehicle did not intrude into adjacent traffic lanes as Passt
not intrude into adjacent traffic lanes. the vehicle came to rest over post 22.
L.  Theoccupant impact velocity in the longituding direction Thelongitudinal occupant impact velocity was 2.2 m/s
should not exceed 12 m/s and the occupant ridedown and ridedown acceleration was-2.7 g's. Pass
accderation in the longitudina direction should not exceed
20g's.
M.  Theexit angle from the test article preferably should be The vehicle did not exit the test indtdlation.
less than 60 percent of test impact angle, measured at time N/A*

of vehicleloss of contact with test device.
*Criterion K and M are preferable, not required.
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Table11. Performance evduation summary for the thrie beam guardrall
(with stedl posts'routed wood blockouts), NCHRP Report 350 test 3-11.

Test Agency: Texas Trangportation Indtitute

Test No.: 404211-10

Test Date: 04/09/99

*Criterion K and M are preferable, not required.

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adeguacy
A. Test aticle should contain and redirect the vehicle; the The thrie beam guardrail with 2.1-m steel posts and
vehicle should not penetrate, underride, or override the routed wood blockouts contained and redirected the
installation although controlled lateral deflection of the test 2000P vehicle. The vehicle did not penetrate, underride, Pass
article is acceptable. or override the ingtdlation. Maximum lateral deflection
of the ingtalation was 0.58 m.
Occupant Risk
D. Detached elements, fragments or other debrisfrom thetest | The rail element separated from post 15. No other
article should not penetrate or show potentia for penetrating | detached elements, fragments, or other debris were
the occupant compartment, or present an undue hazard to present. Neither the separated rail element nor the post
other traffic, pedestrians, or personnd in awork zone. penetrated nor showed potential for penetrating the Pass
Deformations of, or intrusons into, the occupant occupant compartment nor to present undue hazard to
compartment that could cause serious injuries should not be | othersin the area. Maximum occupant compartment
permitted. deformation was 75 mm in the center floor pan area.
F. The vehicle should remain upright during and after collison The 2000P vehicle remained upright and relatively Pass
athough moderate roll, pitching and yawing are acceptable. | stable during and after the collision event.
Vehicle Tragjectory
K.  After callision, it is preferable that the vehicle's trgjectory The vehicle did intrude into adjacent traffic lanes as it
not intrude into adjacent traffic lanes. came to rest 67.0 m down from impact and 30.5 m Fal*
toward traffic lanes.
L.  Theoccupant impact velocity in the longitudinal direction Longitudinal occupant impact velocity was 7.0 m/s and
should not exceed 12 m/s and the occupant ridedown longitudina ridedown acceleration was-7.6 g's. Pass
acceleration in the longitudina direction should not exceed
20g's.
M. Theexit angle from the test article preferably should beless | Exit angle at loss of contact with the installation was
than 60 percent of test impact angle, measured at time of 11.3 degrees, which was 46 percent of the impact Pass*
vehicle loss of contact with test device. angle.
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Table 12. Performance evauation summary for the thrie beam guardrail on strong wood posts, NCHRP Report 350 test 3-11.

Test Agency: Texas Trangportation Ingitute

Test No.: 404211-11

Test Date: 07/03/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test aticle should contain and redirect the vehicle; the The strong wood post thrie beam guardrail contained and
vehicle should not penetrate, underride, or override the redirected the vehicle. The vehicle did not penetrate, Pass
installation, athough controlled lateral deflection of thetest | underride, or override the ingtallation. Maximum dynamic
article is acceptable. deflection of the ingtalation was 0.68 m.
Occupant Risk
D. Detached elements, fragments, or other debris from the No detached elements, fragments, or other debris were
test article should not penetrate or show potential for present to penetrate or to show potential for penetrating
penetrating the occupant compartment, or present an the occupant compartment, or to present undue hazard to
undue hazard to other traffic, pedestrians, or personnel in othersin the area. Maximum occupant compartment Pass
awork zone. Deformations of, or intrusions into, the deformation was 30 mm in the center front floor pan area
occupant compartment that could cause serious injuries under the instrument panel and should not cause serious
should not be permitted. injury.
F.  Thevehicle should remain upright during and after The vehicle remained upright during and after the
callison, dthough moderate rolling, pitching, and yawing collison. Pass
are acceptable.
Vehicle Traectory
K. After collision, it is preferable that the vehicle€s trgjectory | The vehicle did not intrude into adjacent traffic lanes. Pass
not intrude into adjacent traffic lanes.
L.  Theoccupant impact velocity in the longitudinal direction Longitudina occupant impact velocity was 6.3 m/s and
should not exceed 12 m/s and the occupant ridedown longitudinal ridedown acceleration was-8.4 g's. Pass
acceleration in the longitudina direction should not exceed
20g's.
M. Theexit angle from the test article preferably should be The exit angle at loss of contact was 14.7 degrees, which
less than 60 percent of test impact angle, measured at was 62 percent of the impact angle; however, the vehicle Fal*

time of vehicle loss of contact with test device.
*Criterion preferable, not required.

steered back toward the installation.
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Table 13. Performance evaduation summary for the modified thrie beam guardrail, NCHRP Report 350 test 4-12.

Test Agency: Texas Trangportetion Indtitute

Test No.: 404211-5

Test Date: 06/12/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment
Structural Adeguacy
A. Tedt aticle should contain and redirect the vehicle; the The modified thrie beam guardrail was contained and
vehicle should not penetrate, underride, or override the smoothly redirected. The vehicle did not penetrate, Pass
ingtallation, athough controlled lateral deflection of the test underride, or override the ingtalation. Maximum
article is acceptable. dynamic deflection was 0.71 m.
Occupant Risk
D. Detached elements, fragments, or other debris from thetest | No detached elements, fragments, or other debris were
article should not penetrate or show potential for penetrating | present to penetrate or to show potential for penetrating
the occupant compartment, or present an undue hazard to the occupant compartment, or to present undue hazard
other traffic, pedestrians, or personnel in awork zone. to othersin the area. No deformation or intrusion into Pass
Deformations of, or intrusions into, the occupant the occupant compartment occurred.
compartment that could cause serious injuries should not be
permitted.
G. Itispreferable, athough not essentia, that the vehicle The vehicle remained upright and stable during and Pass
remain upright during and after collision. after the collision.
Vehicle Trajectory
K.  After callision, it is preferable that the vehicl€'s trgjectory The vehicle did not intrude into adjacent traffic lanes as Pass
not intrude into adjacent traffic lanes. it remained adjacent to the guardrail.
M.  Theexit angle from the test article preferably should be less | Exit angle at loss of contact was 8.2 degrees, which
than 60 percent of test impact angle, measured at time of was 52 percent of the impact angle. Pass

vehicle loss of contact with test device.
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