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INTRODUCTION

PROBLEM

In July of 1993, the Federal 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, as the official guidelines
for performance evaluation of roadside safety hardware.(1) NCHRP Report 350 specifies the required
crash tests for longitudinal barriers, terminals and transitions, as well as evaluation criteria for structural
adequacy, occupant risk, and post-test vehicle trajectory for each test. FHWA has further mandated
that all roadside safety features installed under new construction on the National Highway System
(NHS) meet NCHRP Report 350 performance evaluation guidelines. Implementation of this
requirement for breakaway devices, longitudinal barriers (except weak-post W-beam guardrail), crash
cushions, and W-beam guardrail terminals on new construction went into effect on October 1, 1998.
Guardrail to bridge rail transitions 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 features to
evaluate their performance under these guidelines.

BACKGROUND

Since the adoption of NCHRP Report 350, FHWA has used pooled funds to help various
States crash test and evaluate various roadside safety devices. Although numerous tests have been
performed, and some longitudinal barriers and terminals approved meet NCHRP Report 350
specifications, there is still a need to evaluate 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
transitions, 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 evaluate several terminals,
transitions, and longitudinal barriers to NCHRP Report 350. NCHRP Report 350 specifies crash tests
and evaluation criteria for three performance levels for terminals and six performance levels for
transitions and longitudinal barriers.

Two buried-in-backslope terminals and one cable terminal were evaluated under this contract.
The first buried-in-backslope terminal evaluated was the G4 on steel posts and wood blockouts with a
rub rail and a 6:1 vee ditch and the other was a G4 with steel posts and wood blockouts with a 4 to 1
slope. NCHRP Report 350 test 3-35 with the pickup truck at 100 km/h and 20 degrees was
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performed on these buried-in-backslope terminals. The cable terminal evaluated was the 3-strand New
York cable rail terminal. NCHRP Report 350 test 3-34, with the small car at 100 km/h and 15 degrees
(impacting the critical impact point of the terminal) was performed on the New York cable rail terminal.

The transitions evaluated under this contract included the vertical wall transition (W-beam with
W-beam rub rail and steel posts), the vertical flared back transition (W-beam with channel rub rail,
steel posts, and routed wood blockouts), the Pennsylvania Department of Transportation (DOT)
transition (vertical flared back concrete parapet with W-beam rub rail, steel posts, and routed wood
blockouts), the Nebraska thrie beam transition (vertical wall parapet with thrie beam), and the
Connecticut W-beam transition (vertical wall with W-beam and channel rub rail). NCHRP Report 350
test 3-21 with the pickup truck at 100 km/h and 25 degrees was performed on each to evaluate these
transitions.

The longitudinal barriers evaluated 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 a New York cable rail terminal. This median barrier was
previously 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 steel 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 evaluation. The modified thrie beam guardrail with 2.1-m-long W150x14 steel posts and
W360x33 blockouts (Design No. SGR09b) was evaluated to TL-4 with the single-unit truck at 80
km/h and 15 degrees, NCHRP Report 350 test 4-12.

Construction details of all the terminals, transitions, and longitudinal barriers evaluated are given
in the following sections of this report. Also included are details of the crash tests performed and the
assessment of each test.
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TEST PARAMETERS

TEST FACILITY

All testing performed under this contract was performed by Texas Transportation Institute
(TTI). The test facilities at the TTI’s Proving Ground consist of an 809-hectare complex of research
and training facilities situated 16 km northwest of the main campus of Texas A&M University. The site,
formerly an Air Force Base, has large expanses of concrete runways and parking aprons well suited for
experimental research and testing in the areas of vehicle performance and handling, vehicle-roadway
interaction, durability and efficacy of highway pavements, and safety evaluation of roadside safety
hardware. The sites selected for placing of each of the test articles is along a wide expanse of out-of-
service aprons and runways. The aprons/runways consist 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 level.

TEST ARTICLES

All test articles evaluated were constructed according to details and drawings provided by
FHWA and/or the States. Drawings of each installation 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 evaluated. 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 vehicles in each test were directed into the installation using the cable reverse tow
and guidance system (detailed in appendix A), and were released to be free-wheeling and unrestrained
just prior to impact.  

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

EVALUATION CRITERIA

The crash tests performed were evaluated in accordance with the criteria presented in NCHRP
Report 350.  As stated in NCHRP Report 350, “Safety performance of a highway appurtenance
cannot be measured directly but can be judged on the basis of three factors: structural adequacy,
occupant risk, and vehicle trajectory after collision.”  Accordingly, safety evaluation criteria from table
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5.1 of NCHRP Report 350 were used to evaluate the crash tests reported herein. An assessment of the
criteria related to each particular test is included at the end of each test.

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

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

Test Conditions

According to NCHRP Report 350, a total of up to seven tests is 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-backslope 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.

This test is intended primarily to evaluate 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) is flared back in a 4 to 1 ratio. The guardrail between posts 2 and 4 is flared back in a
6 to 1 ratio; between posts 4 and 8 in an 8 to 1 ratio; and between posts 8 and 22 in a 13 to 1
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 parallel 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.
The top of the rail 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 (PWE01) using wood blockouts (PDB01 - 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 a 6 to 1 slope from the pavement
for 2700 mm and then a 4 to 1 backslope continuing behind the rail. The vee ditch crosses the
terminal 711 mm upstream of post 8.

Drawings for the buried-in-backslope 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
the day of the test were as follows: wind speed:   9 km/h; wind
direction:  180 degrees with respect to the vehicle (vehicle
traveling northeasterly); temperature:  16EC; relative humidity:  84
percent.

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.

Impact 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, at 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 appendix C, figures 92 and 93.
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Figure 2.  G4 W-beam guardrail backslope anchor terminal installation prior to test 404211-1.
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Figure 3.  Vehicle before test 404211-1.
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Damage to 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 all 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 left 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:

! 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.
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Figure 4.  G4 W-beam guardrail buried-in-backslope terminal after test 404211-1.
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Figure 5.  Vehicle after test 404211-1.
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0.000 s 0.148 s 0.296 s 0.493 s

General Information
Test Agency . . . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . . . . .

Test Article
Type . . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . . . . .
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
2000
    76
2076

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 . . . . . . . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

      PHD (g’s) . . . . . . . . . . . . . . . . . .
      ASI . . . . . . . . . . . . . . . . . . . . . . .

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

97.2
25.2

70.6
  8.1

   7.2
   7.2
 25.0

-9.4
 8.6
 9.3
 1.15

-6.0
 8.8
-9.3

Test Article Deflections (m)
Dynamic . . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . . . .

Vehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . . . .

Post-Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . . .
Max. Pitch Angle (deg) . . . . . .
Max. Roll Angle (deg) . . . . . . .

0.67
0.41

11LFQ4
11FLEK2
  &11LYEW3

520

FS0100002

45

32
11
38

Figure 6.  Summary of results for the Buried-in-Backslope Terminal (with 6 to 1 vee ditch) test, NCHRP Report 350 test 3-35.
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Result: The buried-in-backslope terminal with 6 to 1 vee ditch contained and
redirected the vehicle. Maximum deflection of the guardrail was 0.67 m.

! 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 or debris were present to penetrate or to show
potential for penetrating the occupant compartment, or to present undue
hazard to others in the area. Maximum deformation of the occupant
compartment was 45 mm.

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

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

! Vehicle Trajectory

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

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

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

ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

No debris was present.

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None (stress cracking only)
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed
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3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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BURIED-IN-BACKSLOPE TERMINAL (WITH 4 to 1 SLOPE) 
(NCHRP REPORT 350 TEST NO. 3-35)

Test Conditions

The test performed on this buried-in-backslope terminal (with 4 to 1 slope) 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. The beginning of the length
of need for this terminal was determined to be at post 8.

Test Article

A W-beam guardrail can be terminated by burying the end of the rail element into a soil berm. 
This type of guardrail termination installation will herein be referred to as a “buried-in-backslope end
treatment.” 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) is flared back in a 4 to 1 ratio. The guardrail between posts 2 and 4 is flared back in a 6 to 1
ratio; between posts 4 and 8 in an 8 to 1 ratio; and between posts 8 and 20 in a 13 to 1 ratio. In
addition, the guardrail between post 8 and post A is tapered from 705 mm to 504 mm, measured from
the top of the rail to the shoulder grade. The guardrail, beginning at post 8, is parallel to the travel way
and extends for 30.5 m beyond post 20 (length of need).  The top of the rail for the length of need is
705 mm, measured from the shoulder grade. 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
(PWE01) using wood blockouts (PDB01 - modified) with one 16-mm button-head bolt at every post.
The 150-mm x 200-mm wood blockout is routed to fit 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 figure 7. 

A W-beam rubrail extends from post 2 to post 20. The rubrail is mounted to the steel 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 special 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 installation. It consists of a 4 to 1 slope from the pavement edge
for 1830 mm and then a 2 to 1 backslope continuing behind the rail. The vee ditch crosses the rail
terminal at post 8.

Drawings for the buried-in-backslope end treatment are shown in figure 7.  Photographs of the
completed installation as tested are shown in figure 8.



20

Fi
gu

re
 7

.  
D

et
ai

ls
 o

f t
he

 G
4 

W
-b

ea
m

 g
ua

rd
ra

il 
bu

rie
d-

in
-b

ac
ks

lo
pe

 in
st

al
la

tio
n 

fo
r t

es
t 4

04
21

1-
13

.



21

Fi
gu

re
 7

.  
D

et
ai

ls
 o

f t
he

 G
4 

W
-b

ea
m

 g
ua

rd
ra

il 
bu

rie
d-

in
-b

ac
ks

lo
pe

 in
st

al
la

tio
n 

fo
r t

es
t 4

04
21

1-
13

 (c
on

tin
ue

d)
.



22

Fi
gu

re
 7

.  
D

et
ai

ls
 o

f t
he

 G
4 

W
-b

ea
m

 g
ua

rd
ra

il 
bu

rie
d-

in
-b

ac
ks

lo
pe

 in
st

al
la

tio
n 

fo
r t

es
t 4

04
21

1-
13

 (c
on

tin
ue

d)
.



23

Figure 8.  G4 W-beam guardrail buried-in-backslope 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 rainfall 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
follows:  wind speed:  5 km/h; wind direction:180 degrees with respect
to the vehicle (vehicle was traveling in a northwesterly direction); 
temperature:  32EC;  relative humidity:  50 percent.

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 static 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.
Additional dimensions 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-backslope terminal at a speed of
101.1 km/h and impact angle of 25.9 degrees. As the vehicle contacted the installation, the left side of
the vehicle was pitched downward and the left front tire was airborne. Shortly after contact, post 8
moved. Posts 9 and 10 moved at 0.012 s and 0.045 s, respectively. At 0.062 s the vehicle began to
redirect and at 0.077 s the right front wheel 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 element at 0.237 s. The vehicle became parallel with the rail element at
0.267 s and was traveling at a speed of 67.6 km/h. At 0.556 s the vehicle lost contact with the
installation and was traveling at a speed of 65.0 km/h and an exit angle of 17.5 degrees. As the vehicle
lost contact with the rail element, 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 applied. Sequential photographs of
the test period are shown in appendix C, figures 94 and 95.

Damage to Test Article

The buried-in-backslope terminal sustained minimal damage as shown in figure 10. Two
sections of W-beam rail element 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 installation. The tops of the
blockouts at posts 10 and 11 were scarred. Length of contact of the vehicle with the installation 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 element.
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Figure 9.  Vehicle before test 404211-13.
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Figure 10.  Installation after test 404211-13.



27

Vehicle Damage

The pickup sustained moderate damage as shown in figure 11. Structural damage included
deformed left front frame and left outer tie rod. Also damaged were the front bumper, hood, radiator,
fan, left front tire and wheel, left front quarter panel, left door, and left 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 at 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 appendix B, tables 27 and 28.

Occupant Risk Factors

Data from the triaxial accelerometer, located at the vehicle center of gravity (c.g.), were
digitized to compute occupant impact velocity and ridedown accelerations. The occupant impact
velocity and ridedown accelerations in the longitudinal axis only are required from these data for
evaluation of criterion L of NCHRP Report 350. In the longitudinal direction, occupant impact velocity
was 5.4 m/s at 0.137 s, maximum 0.010-s ridedown acceleration was -8.3 g’s from 0.153 to 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’s from 0.157 to 0.167 s, and the maximum 0.050-s average was 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. Vehicle angular displacements are displayed in appendix D, figure 119. Vehicular
accelerations versus time traces are presented in appendix E, figures 142 through 147.

Assessment of Test Results

The following NCHRP Report 350  safety evaluation criteria were used to evaluate 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 article is
acceptable.

Result: The terminal contained and redirected the 2000-kg pickup truck. The vehicle
did not penetrate, underride, or override the installation. Maximum dynamic
deflection during the test was 0.861 m.
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Figure 11.  Vehicle after test 404211-13.



29

0.000 s 0.128 s 0.383 s 0.893 s

General  InformationGeneral  Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

Type . . . . . . . . . . . . . . . . . . .
Designation . . . . . . . . . . . .
Model . . . . . . . . . . . . . . . . .
Mass (kg)

Curb . . . . . . . . . . . . . . . . .
Test Inertial . . . . . . . . . .
Dummy . . . . . . . . . . . . . .
Gross Static . . . . . . . . . .

Texas Transportation Institute
404211-13
07/27/00

Terminal
Buried-in-Backslope w/4 to 1 slope
38.2
W-beam Guardrail on Steel posts w/wood blockouts,
Rubrail, 4 to 1 Slope
Standard Soil, Dry

Production
2000P
1995 GMC 2500 Pickup Truck

2107
2000
    75
2075

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

101.1
 25.9

 65.0
 17.5

  5.4
  6.5
28.5

-8.3
  7.9
10.9
  0.99

-6.5
 7.7
-4.7

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

   Working Width . . . . . . . . . . .
Vehicle DamageVehicle Damage

Exterior
VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

0.861
0.695
1.087

11LFQ4
11FLEK2
&11LYEW3

550

LF0102000

125 

 43
   7
-18

Figure 12.  Summary of results for the buried-in-backslope terminal (with 4 to 1 vee ditch) test, NCHRP Report 350 test 3-35.
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! 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: The blockout at post 9 detached but did not penetrate or show potential for
penetrating the occupant compartment, or present undue hazard to others in the
area. Maximum occupant compartment deformation was 125 mm and was
judged not to cause serious injury.

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

Result: The vehicle remained upright during and after the collision period.

! Vehicle Trajectory

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

Result: 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: Longitudinal occupant impact velocity was 5.4 m/s and longitudinal ridedown
acceleration was -8.3 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.

Result: Exit angle at loss of contact was 17.5 degrees, which was 68 percent of the
impact angle; however, the vehicle yawed toward the installation and came to
rest adjacent to the length of need.
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The following supplemental evaluation factors and terminology were used for visual assessment
of test results:

ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

The blockout at post 9 detached and came to rest behind the installation.

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed
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3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired



33

NEW YORK TERMINAL FOR 3-CABLE BARRIER 
(NCHRP REPORT 350 TEST NO. 3-34)

Test Conditions

The test performed on the New York terminal for 3-cable barrier was NCHRP Report 350
test designation 3-34:  an 820-kg passenger car impacting the terminal at a nominal impact speed and
angle of 100 km/h and 15 degrees midpoint between the end of the terminal 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-sloping portion of the anchor.

Test Article

A 119.8-m-long New York 3-strand cable rail system was constructed for full scale crash
testing of the terminal. The installation was constructed on a 6 to 1 slope as shown on page 1 of
figure 13. Installation height of the system was 685 mm from the ground line to the center of the top
cable. The posts were Type S75×8 steel posts spaced 5000 mm on-center. The posts were installed in
NCHRP Report 350 standard soil. The three cables were each 19-mm diameter 3-strand/7-wire rope
cable, spaced 76 mm apart 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 standard turnbuckle assembly, bolted to a breakaway anchor
angle, and anchored rigidly to a concrete footing. Additionally, the last post on each end of the
installation was anchored in the concrete footing and made frangible by a slip base connection. The
concrete footing for the last post and the cable anchor terminal were constructed in two units that mated
together with a tongue and groove as shown on page 2 of figure 13. The last post flared back from the
tangent a total distance of 1220 mm over a total 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 steel 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 a total 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. Construction details are shown on pages 2 and 3 of figure 13.
Photographs of the completed test installation are shown in figure 14.

The concrete footing for the cable anchor terminal 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 terminal was 990 mm.  The tops of the terminal units were
constructed on a 6 to 1 slope. The units were connected together by an integral key way measuring 50
mm by 100 mm at the bottom and 50 mm by 150 mm at the top. 
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Figure 14.  New York cable rail terminal installation prior to test 404211-6.
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Soil and Weather Conditions

The test was performed the morning of October 1, 1998. No rainfall occurred during the 10
recording days prior to the test. Moisture content of the NCHRP Report 350 soil in which the terminal
was installed was between 6.9 and 7.5 percent. Weather conditions
during the time of the test were as follows: wind speed: 8 km/h; wind
direction: 190 degrees with respect to the vehicle (vehicle was
traveling in a northwesterly direction);  temperature: 31EC; relative
humidity: 64 percent.

Test Vehicle

A 1992 Ford Festiva, shown in figure 15, was used for the crash test. Test inertia weight 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. Additional dimensions and
information on the vehicle are given in appendix B, figure 81.

Impact Description

The vehicle, traveling at 99.3 km/h, impacted the New York terminal at 14.7 degrees. Initial
contact with the terminal was such that the right front corner of the bumper of the vehicle impacted the
cables in the downward-sloping portion of the anchor. Approximately 0.013 s after impact, the vehicle
bumper contacted the end post (post 1), which activated at the slip base. The front right tire contacted
the post at 0.036 s and knocked the post to the ground. The right rear wheel lost contact with the
ground at 0.059 s and the right front at 0.085 s. The vehicle lost contact with the terminal at 0.115 s
while traveling at a speed of 94.4 km/h and an exit angle behind the terminal of 15.7 degrees. The
vehicle continued to travel down the slope of the ditch and the right side wheels 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 slope and traveled out of what would be the right of way and into private property. Brakes on the
vehicle were not applied. As the vehicle entered the brushy area beyond the right of way, it yawed
clockwise and rolled onto its left side for reasons not related to the performance of the guardrail (the
vehicle impacted a large bush). The vehicle came to rest 42.5 m down from impact and 25.0 m behind
the installation. Sequential photographs of the test period are shown in appendix C, figures 96 and 97.

Damage to Test Article

Damage to the 3-cable New York cable rail terminal was minimal as shown in figure 16. The
end post broke away at the slip base and was found 480 mm from the base. The rear bolt on the right
side remained on the base and the rear bolt from the left side was lying near the base. The two bolts on
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 slack throughout the length of the installation, but
neither anchor moved.
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Figure 15.  Vehicle before test 404211-6.
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Figure 16.  New York cable rail terminal after test 404211-6.
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Vehicle Damage

The vehicle sustained little damage from impact with the terminal. Structural damage included a
deformed lower control arm and strut tower and a torn 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 sloped 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 terminal. 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 longitudinal 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-
s average 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’s from 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 appendix D, figure 120.  Vehicular accelerations versus time
traces are presented in appendix E, figures 148 through 157.

Assessment of Test Results

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

! Structural Adequacy

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

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

! 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.



Figure 17.  Vehicle after test 404211-6.
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0.000 s 0.077 s 0.154 s 0.256 s

General Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

Type . . . . . . . . . . . . . . . . . . .
Designation . . . . . . . . . . . .
Model . . . . . . . . . . . . . . . . .
Mass (kg)

Curb . . . . . . . . . . . . . . . . .
Test Inertial . . . . . . . . . .
Dummy . . . . . . . . . . . . . .
Gross Static . . . . . . . . . .

Texas Transportation Institute
404211-6
10/01/98

Terminal
New York 3-Cable Guardrail Terminal
119.8
3 @ 19-mm Diameter Wire Rope Cables
With Embedded Concrete Anchor Block
Standard Soil, Dry

Production
820C
1992 Ford Festiva

810
820
  76
896

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

99.3
14.7

94.4
15.7

 1.8
 0.9
7.8

-3.1
-3.0
3.9
0.22

-2.3
-1.4
-2.0

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

Vehicle DamageVehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

nil
nil

12FR1
12FRLN1

nil

RF0000000

0 

-25
 11
 20

Figure 18.  Summary of results for the New York terminal test, NCHRP Report 350 test 3-34.



43

Result: No detached elements, fragments or debris were present to penetrate or to show
potential for penetrating the occupant compartment, or to present undue hazard to
others in 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.

Result: The vehicle remained upright during and immediately after the collision period, but
rolled onto its side after exiting the test site for reasons not related to the performance
of the guardrail.

H. Occupant impact velocities should satisfy the following:
 Longitudinal and Lateral Occupant Impact Velocity - m/s 

Preferred Maximum
      9        12

Result: Longitudinal occupant impact velocity was 1.8 m/s and lateral occupant impact velocity
was 0.9 m/s

I. Occupant ridedown accelerations should satisfy the following:
  Longitudinal and Lateral Occupant Ridedown Accelerations - g's 

Preferred Maximum
     15        20

Result: Longitudinal ridedown acceleration was -3.1 g’s and lateral ridedown acceleration was
-3.0 g’s

! Vehicle Trajectory

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

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

N. Vehicle trajectory behind the test article is acceptable.

Result: The vehicle came to rest behind the test article.

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:
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ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

No debris was present.

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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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
transition at the critical impact point (CIP) of the transition at a nominal speed and angle
of 100 km/h and 20 degrees. The test is intended to evaluate occupant risk and post-
impact trajectory.

NCHRP Report 350 test designation 3-21: A 2000-kg pickup truck impacting the
transition at the CIP of the transition at a nominal speed and angle of 100 km/h and 25
degrees. The test is intended to evaluate strength of the section in containing and
redirecting the 2000-kg vehicle.

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

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

Test Conditions

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

Test Article

This test was performed on the W-beam with W-beam rub rail and steel posts transition to the
vertical concrete bridge rail. This is a modification to the standard 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 tapered from
a vertical face at the rail transition to a NJ-shape bridge rail over 3.2 m. The spread footing was 3.2 m
by 2.18 m in 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 simulated bridge rail was constructed adjacent
to the parapet wall.
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A standard W-beam guardrail with steel posts and wood blockouts is transitioned over a length
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 guardrail elements are
attached to a RWE02a terminal connector with eight standard guardrail connector bolts. The terminal
connector is bolted through formed holes in the parapet wall with four M22x250 mm H.S. (high
strength) hex bolts with a standard FPB02 terminal connector bearing plate on the back of the parapet
wall. Posts 1, 2, 3, 5, and 7 are not connected to the rail. Post 4 is connected to the rail with an FBB03
guardrail bolt and recess nut with a rectangular plate washer under the bolt head and a steel 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 all posts.

The center of the rub rail is mounted 190 mm above the ground at the rail. The W-beam rub
rail is attached to a RWE02a terminal connector with eight standard guardrail connector bolts. The
terminal connector is bolted through formed holes in the parapet wall with four M22x250 mm H.S. hex
bolts with a standard FPB02 terminal 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 steel washer
under the nut. The 100-mm-wide x 360-mm-long wood blockout used behind the rub rail at posts 1, 2,
3, and 4 was tapered to allow 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
PWE02 steel posts. The post spacing between the parapet wall, posts 1, 2, 3, and 4 is 476 mm. The
post spacing between posts 4, 5, 6, 7, and 8 is 953 mm. The post spacing for the standard guardrail
section is 1905 mm. The guardrail is anchored at the upstream end with a standard ET-2000. The
completed installation is shown in figure 20.

Soil and Weather Conditions

The test was performed the morning of July 27, 1998. No rainfall 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
the time of the test were as follows: wind speed: 10 km/h; wind
direction: 15 degrees with respect to the vehicle (vehicle was traveling
in a south/southwesterly direction); temperature: 33EC; relative
humidity: 58 percent.

Test Vehicle

A 1995 Chevrolet 2500 pickup truck, shown in figure 21, was used for the crash test. Test
inertia weight of the vehicle was 2000 kg, and its gross static weight was 2074 kg. The height to 
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Figure 20.  Vertical wall transition prior to test 404211-2.
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Figure 21.  Vehicle before test 404211-2.



51

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

Impact Description

The vehicle, traveling at 97.5 km/h, impacted the vertical wall transition 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 s redirection 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 s the 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 the rail at 0.207 s, and the right front tire lost contact with the ground. At
0.240 s the right rear tire snagged on the rail and at 0.261 s the tire blew out. At 0.272 s the vehicle
began to roll clockwise. The vehicle, traveling at 66.5 km/h, was parallel to the installation at 0.289 s.
The right front tire contacted the ground at 0.467 s. The vehicle lost contact with the transition at
0.625 s, and was traveling at 52.5 km/h and an exit angle of 7.3 degrees.  As the vehicle exited the
transition, the vehicle continued to roll clockwise and touched down on its right front corner. Brakes on
the vehicle were not applied. The truck slid to a stop on its right side 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. 

Damage to Test Article

The vertical wall transition received moderate damage as shown in figure 22. The rail was
deformed from post 5 through post 1. The blockout on the upper rail element 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 element at post 2 was gouged. A piece of metal 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. Total length of contact of the vehicle with the transition and CMB was 4.24 m. Maximum
permanent deformation of the rail was 90 mm at post 2.

Vehicle Damage

The vehicle sustained substantial damage as shown in figure 23. Structural damage included the
right front spindle, rod ends, stabilizer bar, front cross member, upper and lower A-arms, right side
floor pan, firewall, and frame. The right rear axle springs, U-bolts, and right A-pillar sustained damage.
The right front and rear tire and wheel 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 left front quarter panel was damaged and the left door was jammed. The windshield was shattered.
A 20-mm buckle was noted on the passenger’s side of the cab and the cab shifted out 70 mm on the
driver’s side. Maximum exterior crush to the vehicle was 540 mm at the top of the front bumper and
530 mm at the wheel well. Occupant compartment deformation was 40 mm in the floor to instrument
panel area and 97 mm in the firewall area. Details can be found in appendix B, tables 31 and 32.



52

Figure 22.  Installation after test 404211-2.



53 After being righted

Figure 23.  Vehicle after test 404211-2.



54

Occupant Risk Factors

In the longitudinal 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 lateral direction, the
occupant impact velocity was 7.8 m/s at 0.109 s, the highest 0.010-s occupant ridedown acceleration
was 12.5 g’s from 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 appendix D, figure 121.  Vehicular accelerations versus
time traces are presented in appendix E, figures 158 through 168.

Assessment of Test Results

The following NCHRP Report 350  safety evaluation criteria were used to evaluate 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 article is acceptable.

Result: The vertical wall transition contained and redirected the vehicle. The vehicle did not
penetrate, underride, or override the installation. Maximum permanent deformation
was 0.01 m. 

! 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 potential for penetrating the occupant compartment, or to present undue hazard
to others in the area. Maximum reduction of space was 27 percent in the center floor
pan area, which may cause serious injury.

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

Result: The vehicle rolled onto its right side after exiting the installation.
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0.000 s 0.098 s 0.245 s 0.465 s

General  InformationGeneral  Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

Type . . . . . . . . . . . . . . . . . . .
Designation . . . . . . . . . . . .
Model . . . . . . . . . . . . . . . . .
Mass (kg)

Curb . . . . . . . . . . . . . . . . .
Test Inertial . . . . . . . . . .
Dummy . . . . . . . . . . . . . .
Gross Static . . . . . . . . . .

Texas Transportation Institute
404211-2
07/27/98

Transition
Vertical Wall Transition
35.3
W-beam with W-beam Rub Rail & Steel Posts to
Vertical Concrete Bridge Rail
Standard Soil, Dry

Production
2000
1995 Chevrolet Pickup Truck

2056
2000
    74
2074

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

97.5
25.5

52.5
  7.3

  9.1
  7.8
38.6

-15.1
 12.5
 14.8
   1.70

-12.1
-13.3
   6.7

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

Vehicle DamageVehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

N/A
0.09

01RFQ5
01FREK4
 & 01RDEW4

540

FS0113000

97 

-34
  -9
 45

Figure 24.  Summary of results for the first test on the vertical wall transition, NCHRP Report 350 test 3-21.
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! Vehicle Trajectory

K. After collision it is preferable that the vehicle’s trajectory 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: Longitudinal occupant impact velocity was 9.1 m/s and longitudinal ridedown
acceleration was -15.1 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.

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

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:

ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement
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óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

No debris was present.

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None (during test)
b. Minor chip or crack
c. Broken, no interference

with visibility (after roll over)
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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VERTICAL WALL TRANSITION—TEST 12
(NCHRP REPORT 350 TEST NO. 3-21)

Test Conditions

This test was a repeat of NCHRP Report 350 test 3-21. The BARRIER VII program
indicated the CIP to be 1.5 m from the end of the vertical wall concrete parapet.

Test Article

This test was performed on this transition previously (Test 2). When constructing the installation
for the previous test, the end shoe would fit properly only if lapped over the W-beams. During the test
the vehicle snagged on the exposed end of the end shoe and the vehicle rolled onto its side after exiting
the transition. The installation used for the last test was repaired for use in the repeat test. The end shoe
was modified to fit while lapped under the W-beams when installed on the W-beam with W-beam rub
rail and steel posts transition. The holes in the terminal connector were enlarged with a drift pin (punch)
so that the splice bolts could be installed with the terminal connector lapped under the W-beams. The
terminal connector was then bolted through formed holes in the parapet wall with four M22x250 mm
high strength (H.S.) hex bolts with a standard FPB02 terminal connector bearing plate on the back of
the parapet wall. Drawings of the installation were shown previously in figure 19.  Photographs of the
completed installation as tested are shown in figure 25.

Soil and Weather Conditions

The crash test was performed the morning of November 5, 1998.  A total 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.  Weather conditions at the time of
testing were as follows:  wind speed:  13 km/h; wind direction:  180
degrees with respect to the vehicle (vehicle was traveling in a southerly
direction); temperature:  12EC; relative humidity:  57 percent.

Test Vehicle

A 1994 Chevrolet 2500 pickup truck, shown in figure 26, was used for the crash test. Test
inertia weight 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. Additional dimensions and information on the vehicle are given in appendix B, figure 83.
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Figure 25.  Vertical wall transition prior to test 404211-12.
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Figure 26.  Vehicle before test 404211-12.
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Impact Description

The vehicle, traveling at 101.3 km/h, impacted the transition 1.6 m from the end of the concrete
parapet at an angle of 24.2 degrees. Shortly after impact posts 4, 3, and 2 moved. At 0.015 s the right
front tire contacted the W-beam and then steered left. By 0.017 s post 4 moved and at 0.034 s the
concrete parapet moved. The right front wheel was traveling parallel with the rail and the tire impacted
the rub rail at 0.037 s. Redirection of the vehicle began at 0.040 s and at 0.191 s the vehicle was
traveling parallel with the rail at a speed of 79.6 km/h. The rear of the vehicle contacted the W-beam at
0.196 s. The vehicle lost contact with the transition and parapet at 0.414 s, and was traveling at 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
came to rest 54.1 m beyond impact and 8.4 m toward traffic lanes. Sequential photographs of the test
period are shown in appendix C, figures 100 and 101.

Damage to Test Article

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

Vehicle Damage

The vehicle sustained structural damage 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 tire and rim,
right front quarter panel, right door, right rear quarter panel, rear bumper, and right rear tire and 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
at the right corner at bumper height. Maximum occupant compartment deformation was 80 mm in the
lateral 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

Longitudinal occupant impact velocity was 7.3 m/s at 0.156 s, maximum 0.010-s ridedown
acceleration was -6.7 g’s from 0.209 to 0.219 s, and the maximum 0.050-s average was -10.9 g’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 appendix D, figure 122.  Vehicular
accelerations versus time traces are presented in appendix E, figures 169 through 179.
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Figure 27.  Installation after test 404211-12.
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Figure 28.  Vehicle after test 404211-12.
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0.000 s 0.095 s 0.238 s 0.453 s

General  InformationGeneral  Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

Type . . . . . . . . . . . . . . . . . . .
Designation . . . . . . . . . . . .
Model . . . . . . . . . . . . . . . . .
Mass (kg)

Curb . . . . . . . . . . . . . . . . .
Test Inertial . . . . . . . . . .
Dummy . . . . . . . . . . . . . .
Gross Static . . . . . . . . . .

Texas Transportation Institute
404211-12
11/05/98

Transition
Vertical Wall Transition
35.3
W-Beam With W-Beam Rub Rail & Steel
Posts to Vertical Concrete Bridge Rail
Standard Soil, Damp

Production
2000P
1994 Chevrolet 2500 Pickup Truck

1925
2000
    77
2077

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

101.3
  24.2

73.3
13.9

7.3
7.8
35.6

  -6.7
-10.1
 10.6
1.85

-10.9
-13.9
  -9.5

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

Vehicle DamageVehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

0.07
0.03

01RFQ4
01FYEK2
 & 01RDEW3

500

RF0104000

90 

-50
   8
 25

Figure 29.  Summary of results for the repeat test on the vertical wall transition, NCHRP Report 350 test 3-21.
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Assessment of Test Results

The following NCHRP Report 350  safety evaluation criteria were used to evaluate 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 article is acceptable.

Result: The W-beam with W-beam rub rail on steel posts transition to the vertical concrete
bridge railing contained and redirected the vehicle. The vehicle did not penetrate,
override, or underride the installation.

! 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 potential for penetrating the occupant compartment, or to present undue hazard
to others in the area. Maximum occupant compartment deformation was 80 mm in
the lateral direction near the occupant’s feet.

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

Result: The vehicle remained upright during and after the collision event.

! Vehicle Trajectory

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

Result: The vehicle came to rest 8.4 m toward traffic lanes and may intrude into adjacent
traffic lanes.
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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: Longitudinal occupant impact velocity was 7.3 m/s and ridedown acceleration was -
6.7 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.

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

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:

ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

No debris was present.
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óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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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 vertical flared back transition.
The BARRIER VII program indicated the CIP to be 1.5 m from the end of the vertical wall concrete
parapet.

Test Article

The W-beam with W-beam rub rail and steel posts transition to the vertical flared back
concrete bridge rail consisted of a portion of simulated bridge rail, a wingwall, a transition, a length of
approach guardrail, and a guardrail terminal. Drawings for this transition are presented in figure 30. 
Photographs of the completed test installation are shown in figure 31.

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

The approach guardrail (7620 mm long) was a 2.67-mm-thick (12-ga) W-beam mounted on
W150X14 steel posts spaced at 1905 mm with 150 mm x 200 mm routed wood blockouts. Mounting
height to the top of the rail element was 706 mm. An ET-2000 terminal (15.24 mm long) was installed
on the end of the guardrail.

The transition, starting from the guardrail end, consisted 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 transition, 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 steel spacer
tube was installed 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 posts in the
transition (posts 4–8) were W150x15x1980 steel posts and were embedded 1250 mm into the ground.

The rub rail consisted of a length of C152x12.2 and a length 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 side of post 5. The centerline height of the rub rail was 230 mm.
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Figure 31.  Vertical flared back transition prior to test 404211-4.
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Holes, 610 mm in diameter, were drilled for each post. The post was installed and the hole
backfilled with NCHRP Report 350 standard soil (Georgetown crushed limestone). Similar backfill
was used around the wingwall and the foundation for the simulated bridge rail.

Soil and Weather Conditions

The test was performed the morning of September 3, 1998. Only a trace of  rain was recorded
during the 10 recording days prior to the test. Moisture content of the NCHRP Report 350 soil in
which the transition was installed was 9.1 percent, 8.9 percent, and 7.3
percent at posts 1, 3, and 5, respectively. Weather conditions during the
time of the test were as follows: wind speed: 6 km/h; wind direction: 0
degrees with respect to the vehicle (vehicle was traveling in a northerly
direction); temperature: 41EC; relative humidity: 24 percent.

Test Vehicle

A 1994 Chevrolet 2500 pickup truck, shown in figure 32, was used for the crash test. Test
inertia weight 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.
Additional 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 vertical flared back transition 0.69 m from
the end of the bridge parapet at 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 side 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 rear tire
lost contact with the ground. The vehicle, traveling at 80.2 km/h, was parallel to the installation at 0.173
s. At 0.174 s, the left rear side of the vehicle contacted the rail element between posts 3 and 4. At
0.304 s, the left rear tire lost contact with the concrete parapet 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 transition, 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.  Sequential 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.

Damage to Test Article

The vertical flared back transition 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.  Installation after test 404211-4.
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post 3, the rub rail was twisted.  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 against the parapet and the
spacing was 15 mm. The concrete parapet was pushed back 25 mm. Total length of contact of the
vehicle with the transition and concrete parapet was 3.91 m.

Vehicle Damage

The vehicle sustained substantial damage as shown in figure 34. The upper and lower A-arms
and frame rail were all severely damaged. Both left-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 panel 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, left, 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 area and 27
mm in the firewall area.  Details can be found in appendix B, tables 35 and 36. 

Occupant Risk Factors

In the longitudinal 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’s from 0.101 to 0.111 s, and the maximum 0.050-
s average acceleration was -9.7 g’s between 0.049 and 0.099 s. In the lateral direction, the occupant
impact velocity was 7.7 m/s at 0.101 s, the highest 0.010-s occupant ridedown acceleration was
9.2 g’s from 0.126 to 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 appendix D, figure 123.  Vehicular accelerations versus time
traces are presented in appendix E, figures 180 through 190.

Assessment of Test Results

As stated previously, the following NCHRP Report 350  safety evaluation criteria were used to
evaluate 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 article is acceptable.

Result: The vertical flared back transition contained and redirected the vehicle. The vehicle did
not penetrate, underride, or override the installation. 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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0.000 s 0.099 s 0.223 s 0.545 s

General Information
 Test Agency . . . . . . . . . . . . .
 Test No. . . . . . . . . . . . . . . . . .
 Date . . . . . . . . . . . . . . . . . . . .
Test Article
 Type . . . . . . . . . . . . . . . . . . . .
 Name or Manufacturer . . . . . .
 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
404211-4
09/03/98

Transition
Vertical Flared Back Transition
38.3
W-beam with W-beam Rub Rail & Steel
Posts to Vertical Flared Back Parapet
Standard Soil, Dry

Production
2000P
1994 Chevrolet 2500 Pickup Truck

1865
2000
    74
2074

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 (g’s) . . . . . . . . . . . . . . . . . . . .
 ASI . . . . . . . . . . . . . . . . . . . . . . . .

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

101.0
  24.8

75.7
  5.2

 6.1
-7.7
33.6

-6.1
 9.2
 9.4
 1.58

   -9.7
  11.9
   -7.5

Test Article Deflections  (m)
Dynamic . . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . . .

Vehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . . .

Post-Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

0.17
0.09

11LFQ4
11FLEK3
 & 11LDEW3

530

LF0100000

75 

 76
  -7
-97

Figure 35.  Summary of results for the vertical flared back transition test, NCHRP Report 350 test 3-21.
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! 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 or debris were present to penetrate or to show potential for
penetrating the occupant compartment, or to present undue hazard to others in
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 transition, 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’s trajectory 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: Longitudinal occupant impact velocity was 6.1 m/s and longitudinal ridedown
acceleration was -6.1 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.

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

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:
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ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

No debris was present.

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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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 VII simulation program was used to select the CIP for this test. The
program indicated the CIP to be 2.0 m from the end of the concrete parapet.

Test Article

The Pennsylvania Guide Rail Transition (without drainage inlet) consists 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 transition
incorporates a “flared-back” C150 rub rail. The height of the W-beam guardrail used in this transition
was approximately 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 Transition, 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 slab constructed to support the concrete parapet were also received. TTI
incorporated the details provided from these drawings to construct the field test installation for this
project. TTI received all the hardware to construct this transition from Trinity Industries, Fort Worth,
Texas.

TTI constructed 5 m of Pennsylvania Standard Bridge Parapet from details provided to TTI by
Pennsylvania DOT. The standard parapet constructed for this project was approximately 1070 mm in
height and 440 mm in width at the base on the downstream end. At approximately 1802 mm from the
end of the parapet, the parapet flared 10 degrees back away from the traffic side and transitioned to a
height and width of approximately 810 mm, and 315 mm respectively, at the end of the parapet. The
parapet was supported by a 330-mm-thick concrete moment slab. Vertical reinforcement in the
parapet consisted of #16 enclosed stirrup bars located approximately 150 mm on centers. Longitudinal
reinforcement in the parapet consisted of six #16 bars located in the lower portion of the parapet 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, York, Pennsylvania, and
was installed in the parapet approximately 1280 mm from the end of the parapet and at a centerline
height of approximately 634 mm for anchoring the terminal connector to the parapet. Three 25-mm
pipe sleeves were cast in the parapet approximately 1287 mm from the end of the parapet (centerline
distance) and at a centerline height of approximately 330 mm. These pipe sleeves were used for
anchoring the rub rail to the parapet 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 slab constructed for the project was approximately 4.7 m by 6.6 m in plan and
330 mm thick. The slab was connected to an existing concrete runway slab located at our testing facility
with 762-mm-long dowels located approximately 456 mm on centers. The parapet and slab were
constructed so that the parapet was oriented approximately 10 degrees with the existing edge of
runway. Top transverse reinforcement in the slab consisted of #19 hooked bars located approximately
152 mm on centers. Bottom transverse reinforcement in the slab consisted of #16 straight bars located
approximately 305 mm on centers. Longitudinal reinforcement in the slab consisted of #13 straight bars
located approximately 305 mm on centers in both the top and bottom layers in the slab with the
exception of the distance between the second and third bars located from the field side edge of the slab.
These bars were located approximately 152 mm apart. The parapet was anchored to the slab by #16
“V-shaped” bars that were cast in the slab and extended from the bottom layer of reinforcement in the
slab 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 transition was attached to the concrete parapet with a 10-gauge W-beam terminal
connector welded to a steel plate. The connector attached  to the parapet using four 22-mm-diameter
ASTM A307 bolts in 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 steel
posts. The first four posts (posts 1 through 4) used in the transition 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 approximately 1030 mm below grade. The centerline of post 1 was
located approximately 263 mm from the end of the concrete parapet. A 150-mm-diameter by 305-
mm-long steel 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 approximately 952 mm apart from post 7 to 11. From post
11 to 15 (W-beam guardrail length of need), the post spacing was 1905 mm apart. A LET end
treatment was used beyond the length of need to anchor the W-beam guardrail.

The rub rail used for this project consisted of a two-piece rub rail mounted 330 mm from the
pavement surface to its centerline. Both pieces of the rub rail were fabricated from C150x12 steel
channel. Both pieces of the rub rail were spliced together at post 1 with a 10-mm-thick steel 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 approximately 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 installation as tested are shown in figure 37.
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Figure 37.  Pennsylvania transition 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 rainfall was recorded for the 10
days prior to the test. Moisture content of the NCHRP Report 350 standard soil in which the transition
was installed was 5.8 percent, 6.7 percent, and 7.6 percent at posts 1,
3, and 5, respectively.  Weather conditions at the time of testing were
as follows:  temperature:  33EC; wind speed: 0 km/h; wind direction: 0
(vehicle was traveling in a westerly direction);  relative humidity:  51
percent.

Test Vehicle

A 1996 Chevrolet 2500 pickup truck, shown in figure 38, was used for the crash test. Test
inertia weight 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. Additional dimensions and information on the vehicle are given in appendix B, figure 85.

Impact Description

The left front corner of the bumper of the 2000-kg pickup truck impacted the transition 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 s post 6 moved. At 0.013 s the left front tire contacted the rail element, and at 0.014 s post 2
moved. Posts 1 and 7 moved at 0.019 s and 0.31 s, respectively. The vehicle began to redirect at
0.052 s. The right front wheel lost contact with the pavement surface at 0.100 s, and by 0.141 s the
rear of the pickup truck contacted the rail element. The pickup truck became parallel with the transition
at 0.171 s and was traveling at a speed of 78.4 km/h. The right rear wheel lost contact with the
pavement surface at 0.194 s. At 0.220 s the left front wheel lost contact with the concrete parapet. The
left rear wheel lost contact with the concrete parapet at 0.332 s. The vehicle lost contact with the
transition 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 wheel touched the pavement surface at 0.552 s, and the left front at 0.619 s. The vehicle
remained upright and stable during the collision 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. Sequential photographs of the test period are shown in appendix C,
figures 104 and 105.
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Figure 38.  Vehicle before test 404211-3.
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Damage to Test Article

The Pennsylvania transition sustained minimal damage as shown in figure 39. Tire marks were
on the face of the W-beam rail element 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 terminal. Maximum dynamic deflection of the W-beam rail element was
177 mm.  Maximum permanent rail deformation of the W-beam rail element 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 transition was
3.9 m. No apparent cracking was observed in the concrete parapet or slab.

Vehicle Damage

The vehicle sustained damage to the left front as shown in figure 40. Structural damage included
the left front of the frame, left upper and lower A-arms, left tie rod end, stabilizer bar, floor pan and
firewall.  Also damaged were the front bumper, grill, fan, radiator, left front and rear quarter panels, left
door and window, left front and rear tires and wheel rims. The windshield sustained stress cracks.
Maximum exterior crush of the vehicle was 440 mm at the left front corner at 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 longitudinal direction, occupant impact velocity was 5.5 m/s at 0.100 s, maximum
0.010-s ridedown acceleration was -8.5 g’s from 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 lateral direction, the occupant impact velocity was
7.4 m/s at 0.100 s, the highest 0.010-s occupant ridedown acceleration was 7.8 g’s from 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 appendix D, figure 124, and accelerations versus time traces are shown in appendix E,
figures 191 through 201.

Assessment of Test Results

The following NCHRP Report 350  safety evaluation criteria were used to evaluate this crash
test:
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Figure 39.  Installation after test 404211-3.
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Figure 40.  Vehicle after test 404211-3.
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0.000 s 0.099 s 0.272 s 0.544 s

General  InformationGeneral  Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

Type . . . . . . . . . . . . . . . . . . .
Designation . . . . . . . . . . . .
Model . . . . . . . . . . . . . . . . .
Mass (kg)

Curb . . . . . . . . . . . . . . . . .
Test Inertial . . . . . . . . . .
Dummy . . . . . . . . . . . . . .
Gross Static . . . . . . . . . .

Texas Transportation Institute
404211-3
07/07/00

Transition
Pennsylvania Transition
31.0
W-beam Rail with Rub Rail Attached to Concrete
Parapet
Standard Soil, Dry

Production
2000P
1996 Chevrolet 2500 Pickup Truck

1903
2000
    75
2075

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

100.9
  24.3

  78.0
  13.7

  5.5
  7.4
32.1

 -8.5
  7.8
11.5
  1.71

-8.8
12.8   
 -7.7

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

Vehicle DamageVehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

0.177
0.110

11LFQ4
11FLEK3
& 11LDEW3

440

LF0200100

117

 46
  -6
-15

Figure 41.  Summary of results for the Pennsylvania Transition test, NCHRP Report 350 test 3-21.
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! 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 Pennsylvania transition contained and redirected the 2000P vehicle.  The vehicle
did not penetrate, underride, or override the installation.  Maximum lateral deflection
was 177 mm.

! 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 potential for penetrating the occupant compartment, or to present undue hazard
to others in the area.  Maximum deformation of the occupant compartment was
117 mm in the center floor pan area and was judged to not cause serious injury.

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

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

! Vehicle Trajectory

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

Result: The 2000P vehicle came to rest 25.9 m toward traffic lanes, which indicated intrusion
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: Longitudinal occupant impact velocity was 5.5 m/s and occupant ridedown
acceleration was -8.5 g’s.
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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.

Result: Exit angle at loss of contact with the transition was 13.7 degrees, which was
56 percent of the impact angle.

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:

ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on 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
perceived threat to other vehicles in those lanes.

óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

No debris was present to threaten workers or other vehicles.     

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage
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2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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NEBRASKA TRANSITION
(NCHRP REPORT 350 TEST NO. 3-21)

Test Conditions

The test performed on the Nebraska transition corresponds to NCHRP Report 350 test
designation 3-21. The BARRIER VII simulation program was used to select the CIP for this test. 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 transition piece. This transition
piece connected to 7.62 m of W-beam guardrail that was anchored with a LET End Treatment. The
height of the thrie beam transition was approximately 804 mm. The height of the W-beam guardrail was
approximately 706 mm. TTI received AutoCAD drawing details for this transition from Dr. Ron Faller
with Midwest Roadside Safety Facility in September 1999. TTI received additional drawings from
FHWA Eastern Federal Lands Highway Division (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 TTI 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
× 650-mm footing that was supported by two 450-mm-diameter drilled shafts spaced approximately
1.35 m apart. These drilled shafts extended 3.0 m below the footing, which was constructed flush with
grade. Reinforcement in the parapet consisted of #19 “U” shaped and straight vertical bars at 150 mm
on centers on each face of the parapet.  Horizontal reinforcement in the parapet consisted of eight sets
of overlapping #13 “U” and “V” shaped bars equally spaced. Reinforcement in the concrete footing
consisted of #13 closed stirrups at 150 mm on centers. These stirrups were not closed in the areas of
the vertical reinforcement for the drilled shafts extending into the footing. Longitudinal reinforcement in
the footing consisted of 10 #16 bars inside the stirrups. Reinforcement for the drilled shafts consisted of
12 #19 bars equally spaced inside #13 spiral reinforcement. The outside diameter of the spiral
reinforcement was approximately 300 mm. The #13 spiral reinforcement was constructed with a 45-
mm pitch. The average compressive strength of the parapet and footing concrete measured 31 MPa
(4500 psi) and 32 MPa (4636 psi), respectively. All reinforcement used in the parapet was bare steel
(not epoxy coated) and had an approximate yield strength of 420 MPa (60 ksi). Details of the parapet
are shown on page 1 of figure 42.

 The nested thrie beam transition was attached to the concrete parapet with a 10-gauge thrie
beam terminal connector attached  to the parapet using five 22-mm diameter ASTM A325 bolts. The
centerline of post 1 was located approximately 1220 mm from the end of the parapet. The Nebraska
thrie beam transition design incorporates a special “hidden post” design using a TS 102 × 102 × 7.9
steel tube that attaches to the end of the parapet and is supported by post 1. This steel tube supports a 
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150-mm × 200-mm × 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 post at this
location. A 112-mm × 250-mm × 13-mm thick A36 steel plate was welded to the end of the tube and
was used to attach the steel tube to post 1 using two 22-mm-diameter A307 bolts that bolted through
the plate and web of post 1. The steel tube is supported at the parapet by a steel plate bracket
fabricated from 13-mm-thick plate with a 160-mm-long piece of TS 127 × 127 × 4.8 steel tube
welded to the plate bracket. The TS 102 × 102 × 7.9 steel tube supporting the “hidden post” blockout
fits inside the TS 127 × 127 × 4.8 tube welded to the bracket and is bolted with two 19-mm-diameter
A307 bolts, 170 mm in length. The steel bracket was attached to the parapet with two 16-mm-
diameter A325 mechanical anchors located on the sloped surface of the parapet. In addition, the
bracket was secured with two chemically 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
approximately 55 mm.    

Posts 1 through 5 were spaced approximately 952 mm apart.  Between posts 5 and 9 the post
spacing was approximately 1905 mm. The posts were spaced approximately 1905 mm apart in the
LET end anchorage system. Posts 1 and 2 were W150 × 37 steel posts, approximately 2591 mm in
length, and embedded approximately 1838 mm below grade. Posts 3 through 6 were W150 × 22 steel
posts, and 2134 mm in length. Posts 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 × 13.5 steel
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 × 200-mm × 457-mm long wood blocks were used
between the guardrail and posts. At posts 5 and 6, 150-mm × 200-mm × 356-mm long wood
blockouts were used between the guardrail and posts. For posts 7 through 9, 150-mm × 200-mm ×
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 posts in 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
material. Additional detail drawings are shown on pages 2 and 3 of figure 42.  Photographs of the
completed test installation 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
percent, and 8.6 percent at posts 1, 3, and 5, respectively.  Weather
conditions at the time of testing were as follows: wind speed: 24
km/h; wind direction: 15 degrees with respect to the vehicle (vehicle
was traveling in a southeasterly direction); temperature:  32EC; 
relative humidity: 55 percent.



Figure 43.  Nebraska thrie beam transition prior to test 404211-7.
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Test Vehicle

A 1995 Chevrolet 2500 pickup truck, shown in figure 44, was used for the crash test. Test
inertia weight 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. Additional 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 transition 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 s the
left front wheel steered away from the rail and the vehicle began to redirect. At 0.027 s post 3 moved.
The left front tire was traveling parallel with the rail at 0.037 s and began to angle under the rail element
at 0.039 s. At 0.066 s movement was noted in the concrete parapet and at 0.095 s the left 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 parallel with the rail at 0.174 s and was traveling at a speed of
8l.6 km/h. The left rear of the vehicle impacted the rail at 0.186 s. At 0.298 s the vehicle lost contact
with the transition and was traveling 78.3 km/h and an exit angle of 6.8 degrees. As the vehicle exited
the transition both rear wheels were airborne. The left 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
came to rest 75 m downstream from impact and 6 m forward of the front face of the transition.
Sequential photographs of the test period are shown in appendix C, figures 106 and 107.

Damage to Test Article

The Nebraska thrie beam transition sustained minimal damage as shown in figure 45. No
movement was noted in the end terminal. 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
vehicle with the transition was 3.07 m. Maximum dynamic deflection of the rail element during the test
was 82 mm and maximum permanent deformation was 24 mm, both occurring at post 2.
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Figure 44.  Vehicle before test 404211-7.



Figure 45.  Installation after test 404211-7.
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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 left front, steering arm, stabilizer bar,
left side rod ends, left upper and lower A-arms, and left front spindle, rotor and tire. Also damaged
were the front bumper, fan, radiator, left front quarter-panel, left door, left side of the bed, and the left
rear rim. The floor pan and firewall 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 side floor pan area. Exterior vehicle crush and occupant
compartment measurements are shown in appendix B, tables 39 and 40.

Occupant Risk Factors

In the longitudinal 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 lateral 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’s from 0.114
to 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 appendix D, figure 125, and accelerations versus time traces are shown in appendix E,
figures 202 through 212.

Assessment of Test Results

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

! 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.

Result: The Nebraska thrie beam transition contained and redirected the vehicle with
minimal deformation of the rail element. The 2000P vehicle did not penetrate,
underride, or override the installation.

! 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 404211-7.
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0.000 s 0.109 s 0.244 s 0.434 s

General  InformationGeneral  Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

Type . . . . . . . . . . . . . . . . . . .
Designation . . . . . . . . . . . .
Model . . . . . . . . . . . . . . . . .
Mass (kg)

Curb . . . . . . . . . . . . . . . . .
Test Inertial . . . . . . . . . .
Dummy . . . . . . . . . . . . . .
Gross Static . . . . . . . . . .

Texas Transportation Institute
404211-7
05/17/00

Transition
Nebraska Thrie Beam Transition
22.2
Nested Thrie Beam
on Steel Posts with Wood Blockouts
Standard Soil, Dry

Production
2000P
1995 Chevrolet 2500 Pickup Truck

1932
2000
    75
2075

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

99.6
24.6

78.3
  6.8

  5.0
  8.1
33.0

-13.9
 11.9
 18.8
   1.82

 -8.2
 12.5
-11.2

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

Vehicle DamageVehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

0.08
0.02

11LFQ4
11FLEK3
 & 11LDEW3

400

FS02000000

129 

 41
  -5
-23

Figure 47.  Summary of results for Nebraska Transition test, NCHRP Report 350 test 3-21.
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 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 potential for penetrating the occupant compartment, or to present
undue hazard to others in 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 serious injury.

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

Result: The vehicle remained upright during and after the collision period.

! Vehicle Trajectory

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

Result: Intrusion into adjacent traffic lanes was minimal, i.e., the vehicle came to rest 6
m forward from the face of the transition.

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: Longitudinal occupant impact velocity was 5.0 m/s and longitudinal ridedown
acceleration was -13.9 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.

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

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:
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ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

No debris present.

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial (rail element)
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair (parapet)

e. Cannot be repaired
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CONNECTICUT TRANSITION
(NCHRP REPORT 350 TEST NO. 3-21)

Test Conditions

NCHRP Report 350 test designation 3-21 was performed on the Connecticut transition. 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 transition consists of 3810 mm of two nested W-beam
guardrails blocked out from the end of the parapet using a 150-mm-diameter spacer pipe followed by
3810 mm of single W-beam guardrail. In addition, the transition incorporates a “flared-back” C150
rubrail and a 100-mm-high asphalt curb. The height of the W-beam guardrail used in this transition was
approximately 706 mm from the pavement surface. The height of the rubrail from the pavement surface
was approximately 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 construct the field test installation for this project. TTI received all the hardware to construct
this transition from Trinity Industries, Fort Worth, Texas.

TTI constructed 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 transitioned 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. Vertical
reinforcement for the parapet consisted of #16 “U-Shaped” Bars spaced at 300 mm on centers.
Longitudinal reinforcement in the parapet consisted of eight #16 longitudinal 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 psi 30 days after
construction. 

The transition was attached to the concrete parapet with a 10-gauge W-beam terminal
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 inside 25-mm-diameter holes drilled
into the parapet. The end of the terminal connector was located approximately 2150 mm from the end
of the parapet. The rubrail was attached to the parapet using three 16-mm-diameter ASTM A449 fully
threaded rods. These threaded rods used for the rubrail were 150 mm long and were chemically
anchored inside 19-mm-diameter holes drilled into the parapet. The end of the rubrail was located
approximately 1291 mm from the end of the parapet.  

The first two posts (posts 1 and 2) used in the transition were two W200x19 steel posts. These
posts were each 2290 mm in length. Posts 1 and 2 were embedded approximately 1560 mm below
grade. The remaining posts used in the transition (posts 3 through 9) and the posts used for the
guardrail length of need were W150x13 steel posts, 1830 mm in length. These posts were embedded
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approximately 1100 mm below grade. Post 1 was located approximately 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 parapet with a 150 mm diameter, schedule 40 steel spacer tube, 230 mm in length.
The W-beam guardrail was blocked out from the steel posts with 150 mm x 200 mm routed wood
blocks, 360 mm in length.

The rubrail used consisted of a two-piece rubrail mounted 230 mm from the pavement surface
to the rubrail centerline. The smaller rubrail piece, which connected to the concrete parapet, was
fabricated from C150x12 steel channel approximately 1595 mm in length. This portion of the rubrail
extended from the connection of the concrete parapet to post 1. At post 1, the rubrail was spliced using
a bent plate rubrail that extended from post 1 to the field side 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 sloped
114-mm-long by 90-mm-wide wood block. This block was sloped 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 steel 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 asphalt curb was constructed as part of this transition installation. The curb was 100 mm in
height, 180 mm wide at the base, and 75 mm at the top. The curb was constructed with an 80-mm
sloped face. The base of the curb was constructed flush with the base of the parapet and sloped toward
the roadway on a 20(H) to 1(V) slope until the face of the curb was even with the face of the W-beam
guardrail. The face of the curb remained even with the guardrail for the remainder of the curb
installation. Detailed drawings are provided in figure 48.  Photographs of the completed installation 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 a total of 33 mm of rainfall was recorded four days prior to the test.
Moisture content of the NCHRP Report 350 standard soil in which
the transition was installed was 5.5 percent, 9.0 percent, and 9.8
percent at posts 1, 3, and 5, respectively.  Weather conditions at the
time of testing were as follows: wind speed:  11 km/h; wind direction: 
85 degrees with respect to the vehicle (vehicle was traveling in an
easterly direction);  temperature:  22EC;  relative humidity: 
55 percent.
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Figure 49.  Connecticut transition 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
inertia weight 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. Additional 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 transition 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 element at 0.029 s and
the vehicle began to redirect at 0.051 s. The dummy contacted the driver’s side 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 left side of the vehicle contacted the rail element. At 0.186 s, the vehicle was traveling
parallel with the transition 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
transition at 0.299 s, and was traveling at a speed of 77.0 km/h 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 laterally from the traffic face of the
rail. Sequential photographs of the test period are shown in appendix C, figures 108 and 109.

Damage to Test Article

Moderate damage was imparted to the transition as shown in figure 51. Tire marks were on the
face of the W-beam rail element and rub rail and both were deformed. The blockouts at 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 partially pulled out. No movement was
noted in the end terminal. Maximum dynamic deflection of the W-beam rail element was 77 mm.
Maximum permanent rail deformation of the W-beam rail element was 68 mm at post 2 and the rubrail
was deformed 45 mm at post 2.  The length of contact with the transition was 2.9 m.
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Figure 50.  Vehicle before test 404211-9.
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Figure 51.  Installation after test 404211-9.
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Vehicle Damage

The vehicle sustained structural damage to the left front as shown in figure 52. Structural
damage included the left front of the frame, left upper and lower A-arms, left inner and outer tie rods,
steering arm, stabilizer bar, floor pan, and firewall. Also damaged were the front bumper, hood, grill,
fan, radiator, left front quarter panel, left door, left rear quarter panel, and the left front tire and wheel
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 area and 124 mm in the center firewall area. Exterior vehicle crush and
occupant compartment measurements are shown in appendix B, tables 41 and 42.

Occupant Risk Factors

In the longitudinal 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 to 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 appendix E, figures 213 through 223.

Assessment of Test Results

The following NCHRP Report 350  safety evaluation criteria were used to evaluate 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 article is acceptable.

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

! 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.  Vehicle after test 404211-9.
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0.000 s 0.085 s 0.198 s 0.395 s

General  InformationGeneral  Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

Type . . . . . . . . . . . . . . . . . . .
Designation . . . . . . . . . . . .
Model . . . . . . . . . . . . . . . . .
Mass (kg)

Curb . . . . . . . . . . . . . . . . .
Test Inertial . . . . . . . . . .
Dummy . . . . . . . . . . . . . .
Gross Static . . . . . . . . . .

Texas Transportation Institute
404211-9
04/06/00

Transition
Connecticut Transition 
26.7
W-beam Rail with Rubrail Attached to Connecticut
Jersey Shape Parapet
Standard Soil, Dry

Production
2000P
1995 Chevrolet 2500 Pickup Truck

1940
2000
    75
2075

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

100.8
  25.6

  77.0
    3.7

  4.9
  7.0
31.0

-11.4
 17.2
 18.6
   1.68

-10.1
 12.6
  -7.0

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

Vehicle DamageVehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

0.077
0.068

11LFQ4
11FLEK3
& 11LDEW3

430

LF0212100

130 

 35
  -7
-28 

Figure 53.  Summary of results for the Connecticut Transition test, NCHRP Report 350 test 3-21.
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Result: No detached elements, fragments, or other debris were present to penetrate or
to show potential 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.

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

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

! Vehicle Trajectory

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

Result: The 2000P vehicle came to rest 27.4 m toward traffic lanes, which indicated intrusion
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: Longitudinal occupant impact velocity was 4.9 m/s and occupant ridedown
acceleration was -11.4 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.

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

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:

ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no
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óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

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

óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

No debris was present to threaten workers or other vehicles.

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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LONGITUDINAL BARRIERS

According to NCHRP Report 350, two crash tests are required for evaluation of longitudinal
barriers to test level 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 a nominal speed and angle of
100 km/h and 20 degrees. The purpose of this test is to evaluate the overall performance of the length
of need section in general, and occupant risks in 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 longitudinal barrier at a
nominal speed and angle of 100 km/h and 25 degrees. The test is intended to evaluate the strength of
the section for containing and redirecting the pickup truck.

NCHRP Report 350 test 3-11 was performed on all but one of the longitudinal 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 nominal 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-scale crash testing. The length of
need was constructed using details of the Washington 3-strand cable barrier (figure 54) and the
terminals used details of the New York Cable Terminal (figure 55). The installation was constructed on
level terrain and the posts were installed in NCHRP Report 350 standard soil. Installation 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 apart and manufactured in accordance with American Association of State Highway Transportation
Officials (AASHTO) M-30, Type I, 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 breakaway anchor angle and anchored rigidly to a concrete footing. Additionally, the last post on
each end of the installation was anchored in a concrete footing and made frangible by a slip base
connection. The concrete footing for the cable anchor terminal, 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 terminal was 990 mm. The
tops of the terminal units were constructed on a 6:1 slope. The units were connected together by an 
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integral 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 a total distance of 1200 mm over a total 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 steel 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 a total 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 installation 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.  Weather conditions at the time of
testing were as follows:  wind speed:  10 km/h;  wind direction:  180
degrees with respect to the vehicle (vehicle was traveling northerly
direction);  temperature:  25EC;  relative humidity:  60 percent.

Test Vehicle

A 1995 Chevrolet 2500 pickup truck, shown in figure 57, was used for the crash test. Test
inertia weight 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. Additional dimensions 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 left 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 s and 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 s and 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 left 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 all posts downstream, and at
0.243 s, the upper cable detached from post 14.  The left 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 York terminal 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 s and 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 parallel with the test installation 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
installation 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 sideways
toward the posts, and at 1.613 s, the vehicle was again parallel with the installation. 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 parallel with the installation, then yawed toward the rail. 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 at 3.915 s, and at 4.035 s, the front wheels of the vehicle straighten as the vehicle began
moving backwards. The vehicle stopped moving at 5.547 s. Brakes on the vehicle were not applied
and the vehicle subsequently came to rest on top of post 22. Sequential photographs of the test period
are shown in appendix C, figures 110 and 111.

Damage to Test Article

Other than damage to the posts, damage to the Washington 3-strand cable barrier was minimal
as shown in figure 58. The upstream anchor had minor stress cracks radiating from the anchor bolts in
the concrete footing.  Post 1 moved 670 mm longitudinally 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. Posts 11 through 17 were rotated and post 12 was torn on the flange above the
soil plate. The downstream anchor moved 5 mm longitudinally upstream. The cables were slack
throughout the length of the installation. 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 panels 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 left 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 Downstream anchor

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

In the longitudinal direction, occupant impact velocity was 2.2 m/s at 0.240 s, maximum
0.010-s ridedown 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 lateral direction, the occupant impact velocity was
2.9 m/s at 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 accelerations versus time traces are shown in appendix E,
figures 224 through 234.

Assessment of Test Results

The following NCHRP Report 350  safety evaluation criteria were used to evaluate 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 article is acceptable.

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

! 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 debris were present to penetrate or to show
potential for penetrating the occupant compartment, or to present undue hazard to
others in 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.

Result: The vehicle remained upright during and after the collision period.
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0.000 s 0.244 s 0.975 s 2.680 s

General  InformationGeneral  Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

Type . . . . . . . . . . . . . . . . . . .
Designation . . . . . . . . . . . .
Model . . . . . . . . . . . . . . . . .
Mass (kg)

Curb . . . . . . . . . . . . . . . . .
Test Inertial . . . . . . . . . .
Dummy . . . . . . . . . . . . . .
Gross Static . . . . . . . . . .

Texas Transportation Institute
404211-8
02/16/00

Cable Barrier
WSDOT Cable Rail with NY terminal
145.0
3 Strand Wire Cable, Top at 770 mm,  with New York
Cable Terminal
Standard Soil, Dry

Production
2000P
1994 Chevrolet 2500 Pickup Truck

1932
2000
No dummy
2000

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

101.4
  24.8

Stopped
N/A

  2.2
  2.9
12.0

-2.7
 4.9
 5.2
 0.26

-1.6
  2.1
-1.2

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

Vehicle DamageVehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

3.4
0.7

11LFQ2
11FLEK2 
& 11LDEW2

320

FS0000000

0

18
  3
 -3

Figure 60.  Summary of results for WSDOT Cable Barrier test, NCHRP Report 350 test 3-11.
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! Vehicle Trajectory

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

Result: The vehicle did not intrude into adjacent traffic lanes.  Final 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.

Result: The longitudinal occupant impact velocity was 2.2 m/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.

Result: The vehicle did not exit the test installation.

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:

ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

The vehicle could have been kept under control, there was no loss of visibility, no
perceived threat to other vehicles, and no debris on pavement.
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óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

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

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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THRIE BEAM GUARDRAIL (STEEL POSTS AND ROUTED WOOD BLOCKOUTS) 
(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 steel posts, spaced 1.9 m
apart, 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 elements 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.

The test installation consisted of a 45.7-m-long length-of-need section of thrie beam guardrail
with a 1.9-m-long transition section from the thrie beam to the W-beam rail element, and a 11.4-m-
long LET at each end, for a total installation length of 68.5 m. The details and layout of the test
installation are shown in figure 61.  Photographs of the completed installation as tested 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 rainfall was recorded. No other rainfall 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,
15, and 17, respectively.  Weather conditions at the time of testing
were as follows:  wind speed:  6 km/h; wind direction:  45 degrees
with respect to the vehicle (vehicle was traveling in a northwesterly
direction);  temperature: 28EC;  relative humidity:  60 percent.

Test Vehicle

A 1993 Chevrolet Cheyenne 2500 pickup truck, shown in figure 63, 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 front bumper was 390 mm and to the upper edge of the front bumper
was 605 mm. Additional dimensions and information on the vehicle are given in appendix B, figure 89.
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Figure 62.  Thrie beam guardrail installation 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 km/h, impacted the thrie beam guardrail
installation 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 wheel
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 at 0.225 s, the front left tire lost
contact with the ground. The vehicle, traveling at 75.9 km/h, was parallel with the test installation at
0.234 s. At 0.263 s, the vehicle contacted post 17, and at 0.294 s, the left rear tire lost contact with the
ground. By 0.517 s, the vehicle lost contact with the test installation 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 s and  0.602 s, respectively. Brakes on the vehicle were applied at 3.2 s. The
vehicle came to rest 67.0 m down from impact and 30.5 m toward traffic lanes. Sequential photographs
of the collision are shown in appendix C, figures 112 and 113.

Damage to Test Article

The thrie beam installation sustained minimal 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
the rail element 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 element for 6.1 m.

Vehicle Damage

Damage to the 2000P vehicle was also minimal, as shown in figure 65. Structural damage was
imparted to the right side 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 panel, 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 at 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.  Installation after test 404211-10.
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Figure 65.  Vehicle after test 404211-10.
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Occupant Risk Factors

 In the longitudinal direction, occupant impact velocity was 7.0 m/s at 0.204 s, maximum
0.010-s ridedown 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 lateral 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’s from 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 appendix D, figure 128, and accelerations versus time traces are
shown in appendix E, figures 235 through 245.

Assessment of Test Results

The following NCHRP Report 350  safety evaluation criteria were used to evaluate 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 article is acceptable.

Result: The thrie beam guardrail with 2.1-m-long steel posts and wood blockouts contained
and redirected the 2000P vehicle. The vehicle did not penetrate, underride, or
override the installation. Maximum lateral deflection of the installation was 0.58 m.

! 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: The rail element separated from post 15. No other detached elements, fragments, or
other debris were present. Neither the separated rail element nor the post penetrated
or showed potential for penetrating the occupant compartment or presented undue
hazard to others in 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 serious injury.
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0.000 s 0.098 s 0.271 s 0.492 s

General  InformationGeneral  Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

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

1905
2000
    76
2076

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

98.2
24.4

72.5
11.3

  7.0
  6.4
26.4

 -7.6
 -9.3
  9.9
  0.93

-5.6
-7.2
-3.0

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

Vehicle DamageVehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

0.58
0.42

01RFQ3
01RFEK2
&01RYEW2

280

RF01040000

75 

-34
   4
 12

Figure 66.  Summary of results for the Thrie Beam Guardrail (steel posts/wood blockouts) test, NCHRP Report 350 test 3-11.
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F. The vehicle should remain upright during and after collision although
moderate roll, pitching and yawing are acceptable.

Result: The 2000P vehicle remained upright and relatively stable during and after the
collision event.

! Vehicle Trajectory

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

Result: The vehicle did intrude into adjacent traffic lanes as it came to 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.

Result: Longitudinal occupant impact velocity was 7.0 m/s and longitudinal 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.

Result: The exit angle at loss of contact with the installation was 11.3 degrees, which
was 46 percent of the impact angle.

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:

ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no
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óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

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

óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

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

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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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 consisted of 2050-mm-long, 150-mm by
200-mm wood posts spaced 1.9 m apart 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 rail
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 rail was
550 mm to the center and 804 mm to the top of the thrie beam rail element.

The test installation consisted of a 45.7-m-long length-of-need section of strong wood post
thrie beam guardrail with a 1.9-m-long transition section from the thrie beam to the W-beam rail
element, and a 15.2-m-long ET-2000 at each end, for a total installation length of 80.0 m.  The details
and layout of the test installation are shown in figure 67.  Photographs of the completed installation 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 installed was 7.7
percent, 9.7 percent, and 9.6 percent  at posts 16, 18, and 20,
respectively. Weather conditions during the time of the test were as
follows: wind speed: 0 km/h; wind direction: N/A  (vehicle was
traveling in a southwesterly direction); temperature: 33EC; relative
humidity: 82 percent.

Test Vehicle

A 1993 Chevrolet 2500 pickup truck, shown in figure 69, was used for the crash test.  Test
inertia weight 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.
Additional dimensions 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 before test 404211-11.
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Impact Description

The vehicle, traveling at 99.6 km/h, impacted the strong wood post thrie beam guardrail
609 mm before post 16 at 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 at 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 along the longitudinal axis. The rear of the vehicle
contacted the thrie beam rail element at 0.197 s. At 0.238 s, the vehicle was traveling parallel with the
guardrail at a speed of 75.8 km/h. The front of the vehicle contacted post 19 at 0.257 s and the front of
the vehicle lost contact with the rail element at 0.314 s. The vehicle lost contact with the rail at 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
applied. The vehicle subsequently came to rest 68.6 m down and 1.8 m behind the installation.
Sequential photographs of the test period are shown in appendix C, figures 114 and 115.

Damage to 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 along the longitudinal axis. The bolts pulled out of the rail
element at posts 17 and 18. The ET-2000 end terminal 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
at post 16. Maximum dynamic deflection of the guardrail was 676 mm and the maximum permanent
deformation was 390 mm between posts 16 and 17. Total length of contact during the initial impact was
6.3 m. The vehicle contacted the installation again at post 40 and rode off the end (post 43).

Vehicle Damage

The bumper, hood, grill, fan, radiator, right front tire and wheel, right door, right front and rear
quarter panels, and left door were damaged and the windshield was shattered as shown in figure 71.
Structural 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 at 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.
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Figure 71.  Vehicle after test 404211-11.
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Occupant Risk Factors

In the longitudinal 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’s from 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 appendix D, figure 129. Vehicular accelerations versus time
traces are presented in appendix E, figures 246 through 256.

Assessment of Test Results

The following NCHRP Report 350  safety evaluation criteria were used to evaluate 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 article is acceptable.

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

! 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 potential for penetrating the occupant compartment, or to present undue hazard
to others in the area. Maximum occupant compartment deformation was 30 mm in
the center front floor pan area under the instrument panel and should not cause
serious injury. 

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

Result: The vehicle remained upright during and after the collision.
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0.000 s 0.103 s 0.275 s 0.505 s

General  InformationGeneral  Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

Type . . . . . . . . . . . . . . . . . . .
Designation . . . . . . . . . . . .
Model . . . . . . . . . . . . . . . . .
Mass (kg)

Curb . . . . . . . . . . . . . . . . .
Test Inertial . . . . . . . . . .
Dummy . . . . . . . . . . . . . .
Gross Static . . . . . . . . . .

Texas Transportation Institute
404211-11
06/03/98

Guardrail
Strong Wood Post Thrie Beam Guardrail
80.0
12-ga Thrie Beam on Strong Wood
Posts With Wood Blockouts
Standard Soil, Dry

Production
2000P
1993 Chevrolet 2500 Pickup Truck

1861
2000
    75
2075

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

99.6
23.6

73.6
14.7

  6.3
  5.6
20.5

 -8.4
 -9.0
11.1
  0.99

-5.5
-5.8
 2.1

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

Vehicle DamageVehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

0.68
0.39

 
01RFQ4
01FREK3
 & 01RYEW3

470

FS0104000

30 

-31
   3
   6

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

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

Result: 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: Longitudinal occupant impact velocity was 6.3 m/s and longitudinal ridedown
acceleration was -8.4 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.

Result: 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 installation.

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:

ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

The vehicle could have been kept under control, there was no loss of visibility, no
perceived threat to other vehicles, and no debris on pavement.
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óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

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

óó VEHICLE AND DEVICE CONDITION

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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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 steel posts
spaced 1.9 m apart with W360x33 blockouts.  A cross section of the modified thrie beam guardrail
system 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
a single 16-mm-diameter button head bolt without a washer. The mounting height of the thrie beam rail
was 610 mm to the center and 864 mm to the top of the thrie beam rail element.

The test installation consisted of a 45.7-m-long length-of-need section of modified thrie beam
guardrail with a 1.9-m-long transition section from the thrie beam to the W-beam rail element, and a
15.2-m-long ET-2000 at each end, for a total installation length of 80.0 m.  The details and layout of
the test installation are shown in figure 73.  Photographs of the completed installation 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
km/h; wind direction: 345 degrees with respect to the vehicle (vehicle was traveling 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
inertia weight 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.
Additional dimensions and information on the vehicle are given in appendix B, figure 91.
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Figure 74.  Modified thrie beam guardrail installation 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 at 0.397 s. The vehicle was traveling parallel with the guardrail at 0.416 s at a speed
of 64.6 km/h. At 0.505 s, the front wheels turned to the right and the front of the vehicle lost contact
with the rail at 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 km/h 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. As the
vehicle continued forward, the vehicle pulled the ET-2000 head off the end. The vehicle rode off the
end of the terminal and brakes on the vehicle were applied at 4.9 s. The vehicle subsequently came to
rest 70.7 m down from impact and in line with the installation. Sequential photographs of the test period
are shown in appendix C, figures 116 and 117.

Damage to 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 slightly 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 the initial
collision 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 deformation
was 0.51 m, both occurring near post 21.

Vehicle Damage

Minimal 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
a dent as well as the right side fuel tank. The bumper and supports, hood, right front quarter panel, 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 longitudinal 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-
s average 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 at 0.301 s, the highest 0.010-s occupant ridedown acceleration was
3.8 g’s from 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 appendix D, figure 130.  Vehicular accelerations versus time
traces are presented in appendix E, figures 257 through 263.

Assessment of Test Results

The following NCHRP Report 350  safety evaluation criteria were used to evaluate 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 article is acceptable.

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

! 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 potential for penetrating the occupant compartment, or to present undue hazard
to others in the area. No deformation or intrusion into the occupant compartment
occurred. 

G. It is preferable, although not essential, that the vehicle remain upright during
and after the collision.

Result: The vehicle remained upright and stable during and after the collision.
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0.000 s 0.319 s 0.692 s 1.064 s

General  InformationGeneral  Information
Test Agency . . . . . . . . . . . .
Test No. . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . .

Test  Ar t ic leTest  Ar t ic le
Type . . . . . . . . . . . . . . . . . . .
Name . . . . . . . . . . . . . . . . .
Installation Length (m) . . . .
Material or Key Elements .

Soil Type and ConditionSoil Type and Condition .
Test  Vehic leTest  Vehic le

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

5049
8000
No dummy
8000

Impact Condit ionsImpact Conditions
Speed (km/h) . . . . . . . . . . . . . . . .
Angle (deg) . . . . . . . . . . . . . . . . .

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

Occupant Risk ValuesOccupant Risk Values
Impact Velocity (m/s)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

THIV (km/h) . . . . . . . . . . . . . . . .
Ridedown Accelerations (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .

PHD (g’s) . . . . . . . . . . . . . . . . . . .
ASI . . . . . . . . . . . . . . . . . . . . . . .
Max. 0.050-s Average (g's)

x-direction . . . . . . . . . . . . . . . .
y-direction . . . . . . . . . . . . . . . .
z-direction . . . . . . . . . . . . . . . .

78.8
15.7

64.0
8.2

3.5
2.4
14.1

-2.9
 3.8
 4.0
0.2

-1.4
 2.3
-1.3

Test Art ic le Def lect ionsTest Art ic le Def lect ions  (m)
Dynamic . . . . . . . . . . . . . . . .
Permanent . . . . . . . . . . . . . .

Vehicle DamageVehicle Damage
Exterior

VDS . . . . . . . . . . . . . . . . . .
CDC . . . . . . . . . . . . . . . . . .

Maximum Exterior
Vehicle Crush (mm) . . . . .

Interior
OCDI . . . . . . . . . . . . . . . . .

Max. Occ. Compart.
Deformation (mm) . . . . . .

Post-Impact BehaviorPost- Impact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg) . . . . . .
Max. Pitch Angle (deg) . . . . .
Max. Roll Angle (deg) . . . . . .

0.71
0.51

N/A
N/A

140

RS0000000

0 

-24
  -4
  20

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

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

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

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.

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

The following supplemental evaluation factors and terminology were used for visual assessment
of test results:

ó PASSENGER COMPARTMENT INTRUSION

1. Windshield Intrusion

a. No windshield contact
b. Windshield contact, no damage
c. Windshield contact, no intrusion
d. Device embedded in windshield,

no significant intrusion

e. Complete intrusion into
passenger compartment

f. Partial intrusion into passenger
compartment

2. Body Panel Intrusion yes or      no

óó LOSS OF VEHICLE CONTROL

1.  Physical loss of control 3.  Perceived threat to other vehicles

2.  Loss of windshield visibility 4.  Debris on pavement

óó PHYSICAL THREAT TO WORKERS OR OTHER VEHICLES

1.  Harmful debris that could injure workers or others in the area

2.  Harmful debris that could injure occupants in other vehicles

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

1. Vehicle Damage

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

d. Major dents to grill and body
panels

e. Major structural damage

2. Windshield Damage

a. None
b. Minor chip or crack
c. Broken, no interference

with visibility
d. Broken and shattered, visibility

restricted but remained intact

e. Shattered, remained intact but
partially dislodged

f. Large portion removed
g. Completely removed

3. Device Damage

a. None
b. Superficial
c. Substantial, but can be

straightened

d. Substantial, replacement parts
needed for repair

e. Cannot be repaired
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SUMMARY AND CONCLUSIONS

TERMINALS

Buried-in-Backslope Terminal (with 6 to 1 vee ditch)

The buried-in-backslope 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 collision. As shown in table 1, the
buried-in-backslope terminal with 6 to 1 vee ditch performed acceptably for NCHRP Report 350 test
designation 3-35.

Buried-in-Backslope Terminal (with 4 to 1 slope)

The buried-in-backslope terminal with 4 to 1 slope 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 collision. As shown in table 2, the
buried-in- backslope terminal with 4 to 1 slope performed acceptably according to the required criteria
for NCHRP Report 350 test designation 3-35.

New York Terminal for 3-Cable Barrier

The New York terminal for 3-cable barrier allowed the vehicle to gate through the end. The
vehicle remained upright during and immediately after the collision period, but rolled onto its side after
exiting the test site for reasons not related to the performance of the guardrail. The 3-cable New York
cable rail terminal met all criteria specified for test designation 3-34 of NCHRP Report 350, as shown
in table 3.

TRANSITIONS

Vertical Wall Transition

It was found that the nested W-beam rail elements and the terminal 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 terminal connector was lapped on top of the nested W-beams. The
vertical wall transition contained and redirected the vehicle; however, the vehicle rolled onto its right
side after exiting the installation. Snagging was observed on the end of the connector. The transition did
not perform acceptably, due to rollover (see table 4).

For the repeat of the test, the holes in the terminal connector were enlarged for the splice bolts
to be installed with the connector lapped under the nested W-beams. The W-beam with W-beam rub
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rail on steel posts transition contained and redirected the vehicle. The vehicle remained upright during
and after the collision event. The W-beam with W-beam rub rail on steel posts transition to the vertical
concrete bridge railing with the terminal connector correctly lapped under the W-beam met the required
criteria for the repeat of NCHRP Report 350 test designation 3-21, as shown in table 5.

Vertical Flared Back Transition

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

Pennsylvania Transition

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

Nebraska Transition

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 serious injury. Also, the vehicle did intrude into adjacent traffic lanes; however, this criterion
is preferable not required. The Nebraska thrie beam transition met required criteria for NCHRP Report
350 test 3-21, as shown in table 8.  

Connecticut Transition

The Connecticut transition contained and redirected the 2000P vehicle with minimal deflection
of the rail element, thereby meeting the criteria for structural adequacy. The transition also met all
criteria for occupant risk, as shown in table 9. The 2000P vehicle came to rest 27.4 m laterally from the
traffic face of the rail. This indicates that the vehicle would have intruded into adjacent traffic lanes;
however, meeting this criterion is preferred, not required. The Connecticut transition 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 all criteria specified for
NCHRP Report 350 test designation 3-11.  The installation permitted 3.4 m of lateral deflection,
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redirected the vehicle, and brought it to a safe, controlled stop within the installation. The Washington
3-strand cable barrier performs well where space permits relatively large lateral deflections.  

Thrie Beam Guardrail (with steel posts and routed wood blockouts)

As shown in table 11, the thrie beam guardrail with 2.1 m long steel 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 seen in table 12, the strong wood post thrie beam guardrail met all required criteria
for NCHRP Report 350 test designation 3-11.

Modified Thrie Beam Guardrail

As can be seen in table 13, the modified thrie beam guardrail met all requirements for NCHRP
Report 350 test designation 4-12.



178

Table 1.  Performance evaluation summary for the buried-in-backslope terminal (with 6 to 1 vee ditch), NCHRP Report 350 test 3-35.

Test Agency:  Texas Transportation Institute Test No.: 404211-1 Test Date: 01/29/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

The buried-in-backslope terminal with 6 to 1 vee ditch
contained and redirected the vehicle. Maximum
deflection of the guardrail was 0.7 m. Pass

Occupant Risk
D. Detached elements, fragments or other debris from the test

article should not penetrate or show potential for penetrating
the occupant compartment, or present an undue hazard to
other traffic, pedestrians, or personnel in a work zone. 
Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be
permitted.

There were no detached elements or debris to
penetrate or to show potential for penetrating the
occupant compartment, or to present undue hazard to
others in the area. Maximum deformation of the
occupant compartment was 45 mm in the center floor
pan area. 

Pass

F. 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. Pass

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. Pass

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.

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

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

Exit angle at loss of contact was 8.1 degrees, which
was 32 percent of the impact angle. Pass

*Criterion K and M are preferable, not required.
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Table 2.  Performance evaluation summary for the buried-in-backslope terminal (4 to 1 slope), NCHRP Report 350 test 3-35.

Test Agency:  Texas Transportation Institute Test No.: 404211-13 Test Date: 07/27/2000

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

The terminal contained and redirected the 2000-kg
pickup truck. The vehicle did not penetrate, underride,
or override the installation. Maximum dynamic
deflection during the test was 0.861 m.

Pass

Occupant Risk
D. Detached elements, fragments or other debris from the test

article should not penetrate or show potential for penetrating
the occupant compartment, or present an undue hazard to
other traffic, pedestrians, or personnel in a work zone. 
Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be
permitted.

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

Pass

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. Pass

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. Pass*

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.

Longitudinal occupant impact velocity was 5.4 m/s and
longitudinal ridedown acceleration was -8.3 g’s. Pass

M. The exit angle from the test article preferably should be less
than 60 percent of test impact angle, measured at time of
vehicle loss of contact with 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 installation and came to rest
adjacent to the length of need.

Fail*

*Criterion K and M are preferable, not required.
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Table 3.  Performance evaluation summary for the New York terminal, NCHRP Report 350 test 3-34.

Test Agency:  Texas Transportation Institute 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,

controlled penetration, or controlled stopping of the vehicle.
The New York terminal for 3-cable barrier allowed the
vehicle to gate through the end. Pass

Occupant Risk
D. Detached elements, fragments or other debris from the test

article should not penetrate or show potential for penetrating
the occupant compartment, or present an undue hazard to
other traffic, pedestrians, or personnel in a work zone. 
Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be
permitted.

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

Pass

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

The vehicle remained upright during and immediately
after the collision period. Pass

H. Occupant impact velocities should satisfy the following:

Longitudinal occupant impact velocity = 1.8 m/s
Lateral occupant impact velocity = 0.9 m/s Pass

Occupant Velocity Limits (m/s)
Component Preferred Maximum

Longitudinal and lateral 9 12
I. Occupant ridedown accelerations should satisfy the

following:
Longitudinal ridedown acceleration = -3.1 g’s
Lateral ridedown acceleration = -3.0 g’s PassOccupant Ridedown Acceleration Limits (g's)

Component Preferred Maximum
Longitudinal and lateral 15 20

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. Pass

N. Vehicle trajectory behind the test article is acceptable. The vehicle came to rest behind the installation. Pass
*Criterion K is preferable, not required.
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Table 4.  Performance evaluation summary for the first test on the vertical wall transition, NCHRP Report 350 test 3-21.

Test Agency:  Texas Transportation Institute Test No.: 404211-2 Test Date: 07/27/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

The vertical wall transition contained and redirected the
vehicle. The vehicle did not penetrate, underride, or
override the installation. Pass

Occupant Risk
D. Detached elements, fragments or other debris from the test

article should not penetrate or show potential for
penetrating the occupant compartment, or present an undue
hazard to other traffic, pedestrians, or personnel in a work
zone.  Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be
permitted.

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

Fail

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

The vehicle rolled onto its right side after exiting the
installation.

Fail

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. Pass

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.

Longitudinal occupant impact velocity was 9.1 m/s and
longitudinal ridedown acceleration was -15.1 g’s. Pass

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

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

*Criterion K and M are preferable, not required.
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Table 5.  Performance evaluation summary for the repeat test on the vertical wall transition, NCHRP Report 350 test 3-21.
Test Agency:  Texas Transportation Institute Test No.: 404211-12 Test Date: 11/05/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

The W-beam with W-beam rub rail on steel
posts transition contained and redirected the
vehicle. The vehicle did not penetrate, underride,
or override the installation.

Pass

Occupant Risk
D. Detached elements, fragments or other debris from the test

article should not penetrate or show potential for penetrating the
occupant compartment, or present an undue hazard to other
traffic, pedestrians, or personnel in a work zone.  Deformations
of, or intrusions into, the occupant compartment that could
cause serious injuries should not be permitted.

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

Pass

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 event. Pass

Vehicle Trajectory
K. After collision, it is preferable that the vehicle's trajectory not

intrude into adjacent traffic lanes.
The vehicle came to rest 8.4 m toward traffic
lanes. Fail*

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.

Longitudinal occupant impact velocity was
7.3 m/s and longitudinal ridedown acceleration
was -6.7 g’s.

Pass

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

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

*Criterion K and M are preferable, not required.
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Table 6.  Performance evaluation summary for the vertical flared back transition, NCHRP Report 350 test 3-21.
Test Agency:  Texas Transportation Institute Test No.: 404211-4 Test Date: 07/27/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

The vertical flared back transition contained and
redirected the vehicle. The vehicle did not penetrate,
underride, or override the installation. Maximum dynamic
deflection was 0.17 m.

Pass

Occupant Risk
D. Detached elements, fragments, or other debris from the

test article should not penetrate or show potential for
penetrating the occupant compartment, or present an undue
hazard to other traffic, pedestrians, or personnel in a work
zone.  Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be
permitted.

No detached elements, fragments, or other debris were
present to penetrate or to show potential for penetrating
the occupant compartment, or to present undue hazard to
others in the area. Maximum deformation of the
occupant compartment was 75 mm in the center floor
pan area.

Pass

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

After exiting the transition, the vehicle rolled one
revolution and came to rest upright. Fail

Vehicle Trajectory
K. After collision, it is preferable that the vehicle's trajectory

not intrude into adjacent traffic lanes.
The vehicle rolled and came to rest 9.9 m toward traffic
lanes. Fail*

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.

Longitudinal occupant impact velocity was 6.1 m/s and
longitudinal ridedown acceleration was -6.1 g’s.

Pass

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

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

 * Criterion K and M are preferred, not required.
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Table 7.  Performance evaluation summary for Pennsylvania transition, NCHRP Report 350 test 3-21.

Test Agency:  Texas Transportation Institute Test No.: 404211-3 Test Date: 07/07/2000

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

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

Pass

Occupant Risk
D. Detached elements, fragments or other debris from the test

article should not penetrate or show potential for penetrating
the occupant compartment, or present an undue hazard to
other traffic, pedestrians, or personnel in a work zone. 
Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be
permitted.

No detached elements, fragments, or other debris were
present to penetrate or to show potential for penetrating
the occupant compartment, or to present undue hazard
to others in the area.  Maximum deformation of the
occupant compartment was 117 mm in the center floor
pan area and was judged to not cause serious injury.

Pass

F. 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. Pass

Vehicle Trajectory
K. After collision, it is preferable that the vehicle's trajectory

not intrude into adjacent traffic lanes.
The 2000P vehicle came to rest 25.9 m toward traffic
lanes, which indicated intrusion into adjacent traffic
lanes.

 Fail*

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.

Longitudinal occupant impact velocity was 5.5 m/s and
occupant ridedown acceleration was -8.5 g’s. Pass

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

Exit angle at loss of contact with the transition was
13.7 degrees, which was 56 percent of the impact
angle.

Pass*

*Criterion K and M are preferable, not required.
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Table 8.  Performance evaluation summary for the Nebraska transition, NCHRP Report 350 test 3-21.

Test Agency:  Texas Transportation Institute Test No.: 404211-7 Test Date: 05/16/2000

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

The Nebraska thrie beam transition contained and
redirected the vehicle with minimal deformation of the
rail element. The 2000P vehicle did not penetrate,
underride, or override the installation.

Pass

Occupant Risk
D. Detached elements, fragments or other debris from the test

article should not penetrate or show potential for penetrating
the occupant compartment, or present an undue hazard to
other traffic, pedestrians, or personnel in a work zone. 
Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be
permitted.

No detached elements, fragments, or other debris were
present to penetrate or to show potential for penetrating
the occupant compartment, or to present undue hazard
to others in 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 serious injury.

Pass

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. Pass

Vehicle Trajectory
K. After collision, it is preferable that the vehicle's trajectory

not intrude into adjacent traffic lanes.
Intrusion into adjacent traffic lanes was minimal, i.e.,
the vehicle came to rest 6 m forward from the face for
the transition.

Fail*

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.

Longitudinal occupant impact velocity was 5.0 m/s and
longitudinal ridedown acceleration was -13.9 g’s. Pass

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

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

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

Test Agency:  Texas Transportation Institute Test No.: 404211-9 Test Date: 04/06/2000

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

The Connecticut transition contained and redirected the
2000P vehicle. The vehicle did not penetrate, underride,
or override the installation. Maximum lateral deflection
was 77 mm.

Pass

Occupant Risk
D. Detached elements, fragments or other debris from the test

article should not penetrate or show potential for penetrating
the occupant compartment, or present an undue hazard to
other traffic, pedestrians, or personnel in a work zone. 
Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be
permitted.

No detached elements, fragments, or other debris were
present to penetrate or to show potential 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.

Pass

F. 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. Pass

Vehicle Trajectory
K. After collision, it is preferable that the vehicle's trajectory

not intrude into adjacent traffic lanes.
The 2000P vehicle came to rest 27.4 m laterally from
the traffic face of the rail, which indicated intrusion into
adjacent traffic lanes.

Fail*

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.

Longitudinal occupant impact velocity was 4.9 m/s and
occupant ridedown acceleration was -11.4 g’s. Pass

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

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

*Criterion K and M are preferable, not required.
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Table 10.  Performance evaluation summary for WSDOT cable barrier, NCHRP Report 350 test 3-11.

Test Agency:  Texas Transportation Institute Test No.: 404211-8 Test Date: 02/16/2000

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

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

Occupant Risk
D. Detached elements, fragments or other debris from the test

article should not penetrate or show potential for
penetrating the occupant compartment, or present an
undue hazard to other traffic, pedestrians, or personnel in a
work zone.  Deformations of, or intrusions into, the
occupant compartment that could cause serious injuries
should not be permitted.

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

Pass

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. Pass

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 as
the vehicle came to rest over post 22. Pass*

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.

The longitudinal occupant impact velocity was 2.2 m/s
and ridedown acceleration was -2.7 g’s. Pass

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

The vehicle did not exit the test installation.
N/A*

*Criterion K and M are preferable, not required.
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Table 11.  Performance evaluation summary for the thrie beam guardrail 
(with steel posts/routed wood blockouts),  NCHRP Report 350 test 3-11.

Test Agency:  Texas Transportation Institute Test No.: 404211-10 Test Date: 04/09/99

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

The thrie beam guardrail with 2.1-m steel posts and
routed wood blockouts contained and redirected the
2000P vehicle. The vehicle did not penetrate, underride,
or override the installation. Maximum lateral deflection
of the installation was 0.58 m.

Pass

Occupant Risk
D. Detached elements, fragments or other debris from the test

article should not penetrate or show potential for penetrating
the occupant compartment, or present an undue hazard to
other traffic, pedestrians, or personnel in a work zone. 
Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be
permitted.

The rail element separated from post 15. No other
detached elements, fragments, or other debris were
present. Neither the separated rail element nor the post
penetrated nor showed potential for penetrating the
occupant compartment nor to present undue hazard to
others in the area. Maximum occupant compartment
deformation was 75 mm in the center floor pan area.

Pass

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

The 2000P vehicle remained upright and relatively
stable during and after the collision event. Pass

Vehicle Trajectory
K. After collision, it is preferable that the vehicle's trajectory

not intrude into adjacent traffic lanes.
The vehicle did intrude into adjacent traffic lanes as it
came to rest 67.0 m down from impact and 30.5 m
toward traffic lanes.

Fail*

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.

Longitudinal occupant impact velocity was 7.0 m/s and
longitudinal ridedown acceleration was -7.6 g’s. Pass

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

Exit angle at loss of contact with the installation was
11.3 degrees, which was 46 percent of the impact
angle.

Pass*

*Criterion K and M are preferable, not required.



Table 12.  Performance evaluation summary for the thrie beam guardrail on strong wood posts, NCHRP Report 350 test 3-11.

Test Agency:  Texas Transportation Institute Test No.: 404211-11 Test Date: 07/03/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

The strong wood post thrie beam guardrail contained and
redirected the vehicle. The vehicle did not penetrate,
underride, or override the installation. Maximum dynamic
deflection of the installation was 0.68 m.

Pass

Occupant Risk
D. Detached elements, fragments, or other debris from the

test article should not penetrate or show potential for
penetrating the occupant compartment, or present an
undue hazard to other traffic, pedestrians, or personnel in
a work zone.  Deformations of, or intrusions into, the
occupant compartment that could cause serious injuries
should not be permitted.

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

Pass

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

The vehicle remained upright during and after the
collision. Pass

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. Pass*

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.

Longitudinal occupant impact velocity was 6.3 m/s and
longitudinal ridedown acceleration was -8.4 g’s. Pass

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

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 installation.

Fail*

*Criterion preferable, not required.
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Table 13.  Performance evaluation summary for the modified thrie beam guardrail, NCHRP Report 350 test 4-12.

Test Agency:  Texas Transportation Institute Test No.: 404211-5 Test Date: 06/12/98

NCHRP Report 350 Evaluation Criteria Test Results Assessment

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.

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

Pass

Occupant Risk
D. Detached elements, fragments, or other debris from the test

article should not penetrate or show potential for penetrating
the occupant compartment, or present an undue hazard to
other traffic, pedestrians, or personnel in a work zone. 
Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be
permitted.

No detached elements, fragments, or other debris were
present to penetrate or to show potential for penetrating
the occupant compartment, or to present undue hazard
to others in the area. No deformation or intrusion into
the occupant compartment occurred.

Pass

G. It is preferable, although not essential, that the vehicle
remain upright during and after collision.

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

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 as
it remained adjacent to the guardrail.

Pass

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

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