g

My 1982
rinal Repart

Prepared for

US.Department of Transporiation
Federal Highway Administratien

Oftices of Research & Development
Structures and Applied Mechanics Division
Washington, D.C. 20580

Document is available to the U.S. public through
the Nationg! Technicat Information Service
Springfield, Virginia 22161

N

REPRODUCED BY: !

11.S. Departmeam of cammer:em '
Natlonal Technlcal Infermallen Service !
Springfiald, Virginla 22161 |

A



FOREWORD

This report presents a summary and evaluation of the performance of current
cuardrail and median barrier (BCT) desians. Due to early results, the
project was redirected to develop a retrofit solution for the predominant
wood end post BCT desian. Full-scale crash tests were used principally

for the evaluations althouah Taboratory tests, bogie tests, and a simplified
dynamic alaorithm were used in the retrofit development effort.

This report is beina distributed by memorandum to individual researchers
concerned with highway safety and those involved in assessing guardrail
terminal performance.

A limited number of additional copies of this report is available from the
Protective Systems Group, Structures and Applied Mechanics Division, FHUWA,
HRS-12, Washington, D.C. 20590, ‘

Copies may also be obtained from the National Technical Information Service
(NTIS), Department of Commerce, 5285 Port Royal Road, Springfield, Virginia
22161. A small charge is imposed for copies provided by NTIS.

oot Tttty

Director, Office of Research
Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
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The contents of this report reflect the views of the contractor, who 1is
responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official policy of the Department of
Transportation.

This report does not constitute a standard, specification or regulation.
The United States Government does not endorse products or manufacturers.

Trademarks or manufacturers' names appear herein only because they are
considered essential to the object of this document.
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I. INTRODUCTIOCN

A. Background

As part of a comprehensive National Cooperative Highway Research
Program {(NCHRP) research project conducted at Southwest Research Institute
(SwRI) in the late 60's, guardrail and median barrier terminals were
evaluated by full-scale crash tests.(l) Findings from this project
indicated that rollover was likely to occur with full-size sedans
impacting terminals with turned-down ends constructed according to NCHRP
Report 54.(2) In a subsequent NCHRP project at SwRI, three crash tests
using full-size sedans were conducted on a device referred to as the
breakaway cable terminal (BCT).(3) Evaluation included an end-on impact
for a flared and straight guardrail BCT, and a redirection test featur-
ing an impact near the end anchorage locations.

It was concluded in the original work that the flared terminal
was superior.

Since the initial research reported in NCHRP Report 129,(3) a
series of NCHRP Research Results Digests (RRD) have been published. Some
of the RRD's were based on further research and development work and
others were issued based on new findings or limited investigations.
Chronologically, the RRD's on BCT's are summarized.

® RRD 43(4) (October 1972) - This digest reported findings from
an NCHRP R&D project at SwRI and included modified drawings showing an
additional concrete footing at end post Z and an increase in the footing
size.

® RRD 53(5) (December 1973) - Drawings and test results were
presented on both steel and wood median barrier BCT designs.

® RRD 84 (6) (March 1976) - This digest included some cost
saving recommendations {e.g., removal of BCT nose diaphragms, new anchor
plate design) and the inclusion cof slip base steel end post designs for
both guardrail and median barrier BCT baged on an NCHRP R&D contract at
SwRT.

Based on California DOT work, the 8x8 wood end posts were

replaced with €x8-in. members.
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® RRD 102(7) (May 1978) - This digest was issued to address the
following problem areas:
- Difficulty in removing the fractured wood post from the
concrete footing
- Excessive cost of some BCT compomnents

— Unreasonable cost of concrete footings at rural locations

- Snagging of a subcompact vehiecle underside by the steel
post BCT design (slip base)

- Lack of reguirements in several state standards that the
terminal be flared as recommended.
Recommendations including some design modifications were made in this
digest based on above considerations. By the time of this digest issue,
it was estimated that over 30 states had adopted the guardrail BCT.

@ RRD 124(8) (November 1980) - This digest again was concerned
with concrete footing cost, post removal and the "flare". A limited
laboratory investigation produced a steel foundation alternate to the
concrete footings. This design also facilitates broken post removal.
This digest re-emphasized the need for BCT "flaring" and mentioned
problems observed from baseline BCT/mini-car tests conducted in this
project.

Throughout the course of the past near-decade since BCT usage
began, SwRI has received both fragmentary and formal reports on BCT
performance as summarized in Table 1. By far the most predominant
inquiry has regarded the removal of the broken post or the expense of
the concrete footings. Some negative reports have ccome from accident
experience. Based on our observation, the unsatisfactory accident
experience has rarely involved a properly flared BCT. The user agencies
have taken considerable license in some of the BCT details adopted, but
the flare is the predominant problem. It is a legitimate concern as
many limited right-of-way areas cannot readily accommodate a flare,

The flare on the guardrail BCT is considered essential 7ith the
current design in order to:

® buckle the beam for end-on impacts at an acceptahle force

level,

@ permit the vehicle to '"gate' behind the rail installation.
P



Unless the full 4-ft (1.2m) flare is used, the two above objectives are
compromised.,

Recognizing the trend toward smaller cars, the Federal Highway
Administration (FHWA) has recently added the 1800-1b (800-kg) class
mini-car to many of its research and development programs. Since the
BCT had been essentially developed using full-size sedans, FHWA set up
this project initially to evaluate the current versions of

1) wood end post guardrail BCT

2) steel slip base end post guardrail BCT

3) steel slip base end post median barrier BCT
It was estimated that over 100,000 guardrail BCT's and a much smaller
nunmber of median barrier BCT's were in-place at that time.

Based on unsatisfactory mini-car crash test results with both
wood and steel end post BCT designs, and in recognition of the usage,
the project emphasis was shifted to the more predominant wood end post
design for possible retrofit upgrading. The mini-car testing of this
project imposed severe requirements on the BCT that had previously been
unaddressed, High-speed off-center impacts not only caused high accel-
erations on the vehicle, but induced severe yawing. The severe yawing
exposed the more vulnerable side structure of the car to the rail end

and in all cases rollover and/or spearing occurread.

B. Objective

The objectives of this project were to evaluate the performance
of current guardrail and median barrier BCT designs. Due to early
results, the project was redirected to develop a retrofit solution for

the predominant wood end post BCT design.

C. Scope
Full-size crash tests were used principally for the evaluations
although laboratory tests, bogie tests, and a simplified dynamic algo-

rithm were also used in the retrofit development effort.



II. BASELINE CRASH TESTS

Two guardrail BCT systems have been developed; the basic difference
is the two end posts which are either wood or steel slip base designs.

Usage of the wood post has been more widespread due to the lower cost.

A, Wood FPost
The current woed post BCT(7,11) is described in Figures 1 and Z.

Three crash tests were conducted on this design as summarized in Table 2.
B. Steel Post
The current steel post BCT(7,11) is described in Figures 3 and 4.

One crash test was conducted on this design as summarized in Table 2.

C. Crash Test Results

The results of the crash tests are discussed briefly; complete
details are contained in Appendix A. Crash test vehicles were Honda
Civic¢ sedans weighing approximately 1840 1b (835 kg) without dummies.
All test vehicles contained a fully restrained driver and unrestrained
front seat passenger dummy (Part 572, S50th percentile male).

WBCT-1. The cobjective of this test was to evaluate the wood post
BCT for a 30-mph (48-kmph) end-on (0O-deg) impact with the vehicle
centerline 15 in. (0.4 m) to left of the end post centerline.

The vehicle fractured the first post and began to yaw about the
vehicle vertical axis as shown in Figures 5 and 6. This yawing continued
with nominal translation along the original travel direction until the
vehicle came to rest with a heading angle approximately 90 deg from the
original.

WBCT-2. The objective of this test was to evaluate the wood post
BCT for a 60-mph (97-kmph), O-degree, 15-in. (0.4-m) offset impact with
the minicompact vehicle.

The vehicle impacted the end and immediately began yawing at a
rapid rate as shown in Figures 7 and 8. As the vehicle rear end was
nearing contact with the remaining upright portion of the railing, the
vehicle front pitched downward and the upright railing element contacted

the right rear wheel. The force applied toc the rear wheel induced a



rolling motion to the car that caused the vehicle to roll on its side
before sliding to rest.

WBCT-3. The objective of this test was to evaluate the wood post
BCT for a 60-mph (97-kmph), 15-degree angle impact with minicompact
centerline in line with end post centerline.

As shown in Figures 9 and 10, the test vehicle behavior was
similar to the previous test except that complete rollover of the
vehicle occurred.

SBCT-1. The objective of this test was to evaluate the steel
post BCT when impacted by a minicompact at 60 mph (97 kmph) with a 0-
degree angle and a 15-in. (0.4-m) offset.

The test vehicle impacted the end as shown in Figures 11 and 12;
a high yaw rate was induced and as the vehicle spun arcund, the beam end
penetrated through the right front window of the test vehicle.

Summary. Results of all of the 60-mph {97-kmph) baseline crash
tests were considered entirely unsatisfactory. For these test con-
ditions, the current BCT design was clearly not compatible with the

minicompact vehicle used in the tests.



ITT. GUARDRATL BCT RETROFIT DEVELOPMENT

As a result of the unsatisfactory results of the baseline crash
tests, the original test matrix was redirected. Redirection of the
project focused on retrofitting current BCT designs to make them more
compatible with the minicompact vehicle.

The retrofitting investigation included the development of a
mathematical analog to permit parametric evaluations of the problem,
analysis of the current BCT design(s), bogie tests, pendulum tests, and

crash tests.

A. Math Analog
A simple algorithm was developed to examine the problem of end-on

impacts such as experienced with the BCT. The two-dimensional program
ENDON consists of a2 rigid vehicle structure which includes:

® vaw moment of inertia
® total weight

® front axle location

¢ rear axle location

® wheel track

The collision event is initially modeled as a concentrated point loading
with a specified eccentricity. This concentrated impulsive force is
assumed to act in the vehicle longitudinal direction. Development of
the ENDON program is described in Appendix B.

Parametric studies were conducted using the ENDON program to
provide insight into off center impacts using Honda Civic vehicle
properties. Since the yaw moment of inertia for the Honda Civic was not
available, this property was measured using a torsional pendulum; this
value determined, IZ = 8000 in.—lb—secz. Based on the parametric
evaluation, a formula was determined using curve fit techniques,
that provides a relationship hetween impact velocity change (impulse),

yaw rate, and eccentricity.

_ 366 /"0 (1)

AV =
E1.20




where

4V - velocity change, ft/sec
E - eccentricity of impact, in.
U/x - vehicle vaw rate, deg/ft

for

I 8000 in.—lb—sec2

A
U

i

it

1.0 (pavement/tire coefficient of friction)

In considering the desired behavior of the BCT, it was determined
that a vaw rate of approximately 10 deg/l2 ft would result in desirable
redirection of the vehicle behind the guardrail as determined graphically
in Figure 13. From Eguation 1, the maximum velocity change { AV) can be
solved using this yaw rate ( {/x) and the 15-in. (0.4-m) eccentricity
(E) as input. Thus, based on ENDON formulations, a velocity change (AV)
due to end-on impact with a BCT of 8.5 mph (13.7 kmph) would result in

desirable performance for the 15-in. (0.4-m) off-center impact.

B. Current BCT Analvsis

The current BCT design was analyzed for easy ways to reduce the
resistance of end-on impacts. Since the wood end post BCT has by far
the greatest usage to date as compared to the steel slip base post, this
design was selected for this analysis.

Elements of the BCT considered were the following:

End post(s)
Nose

Beam

Anchor cable

End Post. Based on pendulum tests conducted during BCT develop-
ment, the force required to fracture the end post produces an impulse
considerably below the 8.5 mph (13.7 kmph) threshold value determined
from ENDON; therefore, the beam element was considered the chief con-
tributeor to the resistance. Accordingly, it was deemed desirable to
explore ways of reducing the end-on resistance of the beam element.

Nose. The nose of the BCT is designed to spread the load over a
large area of the car; unfortunately it is too high at the lower extremity
to intercept lower cross members present on most minicompact cars for
end-on impacts or the floor sill for side impacts. By intercepting the

cross member or the sill, the possibilities of beam intrusion into the



passenger compartment is diminished. Diaphragms used in early BCT
designs were subsequently omitted due to cost-effectiveness analysis.
Beam. Based cn previous discussion of the post, the beam
element was examined for ways to reduce resistance. As shown in
Figure 14, there were two apparent features of the beam detail that
contribute to the end-on resistance problem. As shown in Figure 14(h),
as the nose collapses, vehicle contact with the beam end occurs before
contact with the breakaway post; thus, the anchor cable "reinforces" the
beam against buckling until the post breaks away and releases the cable.
Secondly, the beam is bolted to each post in the flared area; each post
bolt provides a resistance to buckling.

Anchor Cable. The function of the anchor cable is to develop

beam strength for oblique impacts downstream of the anchorage. Release
of the anchor cable for end-on impacts is critical due to capacity of
cable to reinforce beam against buckling prior to release from the

breakaway end post.

C. Initial Retrofit Formulations

Based on the analysis of the current BCT design, an experiment
was recommended for test using a bogie vehicle. The purpose of the
experiment (BBCT-1) was to eliminate the end-post/anchor cable con-
tribution to the end-on resistance. Accordingly, the first post was
eliminated; the W-beam was shop-bent to conform to the parabolic curve
without post attachment. The beam was attached to the steel line posts
with No. 10 machine screws which offered only nominal resistance.
Appendix A has complete details of this test (BBCT-1). Results of this
test were favorable, and a second bogie test designed to evaluate a BCT
installation with an added wood nose spacer and beam/post holts removed
at all posts in parabolic flare. Results of this test {BBCT-2) as

described in Appendix A were again considered favorable.

D. Full-Scale Retrofit Tests

Subsequent to the initial bogie tests, seven full-scale tests
were conducted to retrofit designs as summarized in Table 3. All but
one of these tests (WBCT-10) were conducted with Honda Civics impacting

end-on, 15 in. (0.4 m) off-center at 60 mph.



WBCT=4. The purpose of the test was to evaluate the instal-
lation that had performed favorably in bogie test BBCT-2. As shown in
Figures 15 and 16, the test vehicle yawed and pitched violently before
coming to rest. The difference in vehicle and bogie behavior was attri-
buted to lack of similitude between bogie and vehicle properties (notably
¢rush, suspension, and roll moment of inertia).

WBCT-5. The purpose of this test was to evaluate the per-
formance of the wood post BCT which was further modified from that of
WBLT-4 to reduce end-on impact resistance. The installation was modified
by redesigning the wood nose spacer, and the use of three sawcuts in the
W-beam rail to cause the forming of hinges in desired locations.

Although it was recognized that determination of the dymnamic
strength of the W-beam during end-on impacts was exceedingly complex, a
simple Euler column analogy was assumed to examine methods of reducing
the W-beam end-on resistance. As shown in Figure 17, different schemes
for removing material from the basic W-beam cross section were inves-
tigated (i.e., no change in the basic cross section geometry was made).
The saw cut geometry for WBCT-5 is described along with other schemes
later in Figure 23.

As shown in Figure 18, the nose spacer was lengthened to
further distribute the impact loading over a larger area of the vehicle,
particularly to the vehicle lower cross member. An examination of some
subcompact and minicompact vehicles as summarized in Table 4 revealed
the presence of a lower cross member that could be effective in front
load distribution if the nose was lowered.

As shown in Figures 19 and 20, the test results were not
significantly improved over the previous test. Although the vehicle
remained upright, there was considerable yaw and pitch instability
noted.

WBCT-6. The purpose of this test was to evaluate a retrofit
scheme with a different distribution of ecut out hinges in the beam.

As shown in Figures 21 and 22, the vehicle impacted the end
with resulting fracturing of end post and hinges formed as desired on
the beam section. Yawing of the vehicle initiated by the initial impact
continued until the second post fractured and the beam separated at the

two hinge locations. Due to the pronounced vaw, the rear side of the



vehicle rode over the next three steel posts causing a downward pitch of
the vehicle front resulting in a 90 deg frontward roll ending in a 90 deg
side roll as shown.

The velocity change for this test during the initial impulse
was 44 ft/sec (13.4 m/sec) which is over three times the desired wvalue
from ENDON program.

WBCT-7. Based on performance noted in Tests WBCT-5 and WBCT-
6, it was concluded that the cut out hinge design was not promoting
buckling of the beam soon enough. As shown in Figure 23, the hinge
design was changed to cause earlier collapse of the beam during end-on
impacts. In addition to the change in cut out geometry, an additional
cut out was installed as shown in Figure 23.

As shown in Figures 24 and 25, the vehicle impacted the end
with upward movement of the railing of over 4 ft (1.2 m) as the vehicle
yvawed over 90 deg before the rear side rode over the first three steel
posts. Although considerable pitching and rolling instability was
noted, the vehicle remained upright.

Pendulum investigation. In order to further reduce the end-on

resistance and reduce the yaw rate of the vehicle, it was proposed to
weaken the end post by saw cutting as shown in Figure 26, Since this
would weaken the end post anchor strength function, a pendulum test was
conducted to verify that the saw cut did not compromise the zanchor
strength function of the end post; results of the test are given in
Appendix A.

WBCT-8. The purpose of this test was to evaluate the modified
BCT using a saw cut in the end post (see Figure 26) and an additional
hinge 2 ft (0.6 m) downstream of the end post.

As shown in Figures 27 and 28, the vehicle fractured the first
post and climbed over the railing which had dropped to grade. When the
vehicle reached the second post its elevated position caused this post
to rotate in a bending mode rather than a shear tvpe fracture, and this
contributed to further launching and rollover of the vehicle.

WBCT-9. The purpose of this test was to evaluate the modified
BCT with four hinges as in Test WBCT-7 and the saw-cut end post. The
hinge 2 ft {0.% m) downstream of the end post from the previous test was

deleted as it contributed to the undesirable behavior of Test WBCT-8.
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As shown in Figures 29 and 30, the vehicle was redirected
behind the installation although yvawing and pitching instability were
again noted.

WBCT-10. The purpose of this test was to evaluate the strength
of the WBCT-9 retrofit for an angular impact at the third post.

The 4819-1b (2186-kg) vehicle impacted the railing at 24.9 deg
(measured from the guardrail straight alignment). As shown in Figures
31 and 32 the vehicle pocketed at the third hinge location and penetrated

the rail when the beam severed at the hinge.

E. Current Research

As part of a new FHWA Contract (DTFH61-81-00076) at SwRI, methods
of reinforcing the retrofitted BCT design of Test WBLCT-9 are being
investigated. All of these tests were conducted with full-size Ford
LTD's impacting the third post at 60 mph (96.6 kmph).

RBCT-1. For this test two wire ropes were nested in the corruga-
tions behind the W-beam rail extending from a location just upstream
of Post 3 to one just downstream of Post 8 (as shown in Figure 33)}.

Ends of the wire ropes were attached to the W-beam with special brackets.
Although the vehicle was redirected by the system, impact velocity was
only 50.0 mph (81.3 kmph) necessitating a test rerun.

RBCT-2. 1In this repeat test of RBCT-1 the vehicle pocketed
causing the rail go sever at the notch between Posts 5 and 6, and
fractured Posts 1 and 2, subsequently penetrating the installation as
shown in Figures 34 and 35, Vehicle pocketing was attributed to excess
barrier deflection prior to reinforcement by the wire ropes.

RBCT-3. To provide stronger upstream anchorage of the wire ropes
which in turn would allow less barrier deflection, the ropes were con-
nected to a flat plate attached near grade to Post 2, In addition, the
wire ropes were attached to the blockout of each interim post with
U-bolts (four per post), as shown in Figure 36.

As shown in the sequential photographs of Figures 37 and 38
the vehicle was redirected by the reinforced installation although it

did reach a high roll angle (approximately 31.5 deg) during the event.
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1V, CONCLUSIONS AND RECOMMENDATIONS

Based on the findings of this prcject, conclusions and recommenda-

tions are made regarding guardrail BCT installations.

A. Ceonclusions

1. The current recommended guardrail BCT(7) designs are not
compatible for high-speed off-center impacts with 1800-1b (800-kg) class
minicars. .

2. Since many agencies have not installed the guardrail BCT with
the recommended 4-ft (1.2-m) flare, performance of these installations
can be expected to be even poorer than those tested in this project.

3. The current BCT can be retrofitted for compatibility with the
1800-1b (800-kg) minicar; however further work on the retrofit design is
needed to provide adequate strength for angular impacts mear the end.
Test results from WBCT-9 indicate marginal conformance with NCHRP
Report 230(12) as shown in Table 2. Table 2 also illustrates criteria
applicable to terminals from TRE Circular 191 (11) which preceded
Report 230.

4, Highway safety hardware in general may not be compatible for

high-speed, off-center impacts with 1800-1b (800-kg) minicompacts.

B. Recommendations

1. The basic retrofit concept of Test WBCT-9 should be modified
to provide adequate strength for angular impacts near the end.

2, The steel slip base post BCT design should be evaluated for
performance with the modifications used in the wood end post retrofit
development.

3. Agencies should consider these modifications in new BCT
installations and cease installation of straight or modified BCT flare
geometries.

4., A straight terminal is needed for roadway sites which will
not accommodate a 4-ft (1.2-m) flare.

5. The median barrier BCT (MBCT) should be evaluated for high-

speed, off-center impacts with minicompact vehicles.
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0.3 sec 0.7 sec

FIGURE 5. TEST WBCT-1 IMPACT SEQUENCE
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R - B i H 8 g B
Test No. L e e e e, WRCT-1
Date e e e 3/31/80 Vehicle Mass
Test Installation Drawing No. .......... 03-5433-01
Rail ......... .. ...... 12 ga steel x 12.5 (t (3.8 m) Impact Speed
Tg W=beam {mpact Angle
Past (footing mounted) ..... 6 in. (152 mm) x 8 in. Lxit Speed
(203 mm) x 5.33 fr (1.6 w) lyg -so0d Exit Anglec
Post (s0il mounted) ........ 6 in. (152 mm) x 8 in. Vehicle Front-End Crush
(203 mm} x 6 [t {1.8 m) lg wood
Post Spacing . ..ouii i e imannn . 6.25 {t (1.9 m) Tateral {cine/electr)
Length of Installation ............... 100 Fr (30 m)
Soil Condition ...t e Dry Vehitele Damage

- FIGURE 6+

Vehicle ... .

Vihicle Accelerations (max 50 ms avg)
Longitudinal {cinc/electr)

TAD e e

SUMMARY OF RESULTS,

(w/dummies and instrumentation)
30.7 mph (49.4 kumph)
-0.3 deg

TEST WBCT-1

96.5 deg
(508 mm)

1975 Honda Civic
216/ 1b (983 kg)

(2.1 g/1.5 )
(=9.0 g/-9.6 g)

12-Fc-5
L2FCEWY



FICURE 7. TEST WBCT-2 IMPACT SEQUENCE
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Tmpactk

T o WBCT-2
DAaEC a s e e e 4/3/80
Test Installation Drawing No., ....... 03-5433-01
Rail ....12 ga steel x 12.5 ft (3.8 w) 1lg W-beam
Post (footing mounted)... & in. (152 mm) x 8 in.
(203 mm) x 5.33 ft (1.6 m) lg wood

Post (scil mounted)...... 6 in. (152 mm) % 8 in.
(203 mm) x 6 ft (1.8 m) lg wood

Post Spacing ......... ... ... 6.25 ft (1.9 m)
Length of lnstallation .......... 100 [ (30 m)
Soil Condition ... ... ..iieiuiiiiinrnnnnnas Dry

Velticle .ot 1975 Honda Civic

Vehicle MASS o.vuivuvvcnnnn nn 2178 1b (988 kg)
(w/dummies and instrumentation)

Impact Speed vovvvunannn.. 59.0 mph (95.0 kmph)

Impact Angle ... ... ... ... .. i, ~0.3 deg

Exib Speed oo o e e 0

Vehicle Front-End Crush ..... 20.0 in. (508 um)
Vehicle Acceleraticns (max 50 ms avg)
Lateral (cinefelectr).....vv... (3.7 g//7.9 )
Longitudinal (cinefelectr)..(-13.1 g/-15.0 g}
Vehicle Damage
TAD v e tvmveatnnarsnsnaannennsnannnsson 12-FC-6
70 O 12FCEWE

FTIGURE 8+ SUMMARY OF RESULTS, TEST WBCT-2

8. R___R rﬁ ]



Impact 0.4 sec

FIGURE 9. TEST WBCT-3 TMPACT SEQUENCE
22
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WBCT-3 Vehicle oo oioie oo 1975 Honda Civice
4/17/80 Vehicle MAs8 vuvvvernrnennsnnss 2178 1L (988 kg)

Test Installation Urawing No. ........ 03-54133-01 (w/dummies and instrumentation)
Rail .... 12 ga steel x 12.5 ft (3.8 m) lg W-beam Ilmpact Speed .v.ivieieiian. 59.3 mph (95.4 kmph)
Post (footing mounted) ... 6 in. (152 mm) x 8 in. Impact Angle ... ..ot 14.5 deg
(203 mm) % 5.33 fr (1.6 n} lg wood Exit Speed ... o]
Post (soil mounted) ..... & in. (152 mm)} x & in. Vehicle Front~End Crush....... 24.0 in. {610 mm)

(203 mm) x 6 ft (1.8 m) 1p wood Vehicle Accelerations (max 50 ms avg)
Post Spacing ......cciiiiiinnan 6.25 ft (1.9 m) Lateral {cine/elecer).._ .. ...... (6.6 g/7.6 g)
Length of Tnstallation ............ 100 fr (30 m) Longitudinal (cine/electr)...{-14.6 g/-13.8 g)
Soil Condibion ..uuuivue o irinrrannnnannns Dry Vehicle Damage

TAD e e e 12-FC-6
VDL e e L2FCEWG

FIGURE 10, SUMMARY OF RESULTS, TEST WBCT-3
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FIGURE 11. TEST SBCT-1 IMPACT SEQUENCE
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3]

Test Installation Drawing No.
12 ga steel x 12.5 ft (3.8m) 1g W-beam
TSHxHx0. 1875x25.
(648mn) Ly steel
W6x9x6 fr (L.8Bm) lp steel
6.25 fr (1.9m)
100 fr (30m)

Post {(footing mounted)

Post (s0il mounted)
Post Spacing
Length of Tnstallation
Soil Condition

E___ ¥ .. __F .} __ % ____ _X_ I .
Vehicle oo oo i oo, 1975 Honda Civice
Vehicle Mass ........ ... ou..n. 2180 1b (989%kp)

(w/dummies and instrumentatian)
Impact Speed ..... e 60.0 mph (96.6kmph)
Tmpact Angle ............ e e s 0.5 deg
Fxit Speed oo i e e .. 0
Vehicle ¥ronr-Fnd Crush ... .. 22.0 in. (h71mm)
Vehicle Accelerations (max 50ms avg)

Lateral {(cine/electr) .............. 5.0p/4.5¢

Longitudinal (cine/electr)...... -11.2g/-15.2¢g
Veliicle Damage

TAD o e e e ... 12-TC-8

120 1 e 12FCLEWG

SUMMARY OF RESULTS, TEST SBCT-L1
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Standard beam
attachmene bolts

3

(a) Current BCT design (flared)

Cable teosion reinforces
beam in resisting vehicle
forces

Kﬂ Beam resctrained from buckling
at each post attachment

Vehicle contacrs beam end before post -
cable {g fully effecrive in resisting
end-oun forces

fb) Ucndesirable features of current BCT
inscall spacer - promotes early post

failure - releasing cable. Spacer also
holds flare shape

Remove standard bolts in flare zone

(e) Retrofir featuras

Cable slack before
vehicle conract w/beam

No restraint agalosc beam buckling -
end

©o beam/post attachmeont

Vehicle contects spacer and pasrt fatlure
1s initiaced prior to vehicle contact
wicth beam end

(d) kerrofit changes io behavior during inftrial impact sequence

FIGURE 1l4. CURRENT BCT AND RETROFIT
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FIGURE 15. TEST WBCT-4 IMPACT SEQUENCE Ibe:t available copy.
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Impact

"Adoo e|qe|jEAR 153
WwoJ4 paosnposday

Test NOw wo o i e it WBCT-4
T = 4/8/81
Test Installotion Dwg. No. ........... 03-5433-03

Rail .... 12 ga steel x 12.5 ft (3.8 m) lg W-beram
Post (looting moumted) ... 6 in. (152 am) x 8 in.
(203 mm) = 5.33 ft (1.6 m) 1g wood

Post (s0il mounted) .. WoHx9x6 ft (1.8 m) lg steel
6.25 fr (1.9 m)

Post Spacing ....... ... ..., ...
Tength of Lostallation ..uve.eea., 100 fr (30 m)
Soil Condition .., ... e Dry

FIGURE 16.

0.30 sec

i ]

1975 llonda Civic

Vehicle ... iciiiiiiiriaaannns
Vehicle Mass ................. 2170 1h (984 kg)
{(w/dummies & instrumentation)
Impact Speed ............. 59.4 mph (45.6 kmph)
lmpact Angle ... ... i iininens 0.6 deg
Exit Speed ... i e e s (0
Vehicle Accelerations {max 50ms avg)
Lateral (cinc/electr) ........... 1.6 g/6.0 g
Longitudinal {cine/electr) .. -10.0 g/-16.4 g
Vehicle Damapge
TAD e e i e e s 12-FD-6
VDT e e 12FDEW6

SUMMARY OF RESULTS, TEST WBCT-4
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Unmodified W-beam
Mod A - 2" long. cul in valley
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| P
f B DR ] CR
0.5 1.0 1.5 2.0 ;
7 !
AREA a, in.
P 5 Wee
CR TR 2 .
-— = - Onlv a & r varv; P__ ~ ar + .
a (C/ry” - : cn
o % PCR Peduction
= 1.99, r = 1.075 (
= 1.79, r = 1.049 15
= 1.59, v = 1.000 31
a = 1.29, r = 0.846 60

W-BEAM STRENGTI REDUCTION INVESTIGATION

30



) o
Tl

(a2) Beam cut-out (see Fig. 15 for location)

(b) Nose spacer

FIGURE 18. WBCT-5 DETAILS
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FIGURE 19. TEST WBCT-5 IMNMPACT SEQUENCE
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Impacc

U.1 sec 0.2 sec

~ b
4 \
i i
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1
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o _ _

| S
~ 7
Test NO. L iiiin s i s i i e WRET-5
DAEC &t e e e e 5/BJEL
Test Imstullation Dwg. No.o .o ... ... 03-5433-03
Rail .... 12 ga steel x 12.9 7c (3.8 m) 1g W-beam

Past {fouting mounted) ... A in. (152 mm) x 8§ in.

(P07 mm) x 5.33 {r (1.6 m) lp wond
Post (snil mountred} WExOx& fe (1.8 m) 1g stecl
Post Spacing . ... . ... ... . ..... 6.25 Mt (1.9 m)
Length of Installation 100 (e (30m)
S01l Conditiom v uuweiimninnwrerionorenes Dry

FIGURE 20,

0.3 seu 0.4 sec

/P ETE E M

S = f i

Vehicle conivininmnavnncn s L1277 Honda Civic
Vehicle Mans oo oo 2170 1b (984 kg)

(w/dummios & instriamentation)
Impact Speed ooovvieinn... 56.8 mph (91.4 kmph)
[mpaecr Angle ... o oL i (0 deg
Exit Speed (oo e e e e Q
Vehicle Accelerations (max 50ms avg)

fateral {cinefelectr) .....oveuun.n n.a. /3.9 p

Tongitudinal (cinefelectr) . .... n.a./-16.9 g
Vehicle Damage

TAD 12-ED~6

VDI

SUMMARY OF RESULTS, TEST WBCT-5




FIGURE 21. TEST WBCT-6 IMPACT SEQUENCE T

Reproduced from
best avallable copy.
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Test NOw o i e e s e WBCT-6
DAL vt et e e 5/22/81
Test Installation Pwg. No. ........... 03-5433-03
Rail ..... 17 ga steel x 12.5 FL (3.8 wm) 1g W-beam

Pest (footing mounted) .... 6 in. {152 mm} x B in.
(203 mm) x 5.33 fe (1.6 m) lg wood

Poar (soil mounted) ... Wex9x6 {c (1.8 m) lg steel
Pust Spacing  .......... e 6.25 ft (1.9 m)
Length of Installation ............ 100 fe (30 m)
Soil Condition .. ... ..o i i, Dry

FiGURE 22

.. et i

VeNICLE wuwne i vnannnnanennn 1974 Honda Civic
Veliicle Mass . ............. (2124 1b (863 kg)

(W/dummies & instrumencarion)
Impact Speed ...vueia..n 60,4 mph (97.2 kmph)
Impact ANBlEe wiiuvierineneran s 0 deg
Exit Speed ... L. 0
Vehiele Accelerations (max 950 ms avg)

Lateral (cine/electr) ......... 4.2 /3.5 ¢

Longitudinal {cine/electr)..-11.2 g/-18.7 g
Vehicle Damage

1 £ 12-FD-6

L 1 O 12FDAWG

22 SUMMARY QF RESULTS, TEST WRCT-6
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1/2" dia—
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1/2" dia
\<§45° 45"[\ > 1/2" dia
| |
1 —-—‘,‘\’_7\»7 ’_P-AJ\ ]
1-3/4 l | 11/on _ﬁ»_l

® ( ® {

J l

& BEAM CUT OUT DESCRIPTION
. WBCT—S 13‘—6“ l 4'_0" I_- 6'—0" — -
—— Je— - [
WBCT~6 3'-g" 10'-0" 10'-g" }@locatlons
WBCT 77,9 & 1G] 3'=-0v g'—q" 121" B 13-'0"
 _WBGCT-8 2'_!1' 8'-0" 12'-0" 4 13t-o”

L@location

FIGURE 23. BEAM CUT OUT GEOMETRY



1.1 sec

FICURE 24. TEST WBCT-7 IMPACT SEQUENCE
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Impact

S

0.1 sec 0.2 sec Q0.3 sec 0.4 scc
""1\
- ‘\
- 2
- -~ t
’ . i
Z7 7
ey
LA .
- ’ . A3 7T SE I
. ‘ Y '
- ' ’ ’ hY ‘
ey VL
s=ied 4 g 3 g P ¥ i S I
- ~ s
Tost NO- o e WHCT-7 Vehicle .u.-uvi.s e v« 1975 Honda Civic
1 T &6/29/81 Vebicle Mass  .........-..-.-. 2120 1b (902 kg)
Test Installation Drawing No. ....... 03-54133-03 {w/dummics & instrumentation)
Rail ... 12 ga stecl x 12.5 fr (3.8 m) lg W-bheam Impact Specd .o.vivinion.. 59.2 mph (9%.3 kmph)
Fost (footing mounted) ... 6 in. (15Zmm) x & in. Tmpacr Angle . ... .. 0.2 deg
(203mm) x 5.33 't (1.6m) lg wood FRIE 8P v iemn it i it e et i 0
Post (s0il mounted) ...W0x9x6 L (1.8m) 1y stael Veliirle Accelerations (max 50ms avg)
PASt SDACIDE . ovvrt ot e 6.25 fr (L.9m) Lateral (cinmc/electr) ...vvnuin.... 3.1/ 4.5¢g
Length of Installation «oov..oae. .. 100 fc (30m) Longirtudinal (cine/electr) ...... ~8.8g/14.1g
Soil Condition .....u.i.cuieiniinnenrnansian Dry Vohicle Damage
TAD & e i a e, 12-¥D-6
DT w e e e L2FDEWE

FICURE 25,

SUMMARY OF RESULTS, TEST WBCY-7
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FIGURE 27. TEST WBCT-8 IMPACT SEQUENCE

40 Reproduced from
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Impact

0.5 sec 0.10 sec

PR

TeaT NO. i i ie e e e WBCT-8
DAL o e e &/7/81
Test Lnstallation Drawing Ne. ....... 03-5433-03

Rail .... 12 gua steel x 12.5 [t (3.8 m) lg W-beam
Post {(feooting mouncted) ... & in. (122 ) x 8 in,
(703 mm) x 5.33 (¢ (1.6 m) 1y wood

Post (soil mounted) .. Wéx9x6 ft (1.8 m) 1lp strel
Post Spacing .uvevcunenvrconnen-n 6.25 fr (1.9 m)
Length of Installarion ............ 100 f£ (30 m)
SoIl Condilion ... i iiainnaane, Dry

FIGHRE 28. SUMMARY OF RESULTS,

0.15 sec 0.20 sec

0.25 sec 0.35 sec
2
N\
A
o D i
D ot _ .
- (40/‘4) DS T ST
NS N TSI S S |

Vehldole covraiai e e aonn 1975 Honda Civic

Vehiele Mass oo eeii ey 2014 1L (914 kp)
(w/dummics & instrumentation)

Impact Speed 50.3 mph (95.4 kmph)

Tmpact Angle .. 0.2 deg
FrLl Spued .iuieeetiaeinaiennanr e narasinra 0
vehiele Accelerations {max 50 ms avyg)
Lateral (cinefoleetr}. oo, 4o1gl-2.7¢
Lopngitudinal (cinefelecer) ....... — /. 6g/-8.g
Vehicle Damage
TAD e e i e 12-FD-0
) 12FDTWG

TRST WBCP-8
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FIGURE 29. TEST WBCT-9 IMPACT SEQUENCE

42



e

Impactl

0.05 sacc 0.10 see

0.15 see U.20 scc

[ — 1
i f i b3 | S I b3 b4 il |
oS '
Test NO. L i e e e WBCT-9 Vehicle oo oo oo 1975 Honda Civic
1 8724 /81 Vehicle Mass ... ... . ... ....... 2040 1b (925 kg)
Test lastallacion Drawing No. ... . ... 03-5433-03 (w/dummies & instrumentalion)
Rail .... 12 ga steel x 12.5 ft (3.8 m) lg W-beam Tmpacl Speed v.vveiveenna.. 59.3 mph (95.4 kmph)
Post {footing mounted) ... & iu. (122 wm) x 8 in, Tmpact Angle .. ... .. ... .. . -1.3 deg
{203 mm) x 5.33%3 It (1.6 m) lg wood D Y Y 0
Post (scil mounted) .. Wex9x6 Ft (1.8 m) 1g stcel Vehicle Acceleratious {wax 50 ms avg)
Poast Spacing .........o. ... ... 6.25 ft {1.9 m) Lateral {cine/ulectt)..ov.vou.. ... noa./-3.3 g
Length of Installation ............ 100 [c (30 m) Longiludinal {cine/eleetr) ..., N /=122 ¢
Soil Condibion ... .viiiii i Dry Vehicle Damage
TAD i 12-rD-6
L 12FNEWA

FLGURE 30. SUMMARY OF RESULTS, TLST WBOT-3



FICURE 31. TEST WBCT-10 IMPACT SEQUENCE
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wn

Impact

Cmem = 7
—

_E i 3 i :
TesL WBGT-10 Vehicle . ieieian i s nanann e 1978Ford LID
DALE it it et 5/18/81 Vehicle Mawss .......... ... ...... 4500 1h (2041 kg)
Tesr Tnstallation Drawing Neo.. ... . ... 63-5433-03 (w/dummics & instrumentation)
Rail 12 ga steel x 12.5 ft (4.8 m) lg W-beam Impact Speed o ovviarrnineae. i 58,1 wph (93, Skmph)
Post (footing mounted) ... & in. (152 mm} x 8§ in. Impact Angle ... .. ... 24.9 deg
(203 mm) x 5.3% fL (1.6 m) Ll wood Exit Speed o iiiiiveranananes 51.3 wph {82, tlauph)
Post (so1l mounted) .. Wox9x6 ft (1.8 m) lg steel Exit Angle ... ... ... ..l 0 deg
Post spacing ... ... . ... ... 6.25 ft (1.9 m) Vehicle Accelerations (max 50 ms avyg)
Length of Installation ............ 100 £t (30 m) Lateral (cine/electr).......cv-o-n- 4.6 gl-1.2 ¢
Soil Condition . ....... . ... . ...l Dry Longitudinal (ecinefelectr)......... -4.8 p/-5,2 I
Vehicle Damage
TAD e 11-FL-3
L 11FLEW3

FTIGUKE 32. SUMMARY OF RESULTS, TEST WBCT-10Q
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Backup wire ropes - 3/4" dia x 32' long

T e — P
== . =

B ] A { L o

a

BCT REAR ELEVATION

Anchor brackets »~ 5/8" dia hex hd
bolts (8 per e i
bracket) ire ropes

Q;Wire rope anchor stud

W-beam rail

View B-B

_b~3d l'ost blockout
(typ both enads)

3 sp @ 4"

View A-A
an (typ Posts 3 thru 8)
- 12II

FIGURE 33. WIRE ROPE BACKUP SYSTEM - TEST RBCT-3
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IMPACT

TesL HU. uenn it i iiiiiiannans +.... RBCT-2
DAEE v vinann e e 11/13/8)
Installation
DWG NG e cna o SWRL 6628-1
Length — Ft (M) ..ovveevievan s 100(30)
Beam Rail
Member oL e 12 CA Stcel W-Beam
Length — Fr (M) ... ... cvvvan e 12.5(3.8)
Maximum Deflections
Dynamic - Ft (M) ...... . 0 iviinnnnns 1n(3)
Permanent - Fr (M). ... ... ivinnnann 10¢3)
Past {(Fooring Mounced)
Material ........ . .. . . i oo Wood
Nimansions — In (M)...6x8x64 (0_15x0.2x1.64)
Embedment - Tn (M} ... ... ..... ... 16(0.9)
Spacing - Fr (M} ................ 6.25(1.9)

[
| h
i i
t ]
E O |
- B T S | S H

PR
SO ST S

PosL (Soil Mounted)

Material ... ... i P 1L §

Dimensions - In (M)..W6x9x72 (0.15x0.23.1.8)

Embedment — In (M) ........... coe A4 (10D

Spacing - Ft (M) ........ 6.2% (1.9)
Soil Type and Condition ... .vveennnn 5-1/Dry
Vehicle

Model ........ i asne e s 1978 Ford LID

Mass — Lb (kg) Test Inectia .... 4555 (2066)
Dummy .....uo.ovn0.0. 103 (75}
Gross .o.eveiov.. 4720 (2141}

Specd - MPH (kmph)
58.7 (94.9)
33.7 (54.2)

FIGURE 35.

SUMMARY OF RESULTS, TEST RBCT-2

Angle - Deg

Tmpact 268
Exit P . Cees -7.4
Occupant Impact Velociiy - Fo
Forward .. v iiiiiiiiee i
Lateral ........ e e e aa e
Occupant Ridedown Acceleracion - g's
Forward ... vvevivnnnn e
Lateral ..... e e
Vehicle
Rebound Distance - FL (M) ..... Penetration
Damage
TAD v en e i e e e 11-FL-3
VDI vvvvennns T, 11 FLEW 3



— Backup wire ropes - 3/4" dia x 32' long

c¥_ V¢ , Ry _YB
P 3 —_— JJ _tj\::h%hfqhi)uwmaa-‘\\\\

9-1/16" ' \
L BCT REAR ELEVATILON A

o (6 4 |
“Iﬁh—¥‘———lgi_¥m'I\\\\—_ 1-1/16" dia hole (3) lﬁ _§ *

/ ;;;III ‘ 2
NFTATL - ANCHOR PLATE yd TLITEIg
Wi ro W-beam e
~ T pre pe Post 2 Wire rope anchor stud —
\O \ -
—BCT bearing plate \\\“-BlnchouL

Anchor plate View C-C

ar

~— Wire rope

1" dia bolt

U-bolts (4) - torque nuts to 130 ft-1bs

4 x4 ox 1747 2'"" (nom) pipe insert Blockout
washer
EEI&ELHQ View B-B
{(typical Posts 3 thru 7; W-beam
omitred for clarity)

FIGCURE 136. WIRE ROPE BACKUP SYSTEM - TESTS RBCT-1 & RBCT-2
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FIGURE 37. TEST RBCT-3 IMPACT SEQUINCE



IMPACT 0.05 SEC 0.10 snc 020 SEC 0.90 8EC 0.40 SIC

L SO TACT FOR
PSS S S R

/ﬁ;.hafr717_1.//ML,

R A A
| (FEsGAA "
i B
= b
I
- J 1
) i
' |
T T s ]
w
- -
TeAt No. viveiiiiinaicnan e RBUT=3 Post (Seil Mounled) ! Angle — Deg
= . Le/1o/el Material ...l e Stecl TAPACT « v e e T
Installarion Dimensions ~ Ln (M).... Wéx2x72 ([l‘lix();;i.l.S) Fxit R, 3.4
DWG NO. i vevenoo SWRT 6629-1 Embedment - In (M) 44 (1.1} Qeeupant Impact Velocicy — Fu/Sec (M/S)
Lengih = FO (M) vuvevnerannennenns Ceees 1003 Spauing - Ft (M) ........ S 675 (1.9} L R
Beam Rail Soil Tepe and Conditien ................. s5-1/0ry LATEFAD oo ,
Member ............ .o 12 CA Sreel W-Beam Veliicle N Oceupant Ridedownm Asccleracion - g
Length Ft (M) ....... 12.5¢3.4) T L9784 Ford LT Forward T )
Maximum Deflecrions Mass - Lb (kg) Test Inertia —...... 4527 (2053 P
Dynamic — Ia (MM) ................. 23.6(599) umay - }‘657(7S> Vehiele
n Permancal — La (MH) .ooo.o.... L. 21.6¢599) Cross . ........ ..o 6897 (2128) Reboand Distance - Fr 8 oo oo 6 (1.8
-\J Post {Fooling Mouated) Speed - MPI (kmph) Bamage
Material ............iiiioei Wood Impact 55.9 (89.9) TAD oo L1-TL-1
Dimensions - In (M) ..... G6x8x64 (0.15xD.2x].6) Exit 31,3 (5043 VDL - 11 FILTW 3
Embedment — In (M) .................... 16(0.9)
Spacing — Ft (M} ... .. ... .......... 6.25(1.9)
FIGURE 38, SUMMARY OF RESULTS, TEST RBCT-3
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Reproduced from 2N TABLE 1

]
best available copy. '
—_———— .“__hh,ﬂj SUMMARY OF RCT ACCIDENT CASES

lmpace Impactl
Localbion Anple Installat fon Line
__Source Vehirle le) (deg) Ce End_Posls _Nase_ Fosts _ . Remarks
it
New lerscy ()
a1 69 VW frontal ~0 slraipht 8xf wond diaf stepl lst post hroke awav, but vehicle contained -
serlone njury to driver, BUT behind §"
curh
ie 71 Chevroler frantal ~0 strralpht xR wond no diafl steel Broke tst post, mlnor aceident, no injuries
] 75 Pantlae frontal 230 straipht Hufl vood no diafl slerf Splinrered Iar post - na injuries
(Laper)
h 76 Foard fruntal =0 srralphr AxR wood no diaf aleel Brake lar post, no injurics — BT hohiind
8" curis
s 64 Rambhler frontal ~0 sl ralghe HR wood no diaf slenl Rroke Tirst pest, vebicle strack alillty
(Laprr) pole tmmedfaceiy belind BCT, serious
tnjuries
o 72 chevraler [rontal >0 straleht xR dinf sreel Split 1st post, on injuries
7 Ford Van lrontal 0 astralghe Hxf no ddiafl steeo| Rall spearcd vehicle, modorole injury -
BCT bobhinedl 87 curb
s Dodae hort fromtal n straight 6Gx8 ne diaf steel Rail =peared vehicle, severe injnry
fa 0 Chresler fronral -0 straight HvR no diaf ateel Veliicle hit BCT and rode 80 [t on top,
Vehielo overtuarned, podarato Injory
fin Vepa frontal -0 straight Hxf no diaf sleel Rail spearved vehlele, serious injory
AR 17 Chovrolel frontal D stralglt axl no diafl arrel Veliicle ramped on BCT which did not hreak -
away, but leaned An sail - moderote injory
AV Chrvioler Yan frantal 1] stratphr fxR ~ ne diafl ateel Fst post splic, Zod post broke; head
i ’ iniurics
ts Plymouth Sarellioe Fromtal = stralpht Hrf no dlaf utend Ist poar hrake, rafl speared vehicle
tndfana (M)
it 77 Bnick Skylark side nn not kunwn steel =llp hase no diafl sreel Nase af R penelyated driver's donr, (atal
f2 79 Nodpe Van side © o0 not known ateel slip hase no diar slep] Nrse of RCT prenerraced pascenger compariment = [a
[} I Fopd Van Irontal w0 VIt flare <iee]l wlip base no slinl wlonl Nase penctrated veliele, aral
" 78 Camara s lde N 4 e frare aterl alip basc no diaf alerl Nose af MY pashed fonder under hood, Tarad
i 77 Camaran slade -0 1 fE flare strel slip hase no diaf stecel BCT peonetrated inco driver's deor, fatal
I a0 I'onmtiac Pllaenix slde S~ nol known atec] sllp hoase no diaf slerl BCE nenetialed thru door, Caral
#7 I Camaro Ironral n-10 17t (tare alecl aiip ha=e nn diafl atee) Vehicle Yol front brake RECT away - antiafactory
perflormance, wao injuries
A h9 Fard Pickay frontal ~1) t {1 Mare «1re] slip hase no dial stoel BCT porformed savisfactorilev, an injurics
i 68 Bnlek froneal hit Aot known stes| s1tp hase no diaf ateet BCT performed satisfactorily, BT bhebidnd o
(rut) si=rd hitum. eurh

nin 77 Tord frontal “0 I vt Flare sieel slip base necodinfl Alee] BET performed ealisfactarile go dnjuricen
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TABLE 2

SUMMARY OF BASELINE CRASH TEST RESULTS

o Impact Conditions Max 50 msec avg Vehicle Accel., g's

Vehicle Weight, 1h Angle, Speed, Longitudinal lateral
Test Inercia Gross Localion¥* dep mph Cine Elecer. Cine Electr. Remarks
WBCT-1 1837 2167 A -0.3 30.7 -9.0 -9.0 2.1 1.5 Vehicle yawed over 90 deg
WBCT-2 1848 2178 A ~0.3 59.0 -13.1 -15.0 3.7 7.9 Vehicle rolled on side
WRCT-3 1848 2178 B 14.5 59.3 -14.6 -13.8 6.0 7.6 Vehicle rolled over
SBCr-1 1850 2180 A 0.5 60.0 -11.2 -15.2 5.0 4.5 Vehicle speared by rall
*A - vehicle centerline of fset 15 in. from end post ceonterline

B — vehiclie centerline in line with end post centerllne
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TABLE 3

rReproduced from '
|| best available copy. SUMMARY OF BCT RETROFIT TESTS

~Impace Conditlons Max 50 msec Avg Acce Uccupant Risk

vehicle Welght, Lh Angle, Speed, _long. Impact Velocity, [ps Ridedown Accel

Tog L&k Tnertia Groas Lon _deg. mpl e Flectr Long. Lac Lat . A

WRM, -4 1841 2170 A .6 39,4 10.0 16,4 1.6 6.0 33.4 12.2 -1.6 -3.7 Vehicrle roll and pitch
instahillty

WRET- 3 1840 2170 A 0.4 S56_8 n/a -16.9 n/a 3.9 37.7 " -6.7 * Vehicle roll and plich
Instability

WBLT-H 17%4 it A 1.4 (IO -11.2 -18.7% 4.2 3.5 . A * -12.2 * Vehicle tumbhled amd
rolled onle side

wne-7 iran 210 A 0.2 9.2 -H.4 -14.1 3-1 by 4.2 7.8 -10.3 2.6 Velhicle rulb and pitch
incvrahllity

WHf -8 LGOAL 2014 A 0.7 58,1 -7.6 -B.3 4,1 -2.7 27 * -10.9 ¥ VYehiele launched and
ralled over

WRCT-49 (BTN 2OAT A -1.1 0.1 w/ia -12.2 nfa -3.1 0.2 * -8.4 * Vehicle remained upright
althengh pitch and

. rall was significant

WRe 1-10 L4R0 AR n 249 SA.1 —4.8 -5.2 -h.h 3.7 0.5 10.2 -6.2 4.1 Vohirle penetrated beam

RUCT-2 4555 6120 R 2h.R SR.7 -4,7 -3.7 Vehicle penerrated beam

RBCE -7 4527 692 B 24.9 55.9 -7.% -h.9 Velhicle redirected

*lnsul Cicyene tateval palse Tor oceapanl to displace 1.0 T thevefare, crileria Is not applicable.
*hkBoe Fignre Y Tor anslallation deseripiion,



TABLE 4

SMALL VEHICLE GEOMETRIES

B - A
Front bumper
| A
T o o 1 |
B!
Lower member i :
L R § C | :
9 H_ 1 3 n ‘ D T ! »
IR AN R A S
A B C D
Ford Tiesta 19-3/4 15-1/4 7-1/2 6-1/4
londa Civice 20-1/4 16=1/4 9 6=3/4
(pre '78)
Honda Civie 19 14-1/2 8-1/2 6=-1/2
('78 or later)
Chevette 70-1/2 15 9-1/2 7
Rabbit 19-1/4 15 6-3/4 5-3/4
Omni 20-1/8 15-1/8 8 (=375
K-car 21-1/2 14 3-1/2 6=3/4

55
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APPENDIX A

IMPACT TEST RESULTS

Data presented in this section were taken from pendulum, bogie,
and full-scale vehicle impact tests performed during the course of this
program. These are presented in the chromological sequence in which

they were performed.



TEST WBCT-1

Purpose: Objective of this test was to evaluate the wood post
breakaway cable terminal end treatment when impacted by a minicompact
automobile at 30 mph (48.3 kmph) and a O-deg angle. The desired impact
point on the vehicle was 15 in. (381 mm)} to the left of the vehicle
centerline.

Test Installation: The test installation as shown in Figure A.1

consisted of a 37.5-ft (11.4-m) long standard design wood post BCT
attached to a 62.5-ft (19.1-m) section of G4 wood post guardrail. The
system was anchored at the downstream end by a concrete deadman. Post
spacing was 6.25 ft (1.9 m) and the 6-in. x 8-in. (150-mm x 203-mm)
posts were embedded either 36 in. (0.91 m) in concrete footings (Posts
1 and 2) and 44 in. (1.12 m) in soil (Posts 3 thru 17). Height of the
steel W-beam rail was 27 in. (0.69 m).

Test Vehicle: The test vehicle was a 1975 Honda Civic sedan.

Two 50th percentile anthropomorphic dummies were placed in the driver
and right front passenger seating positions; dummies were restrained
by lap/shoulder belts. Total weight of the vehicle, dummies, and
instrumentation was 2167 1b (983 kg).

Performance: Impact conditions were 30.7 mph (49.5 kmph) and
a -0.3 deg angle. As shown in the sequential photographs of Figure 5
the vehicle impacted the buffer end section, displaced it, and then
contacted the first post/protruding end of the rail sectiecn. Substantial
vehicle front end crush was observed before the first post fractured and
a plastic hinge formed in the rail at Post 2 allowing the vehicle to
bend it rearward. As the vehicle accomplished this yielding of the
barrier it yawed in a counterclockwise direction and came to a stop
with the vehicle c¢.g. approximately over the stub of the first post
and oriented 96.5 deg to the straight section of the barrier. Maximum
50 millisecond average vehicle accelerations measured were 2.2 g (film
analysis) and 1.5 g (accelerometer) in the lateral direction, and -9.0 g
(film analysis) and -9.6 g (accelerometer) in the longitudinal direction.
A summary of test results is shown in Figure 6, and Table A.l1 contains

results of high-speed film analysis.



Approximately 130 milliseconds into the event a momentary power
loss was experienced at the SwRI instrumentation trailer and only data
gathered to that point was recorded. Since peak vehicle accelerations’
cccurred during that period (as verified by film analysis) that data
is meaningful and is shown in Figure A.2. As there is a time interval
after impact in which the dummies move relative to the wvehicle, the
dummy transducers had only begun to transmit data signals when the power
failure occurred. Therefore, dummy data is meaningless and not reported.

Barrier Damage: As shown in Figure A.3 only the first section

of the barrier was damaged. Post 1, the buffer end section, and one
rail section required replacement prior to the next test,

Vehicle Damage: Vehicle damage, as shown in Figure A.4, was

substantial. Maximum vehicle crush was 20 in. (508 mm). The left

front wheel and suspension system was driven rearward until it contacted
the wheel well. All engine mounts were broken and the engine forced
back into the firewall. The entire front portion of the unibody was
deformed, and the left door was bowed outward as a result of high

compression forces in that area.

AL
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{Accveleration, g's)

A.6

Data [iltdqred using SAE J211
filtens
0 Vehicle Longitudinal
I*’Power loss
_5 V 2 w
_lo A)
}V
-15 '
-20
Vehicle Latfleral
+5
loss
O —_—
-5
{ | |
0 0.1 0.2
(Time, scconds)
FIGURE A.2 ACCELEROMETER DATA, TEST WBCT-1
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TABLE A.1

TEST WBCT-1 FILM ANALYSIS RESULTS

SUPPARY UF VENJCLL KINEMATEC AND CYMAMIC Cafla #0UD POST BCT TLST WECT-1 1/11/80
VIFICLE C. G. HEALING VEHICLE VELOCITY VERICLE ACCELERATIONC(G™S) APPRIOX. BARF(ER
TIME AFTLR COGUFLINATESUFT) ANGLE {FY/S5EC) AT TIre 1 AVERAGL AVIR .05 SEC, __ FORCES(LE)
I[FPACTLSECH X ¥ {LECY LCNG LAT LUNG . LAT LONG . LAT R . Y
c.co0 -7.47 1.71 -.21 45.0¢ -1.34 -l.62 -1.2¢ .00 o L0eCe L . 3=27 . ... 2564 .
.CIC -7.C2 J.69 -4 40 44,27 -1.5%4 -3.26 L] .00 . 0.C0 _ 7113 C133e
et -¢.58 3.67 -8 42.97 -1.56 -4.82 -.CH C.00 .. 0.C0 . _1Ck49 72
.cic .16 3. 65 —a 54 41.19 — k.45 ~6. 18 . 4E -5.32 . 14 _. 13351 -11le
.CH0 L 1.63 ~.%8 1Y.01 -1e23 -7.32 .52 o=k.9] €2 19842 . =215C.
.C5C -%.38 J.6? —e45 Jt.5C -.95 -8.20 1.32 S =753 . l.C4& . 17749 .-3601
R0 -5.C3 1.01 -1 13.75 -.65 -fa.81 1.65 . -8.27 l.41 . 19CE9 -lo27
.CiC -4, 71 1.60 .29 30.85% ~.33 ~9.16 1.5¢C -0.79 . lell._. . _M9F€7 .. . _ =402% _.
.CRO —4 4 3.60 .53 27.48 -.01 -9,25 2.C% -8.98 1.59% 2C112 -4158
L6450 4,15 3.6l 176 24.92 .30 -9.10 7.2¢C -B.Q7 . 2e12 L OLGEES =612
. 10C -1.492 161 2.P0 22.05 .49 -8.7y . 2.2% L =8lt4 . 2e2% .. VS5182_ _ . -13938 .
LHIC -3.71 1.65 A.CH 19.3¢ Ny -8.22 2.22 -8.32 2.26 . leigo -35%2
.10 -1.51 .67 Sa4b 16.8C ial2 =157 | . Z.13 Coo=latt L 24482 . __MEIE2 =106
.113¢ -1.14 3. 70 .07 14.52 1.35 -6.81 1.57 . =1.07 Lo 2elb o 1Stel _ -2421
140 -1,7¢ .73 HeE) 12.9G 1.93 -5.98 Lo74 . =®.3L . 1.93 . 132%L _ . =1740
L 15¢C -3.14 3.7 1C.74 10.77? 1.66 -5.13 1.45 -%.50 o Ll.es 11512 .o=1022
L 1EC -1.04 3.HO 12.78 9.31 1.72 -46,29 1.11 -4,68 1.28 . s¢co ~29%
.17C -2.5¢ .84 14.652 Bo12 L.t69 -3.48 .12 -3.87 . . L.C2 ___1¢Sb 4ChH
- 186 -¢.8Y 3. 44 17.14 7.19 1.5 -2.73 L33 0 _-3.11 . _.«€3_ _ 5855 1065 .
Lhuc ~2.B3 .01 16.42 Y 1.34 -2.0% -.C9 -2.42 . w22 .. .. 8120 . . lesl
.Z200 -2.178 149 21.174 95.91 «99 ~1.45 et ~1.80 Co=ad0 . 258y ZL7TE
ey -2.73 .98 24.C8 S.k2 53 . —.95 -.88 -1.27 : - 60 _ o Ac9s . 2eC4
.22C =2.t8 4.00 2€.41 5.39 -.04 - .54 -1.24 -.82 . =.87 . -1y : 2929 . .
L2120 -2.01 4,00 28.74 5.24 -.70 -.22 —l.%54 Y =130 0 -1175. IL5C . .
L2400 -2.58 4.04 I1.C) 5.18 ~1.4% .0l -ll.a? -.19 -leSE. - 2CC2 Jzes
.é5C -2.513 4,09 13.:9 5.14 —¢.45 .18 -1.6G2 B =01 L=latk_ =2¢20 . 3276 .
L200 —2. 47 4,06 35.49 5.11 -3,08 29 -2.C1 15 -1.89 -13C15 3189
L21 —2.41 LT 37.¢64 5.08 -1.92 . 1 Lo=2.02 . $24 . —l.4%  ___ . =32%8 L. o
240 -2.34 4,06 36,13 5,04 ~4.75 .6 ~1.65 .28 ~1.92 . =33C3 | 271%4
.29¢0 -2.21 4.05 41.76 491 -5.51 i <35 .. -la.E2 . w29 =M.E3 __ . -I1E9 . 2478
J1cd -7.19 4.04 43,72 4.88 —t.Z6 . « 33 =12 o .28 =le€7_ =297 208
.J1¢ -2.11 4.0 45,63 4.7¢ -€.90 .29 -1.137 .26 o~ l.h& =2%00 1622 .
L32¢ -2.C1 4,07 G7.41 4.62 =7.49 26 ~1.C¢ . 24 =1.2Q0 _ . ___ =2114 1171
.13¢ -1.94 4,00 “Y.26 4ohe -7.89 .23 -.17 .2 C=a91 . =1%91 . C7
T -1.89 3.98 51.C1 4.28 -8.22 .21 EELEL ) . .20 -.t0 . -1C29 L. 248
.39¢C -1.7¢ 3.6 52.71 “.1C -8.41 .20 -.11 .19 . -.28 . . =450 =203 .
3G -1.67 3.94 54,37 3.92 -t.53 .20 .21 .19 S04 124 —624
.c -1.57 .91 S6.C0 3.7% -8.52 .21 .5 .20 . L 670 . -1007
. 186 -1.48 3.91 57.¢0 3.58 ~B.41 .22 W76 .22 62 U D &2 DU & TP
L190 —1.26 3.90 59.14 1.413 ~f.21 2 h 1.02 .29 .. .87 .. lEl6 =162
400 ~1.131 1.89 60.174 3.30 —-7.494 .29 1.21 .28 1.¢7 1586 - 1840
L4l6 -1.2¢ 3.88 ¢2.79 1.15 -1.02 .13 1.7¢ .32 1.24 2218 -1964
L h2C ~1b.l4 I.A7 K] .10 -1.2y .6 1.45 .15 1.35 . 2s8u -z0t2
43¢ -1.07 37 65,39 3,02 —€ .85 .18 1.4 .38 1a42 . 256Y =21Ca
R -.54 LY [N 2.98 -t.h5 <40 1.4 .4C l.44 €22 -20¢¢
LTS -.92 3.87 ab, 27 2.9¢% -¢.06 L40 1.6 4l la42 25tk -19¢0
L 46C - be J.HA 69 EG 2.0 -5.09 40 .24 51 1.25 2415 -18C¢
“4ac - e 1. BY 11.223 So2.01 -& .45 .37 1.22 .19 ladd 2217 -leLe
LaLy ~ 74 3,490 7.1 285 -5 .09 <33 1.Ct .36 1.1} . MGBH =13¢&9,

«400 ~ etk .01 tu.gd 2.RE -4 .81 «ZR JEG <31 Y6 ~ . hESY4 - l1CE
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Reproduced from
Lbesl available copy.

TABLE A.1 (Cont'ad)

500 ERY ] 1.93 559 Z2.81 ~4 .2 021 .71 .25 =11 i 1274 -427
-51C -.%8 J.un Ph.55 2.8 —4 .49 ) i .5 P Y - | A L Tk R
.92C -.51 1.96 4.6 2.71 ~4.41 0% Pl .10 .45 k| -2€5
-%3C - .t 3.8 79.52 2.6l -4.J8 -.01 - ¢G -0e¢ . . .29 434 ) =4
AETH =41 4,00 A. 14 2.49 ~4,39 -. 12 .CE -.0b - 15 1% 230
.55 -,35 4.01 Al.89 2.15 444 -a 19 -.C4 —alt Y =37 .. _ 428
.96C -.J4 h.03 H7.9Y 2.2C -4.41 -.2h -.17 -7 -.CH _—1R4 5E3
LI .29 4.0% 84.C7 2.02 —4.54 ~.30 - 1€ . e 20 .l _ . =279 69¢
=8y -.ln 4,00 Hu.5@ 1.84 —4.68 -.32 -.1¢t -.30 -.13 -250 744
TS -2t 4,08 “9.EH lobt 4,15 EPRT] -.11 -. 31 -e bl =233 74y
«6CC -.15 4.0 Bh.12 Lo%9 -4.81 -.37 o =aC7 -a31 -eC? - 1CT7T 664
.f10 -.1¢C 4.10 817.%0 1.32 —4.64 -.28 .L2 . —.2B .60 . 595
b 2U -.LY 411 BB.cd L.lt -4,5) -.71 <14 -.21 [ L 116 455
410 -.0e 4,12 HALEH 1.07 -4.17 - l4 .27 .16 «22 s8¢ . . 2u&
T .Gy w.l3 A%.50 95 -4 .0 R L . 4C -. U8 L [ ] <3
TS LY 414 490.(H «94 ~4.514 .09 k] , .00 T L1545 -1G4
NS o la a1y Y0. €2 93 —4.35 . l% ] 209 5 i 140H -24%1
76 .18 4,16 1.11 9% 4.4 .27 . <74 .17 617 . __leCo -651
JBAC .22 Q.17 9]1.¢3 1.00 ~2.90 29 .19 .23 Lo_edd . _k1x% . =5L%
- H90 oéb 4.14d 92.11 1.07 -31.6% .32 . FQ - 2H e db 11eh —-n28
- — - L= - . P . -
vy .29 4. 19 92.%8 1.14% -J3.41 B ¥4 . TE A af4 1L 87 ~h19
J71C -2 4021 Y3.C4 la21 -2.18 .78 .t .26 C et? o 1ese -519
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TEST WBCT-2

Purpose: Objective of this test was to evaluate the wood post
breakaway cable terminal end treatment when impacted by a minicompact
autemobile at 60 mph (96.6 kwph) and a 0O-deg angle. The target impact
point on the vehicle was 15 in. (381 mm) to the left of vehicle
centerline.

Test Installation: The installation was the same as that used

for Test WBCT-1; all damage sustained during that test was repaired.

Test Vehicle: The test vehicle was a 1975 Honda Civic sedan.

Two 50th percentile anthropomorphic dummies were placed in the driver
and right front passenger seating positions; the driver dummy was
restrained by a lap/shoulder belt while the passenger dummy was
unrestrained. Total weight of the vehicle, dummies, and instrumenta-
tion was 2178 1b (983 kg).

Performance: Impact conditions were 59.0 mph (95.0 kmph) and a
-0.3 deg angle. As shown in the sequential photographs of Figure 7
the vehicle impacted the buffer end section, displaced it rearward,
and then contacted the first post/end of the first rail section.
Considerable vehicle front end crush was observed before the first
post fractured and a plastic hinge formed in the rail at the post
allowing the vehicle to bend it rearward. As the vehicle penetrated
past Post 1 it started a counterclockwise rotatien and the right side
of the vehicle {near the forward edge of the door) impacted the barrier
at Post 2 fracturing that post also and continued bending the rail as
a hinge formed at Post 3. The vehicle continued ifs rotation and the
rear section of the wvehicle impacted Post 3, fracturing it and bending
the rail section as a hinge formed at Post 4. At this point the vehicle
was oriented approximately normal to the barrier and began a rolling
motion toward the downstream end. This continued until the wvehicle
rolled onto its right side and slid to a stop approximately 10 ft (3.0 m)
behind Post 4. Maximum 50 millisecond average accelerations measured
were 3.7 g (film analysis) and 7.9 g (accelerometer) in the lateral
direction and -13.1 g (film analysis) and -15.0 g (accelerometer) in
the longitudinal direction. A summary of test results is shown in

Figure 8 and results of high speed film analysis are contained in



Table A.2. Results of analog to digital conversion of vehicle and
dummy transducer data are shown in Table A.3 and plotted in Figures A.5
through A.11.

Barrier Damage: As shown in Figure A.12 Posts 1 through 3, rail
sections between Posts 1 and 5, and the buffer end section required
replacement prior to further testing. In addition, all remaining
posts were deflected in the soil and required realigning and retamping.

Vehicle Damage: As shown in Figure A,13 vehicle damage was very

extensive, Sheet metal crush and deformation were sustained by the
entire front portion of the unibedy forward cof the firewall, at the
leading edge of the right door, and the right rear fender just forward
of the rear bumper. Again, as in Test WBCT-1, the engine was broken
loose from its mounts and was driven rearward into the firewall. The
windshield was dislodged and thrown forward upon impact of the passenger
dummy's head. In addition, the right hand portion of the rear axle

was forced rearward misaligning it.

Dummy Injury: Instrumentation in the lap/shoulder belt-restrained
driver dummy indicated an HIC of 1062.2 and maximum chest resultant
acceleration of 51.0 g's. The driver dummy contacted the steering wheel
and bent both the upper and lower rims. 1In addition, the center shaft
of the wheel punctured the skin of the right side of the dummy's upper
chest.

The head of the unrestrained passenger dummy impacted the wind-
shield knocking it out of the vehicle; small pices of glass were emhedded
in the dummy's forehead. An HIC of 655.8 was calculated for that dummy.
An electronic malfunction during impact of the passenger dummy X-axis
accelerometer caused data to be lost for that channel and a chest
resultant acceleration of only the Y and Z axes could be calculated -

32.0 g's.

A12
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TEST WBCT-2 TRANSDUCER DATA
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-17.4 15.6 23,4 -1.13 =1.1 -2.7 .2 . 73,5 -1.2 =3.6 5.7 - 279,
-P0.1 4.2 PR -.? -.F ~6,0 6.1 7. =11.7 -1.5 -5.9 13.7 5. -19,
-11.6 5.8 17.9 -.0 2,1 =-17,9 18,1 9. -26,3 -2.9 -10,3 2.6 24, 731,
-k 7.8 11.T =19,8 =13R.& =19.0 141.3 665, =45.3 5.6 .9 45,7 119. 113,
-17.46 8.3 19,3 -57,4 7.2 -31.7 A6, 1 1251, -44,8 10.9 5.6 4“6, 5 269, -10.
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2.2 10.5 10.7 7.1 .7 1.3 7.3 1767, 4.7 3.4 -1.9 S.A 339, -15.
3.5 Al A.A 12.7 8.7 -3.5 164,72 17171, 3.3 6.3 ] 7.1 350, -28,
.6 Y] A.R 4.9 2.9 -2.8 6.4 LTTP, 4,0 2.1 ~%,0 6.0 351, -3,
1.5 A4 Q,1 3.1 3.0 -6 R Ho? 1777, HoY 13.7 -7.A 17.9 57, 19.
.7 =1 .7 Tof 7.0 -8.,7 14.2 1780, 1.3 5.6 -6 B.5 343, 37,

I NAD=LRE
RIGHT
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TABLE A.3 (Cont'd)

MAXTMA—=TIMF ] [P——— SEC Y/Rmmomm ——SFC S SEC - S SEC DN — G
VFHICLF ~21.4 067 19.5 NLE 28.1 2053
HEAD ~59,7 .09l -13A.n .01 -50.7 092 164241 2079 1780, 1 WASH
CHFST -4R T LORT 17.7 .06 12.A~ .394 S1.0 .0R7 1613, 1 L4590
FFMUR 1767.9 .N77 %a.4 .191

CUMULATIVE PFRINN FOR KOG LEVFL 1S .0 MSEC

HIC IS 1062.7 DURING 075 TN ,101 SeC
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TABLE A.3 (Cont'd)

THSY —- WRA(T-7 VEHICLE TYPE —= MINI-AUTO VEHICLE WT. =-- 217R LRS
TFST DATE -- 04/03/19A0 IMPACT VELOCITY =- 60,0 MPH IMPACT ANGLE -- 0,0 DEGRFES
TYPE DUMMY -~ ST2-50% MALF DUMMY LOCATION —— PASSENGER TYPE RESTRAINT == NONE
T T T P ACCFLERATIONS=GIS mmmem e e e e e e )
——= NFHICLF -~- = ——mmmem o HFAN - o e mmmmm e —mem CHF ST ====mmcmm—e FEMUP LNAD-LRS
T1ME X Y R X Y 4 r ST x Y z R* S1 LEFT RIGHT
.000 .0 «0 20 -0 —.0 =.0 -0 . .0 » 0 -0 .0 - - -
010 .0 o .0 . P .1 1.0 2.3 - .0 -3 -l «3 - -4 . 7.
020 il .0 .0 .? -8 Y.h 27 . .0 2 —-.0 .2 . -7 =-12.
<030 .0 .0 .0 1.A -9 1.9 3.1 - .0 L -6 8 - 10. -a,
L040 .0 -0 .0 1.4 —+h 2.5 3.7 - .0 -.9 -.0 -9 - - -4
.0R0 .0 .0 .0 .5 -.b 2.5 2.7 1. .0 -2.7 .3 2.7 . -17. -13.
0RO .0 -0 .0 7.6 -5 3.7 47 1. .0 1.0 .9 1.4 . -?1. a9l.
LA70 .0 NG N 1.9 1.1 -1.? [ 1. ] -7 -3.4 3.5 . 134, 150.
.0R0 .0 .0 .0 -1.1 1.mR .2 s.7 1. .0 - 5.0 5.1 1. 63, 124.
.09¢ 0 « 0 L0 -11,1 1.3 -9.,0 4.6 b4 0 =-5.5 1.R S.R la =?T. 631,
100 «0 .0 .0 =24.,9 3.k 3.k 5.7 as, .0 -1.8 =12.4 12.5 a. 97R, 1395.
110 -0 .0 -0 -a45_.0 10.1 -39,9 61.1 7?1. .0 -2al -6,3 8,9 26, 521, SH3.
120 - 0 -0 a0 -f.7 L] 26.0 2T.0 A07. .0 =1B.5 -5.7 19.4 41, 324, 4
=130 .0 .0 .0 12.5 ~10,R 70.3 T2.2 Al]. .0 -9.5 ~a A 9.6 a0, -A9, =15,
J140 .0 .0 .0 10,4 -9.7 Z0.R ’5.3 7913, .0 1.3 10.0 10.1 51, =16FK. -14q.
2150 N .0 L0 -77.,3 —h.? =75.1 34,1 Al2, .0 -5.4 6eb .3 55. ~AR, P22,
<1A0 .0 «0 <0 -7.5 -3.4 =32.5 A.A R9R, .0 3.1 -1.4 3.4 55, 9. Tl.
170 .0 .0 .0 -¢.9 =3.0 7.7 10,R 210, N] .8 4.6 4.7 Sé. 11A, 17.
.180 .0 -0 .0 -R.4 l.r -2.9 Q.n 914, .0 7 -2.0 2.1 c6. 01, fR.
. 190 .0 -0 -0 =11.2 1.0 3.6 172.4 970. .0 - -4.5 4.5 S5h. a7, 2720,
200 0 .0 .0 -7.3 A -1.°? 7.6 923, .0 1.7 -.8 1.5 5T. 4R2, f10.
210 .0 -0 .0 -4.9 1.5 ~-7.1 Sefo 924, .0 « 0 -.0 3 57. -Al. -5.
.720 -0 a0 -0 -5.64 J.f -l.R Ta.0 925. .0 =17.3 1.8 1T.4 S9. -61. =50.
.230 o0 -0 -0 5.3 1.R =1.0 G.A GPh. .0 -R.9 4.7 10.1 hb. -92. -27.
240 0 -0 «0 -4 ,.R «5 .7 9.1 GPT. .0 =3.:6 1.0 3.7 66. =55, A,
.250 .0 .0 .0 -k ok -1.9 Pab 927, .0 -1.2 -l.4 1.9 6, -30. S,
W260 .0 W0 .0 ~1.1 -1,1 -1,4 2.1 9T, .0 .4 -.5 .7 6h, ~la, 23.
. 270 .0 . -0 -4,0 -1.2 -.1 4.3 927. .0 1.2 -9 1.5 66 -1R. 31.
+7 R0 .0 -0 -0 -7a.4 -3.1 -.3 4.0 QPA. .0 1.6 -5 1.6 66, l. T1-
290 .0 .0 .0 -2.9 =-1.6 -1.% 4.9 oA, .0 o6 .0 .6 LY. 1R, 90.
300 N .0 .0 -4.9 -1,5 -.6 6.1 ap9, .0 -1.1 -?.3 7.6 66, -30, 59,
310 .0 -0 .0 -4.7 ~3.F -.6 6.0 9130. .0 =1.3 -1.5 7.0 L1 -A. 47,
« 320 .0 .0 .0 ~3.N -4 .1 =l.0 5.3 931, .0 ~-1.2 -1.0 l.F 66, -14, 3].
«330 0 Y .0 -3.0 -4.0 T 5.1 9372, .0 -1.0 -.0 1.0 6F. -5 A,
L340 .0 -0 .0 =2.1 =7.6 3.3 4.R 937, .0 -.3 1.4 1.4 LY. -15. 1.
L350 . 0 -0 .0 -1.A -l.4 .6 2.5 <9I, .0 -3.3 1.2 3.5 a6, -32. G
360 il .0 .0 =20 -1.7 2.9 1.9 932, .0 -1.9 1.5 et 67, =35, 2l.
370 .0 -0 .0 2.0 ~-1,1 3.1 4,5 911, .0 -2 6 «R 6T, -?2. 25.
. 3H0 .0 .0 .0 7.9 -.q .5 3.7 974, L0 X -.1 ol 67. -?5. 22.
.90 .0 .0 .0 2.7 -1.23 -0 1.1 Q4. .0 1.2 -1.1 1.7 hT. -21. 37.
400 .0 .0 ‘.0 77 =7.0 1.7 1.9 946k, .0 -.9 -2.13 7.9 70. 156, 109.
610 . 0 .0 .0 3.7 -5.9 -3.3 T.6 vep, .0 -3.5 -5.1 €.4 70, . 161,
420 o0 .0 .0 .7 =100 -A.1 14,7 956, .0 ~6.9 =-7.7 10.0 T3, ASe., 154,
410 .0 .0 .0 -1 =10.6 -6.1 17.4 9, .0 -A.9 -6.2 10.9 75. 47, 37.
Jaal .0 .0 .0 b P —-7.R -5.1 10.3 QRA, .0 -13.0 -2.5 13,2 A1, ~-157. P27
<450 .0 .0 L0 —6.n -7.¢ -g.? 12.17 370, .0 -7.9 -.9 8.0 A, -19. -43.

Eesultant of ¥ and 7z accelerations onl Y.
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TABLE A.3 (Cont'd)

MAXTMA==T [ MF XL mmmemmn <FC P4 LT — SF¢ 7=
VEHICLF .0 L4650 .0 LE50
HF AD -52.3 L1004 -13,3 Lal4 71.7
CHEST ) 45D -23.7 .115 -31.6
FEMUR 1117.7 L1013 1577.1 L00A

CUMULATIVFE PFRION FOR A0G LEVEL IS

HIC IS AS5.R DURING 08T TO ,16]

“¥Resultant of ¥ and 7 accelerarions only.

<0 MSEC

SEC

129
.108

Ro—mmemm SEC
.0 .450

T3.1 .129

3z2.0% .108

Q70,5
83,3

.a50
2050



TEST WBCT-3

Purpose: Objective of this test was to evaluate the wood post
breakaway cable terminal end treatment when impacted by a minicompact
automobile at 60 mph (96.6 kmph) and a 15-deg angle. The target impact
point was the centerline of Post 1.

Test Installation: The installation was the same as that used

for Tests WBCTI-1 and -2; all damage sustained in Test WBCT-Z was
repaired.

Test Vehicle: The test vehicle was a 1975 Honda Civic sedan.

Two 50th percentile anthropomorphic dummies were placed in the driver
and right front passenger seating positions; the driver dummy was
restrained bv a lap/shoulder helt while the passenger dummy was un-
restrained. Total weight ¢of the vehicle, dummies, and instrumentation
was 2178 1b (988 kg).

Performance: Impact conditions were 39.3 mph (95.4 kmph) and a
14.5-deg angle. As shown in the sequential photographs of Figure 9
the vehicle impacted the W-beam rail at Post 1 and almost immediately
began a counterclockwise rotation as the vechicle front end sustained
considerable crushing before Post 1 fractured and a plastic hinge
formed in the rail at Post 2. As the vehicle deflected the end section
of the barrier rearward it not only continued its yaw rotation, but
also began a rolling motion toward the barrier. The vehicle then
impacted Post 2 (with the right side A-pillar approximately in line
with the post), fractured it and continued its penetration of the barrier
as a plastic hinge formed in the rail at Post 3. Although the vehicle
was achieving breakaway and penetration of the barrier it was continuing
te roll and finally resulted in a complete 360-deg rollover before
coming to a stop appreoximately 21 ft (6.4 m) behind Post 8. Maximum
50-millisecond average accelerations measured were 6.6 g (film analysis)
and 7.6 g (accelerometers) in the lateral direction and -14.6 g (film
analysis) and -13.8 g (accelerometers) in the longitudinal direction.
A summary of test results is shown in Figure 10 and results of high-
speed film analysis are contained in Table A.4. Results of analog to
digital conversion of vehicle and dummy transducer d;ta are shown in

Table A.5 and plotted in Figures A.14 thru A.20.

A.27



Barrier Damage; As shown in Figure A.21 Posts 1 and 2, the

rail section between Posts 1 and 3, and the buffer end section required
replacement prior to further testing. 1In addition, Post 3 was deflected
0.75 in. {19 mm) rearward and 0.50 in. (13 mm) toward the downstream

end {both measurements at grade).

Vehicle Damage: As might be expected in a rcllover vehicle

damage was very extensive. Approximately 24 in. (610 mm) cof vehicle
crush was sustained in the area around the left bumper support during
the initial impact before Post 1 fractured. Although almost all body
sheet metal was deformed during the test, the front fenders, hood, and
right rear corner received the most severe damage. In addition, the
suspension on the right side (both front and rear) was heavily damaged,
and the engine was torn loose from its mounts. Again, as in Test WBCT-2Z,
the head of the passenger dummy impacted the windshield and dislodged it.

Dummy Injury: Transducers in the lap/shoulder belt-restrained

driver dummy indicated an HIC of 675.4 and a maximum chest resultant
acceleration of 61.1 g's. During the course of the rollover the driver
dummy contacted the steering wheel and bent both the upper and lower
rims.

As discussed previously the head of the unrestrained passenger
dummy impacted the windshield and small pieces of glass were embedded
in the dummy's forehead. Although an HIC value of only 113.4 and a
maximum chest resultant of only 37.9 g's were calculated, a review of
test films indicated the passenger dummy's head remained forward of the
windshield opening (in much the same position as the final position
shown in Figure A.22) throughout the rollover, exposing it to extreme
hazard. Alsc, it should be noted that power was lost to the electronic
instrumentation before the rollover and it is conjectured that a higher

HIC value would have been attained during the rollover sequence.
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TABLE A.5

TEST WBCT-3 TRANSDUCER DATA

JEST -— WRCT-3 VEHICLE TYPF == MIN[-AUTO VEH]CLE ¥T, —-- 2178 LAS
TFST DAYE ~- N4/17/19AR0 IHMPACT VELOCLITY -= 60.0 MPH IMPACT ANGLE == 15.0 DEGREES
TYPE DUMMY == ST2-50% MALF NUMMY LOCATJION -- DRIVER IYPE RESTHAINT -— (L+S) RELTS
]
[ e ——— ACCELFRATIONS=GS —mccmcme s cm e cmc e )
m~= YEHICIE ===  —ecomevrae—a- HEAN wammccmacecs cccecmee-e--a CHEST wre—emc—e——a FEMUR LDAD=LHS
X Y R X Y F4 R SI ] Y z R 51 LEFYT  RIGHT
-.0 .0 .1 .0 -0 My .0 . .0 o0 .0 .0 . . -
-4 .8 .2 4,0 -e? ~al -).A 1.9 . -1.0 -9 -2 1.4 - 3. 1.
~2.5 -.3 2.5 -k 9 | =-.3 S . -3 -2 o b . 10, -2
2.4 -1.2 2.7 -7 -.} -.9 1.2 . -1.2 =-.9 .0 1.8 . 6, -5,
=-11.7 -4,9 12.46 ~1.5 —.b -1.6 2. - -l.? «2 ~.7 1.4 - 57, 7.
-20.,6 V4.9 PR, 4 -4 ,A8 -.13 -3.8 6.1 . -ub -3.7 -.6 3.A8 N 163, 166,
~21.4 1.0 21.4 -1R.9 2.8 -T.4 21.4 5. =10.5 o7 =1.0 10.7 A, 1365, 395,
-}3.0 11.1 17.0 -B.R -.5 -9 9.1 1to. -27.8 -3.0 b 27.9 45, 470, -163.
~1.3 11.7 11,8 =8A.0 2.4 =26,0 63.7 TAR, -34,2 -4,5 24,6 42,5 127, -5. =109.
7.1 -.7 2.1 -11,4 =6.1 -R.0 15.3 AR5, -—-43.4 4.2 b 43.8 3y, =-19%, -~173,
-1.0 ~l.6 . 1.R -6.9 1.8 18,3 19.A a94, =j7.6 2.6 1.7 11.9 358, =114, -N12.
1.9 -1.8 Peb N 1.9 ~tal L% qns, ~6,13 -u7 -, 6.3 361. ~-760. =710,
-1.4 =3.0 3.3 3.6 . T -3.6 5.7 904, 6 .3 -.f 1.6 3672, =113, -38,
=17 -l.8 2.5 -3.9 1.4 —e? 4.7 Qo¢ . 1.3 ~e2 2.1 2.6 362. -40. 1R,
-1.4 1.1 1.8 -6.3 1.4 7.6 1.0 957. 2.9 -1.8 1.0 3.6 362, -28. -19.
~1.8 «R lab -3.9 2.5 -5 4 h 9na, 2.7 ~.3 o7 2.8 362, J. -,
-.5 1.5 1.6 -6.5 fal 1.2 6.7 909, 4,4 -.13 -0 4,86 363, ~16, -22,
-7 N 1.1 =-5.6 1.2 2.1 6.2 9. Sk =-1.6 b S.6h 364, 3. A,
-.7 2.0 2.1 A -.3 -al .R 91y, 2.5 =].4 3,0 4,9 364, 12. -T.
-1.1 1.0 2.} -—ab —-2.7 -1 2.9 9)1. 2.0 -3.2 - 3 3.9 365, 22. -12.
-4 2.4 2.4 2.) -4.9 =1.4 6.k 912, P | -4 1.3 1.4 365. 35, -3,
1.1 3.3 1.5 5.9 -0,6 —e7 10,5 914, -.1 —2.4 -.2 2.5 345, Zl. =-12.
.8 1.0 1.1 3.9 -ba4 -3.3 .3 217, 1.3 =-2.2 - 2.6 365, 28, 13.
-.6 .1 .9 -1 -4 ,h ~-.9 4,1 918. 1.8 -4 -1.8 2.6 368, -7, ~13,
2 -l .2 -3 -2.7 -2.1 3.4 914, 1.9 -2.2 -l.na 3.4 365, =10. -A.
N] o1 A -6 ~Z2.0 -2.6 J.b 91R, 2.2 b =2.1 3.1 3465, -14. -12.
-l 4 ot -4 -l.0 -6 1.7 918, 1.3 -3 -1.3 1.9 a5, 2, -15.
«9 2 9 al -.3 -1.4 1.4 Qin. b -l.4 -1.7 2.3 Ih6. -2. =11,
.5 .3 oh 1 -0 -1.7 1.9 Q1R .? Y 1,2 1.3 366, 14, ~1.
-0 -.9 .9 -.1 =-.1 -1.9 1.9 Q1q, o - -1.6 1.8 A6k, -5, -14.
[y +0 1.4 5 -1 -1.? 1.5 919, .0 8 -.7 1.1 366. 22. 9.
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TABLE A.5 (Cont'd)

JESY -- WRCI-3 VFHICLE TYPE —= MINT=AUTID VEHICLE WI. == 2178 LAS

TEST DATFE —-= Pa/1T/19A0 IMPACT VELOCTTY —- A0.0 MPH JMPACT ANGLE -- 15.0 DEGRFFS

TYPF DIUMMY —~ B72-50% MALF DUMMY LOCATIOM -— PASSENGER TYPE HESTRAINY —-= NONE

T T ACCFLFRATINNS=(G1§ —c-semmmmmmc e mmcc e e o )
——= VEHICLF ——= =  ——mmmceme—— L Y e e e B CHEST —-mcemmm e FFMUR LOAD-L NS
X ¥ (4] X Y z R St 3 Y I+ H ST LEFT  RIGHT
-0 .0 .0 =-.0 -.0 -0 .0 . -.0 -0 .0 .0 . -. -
.0 .n .0 . h ].5 -7 l'n - ;q =-al 12 06 . '41 l‘-
] .0 .0 .7 -k -.0 1.1} . ) o7 .3 -A . S, 22.
.0 .0 .0 -7 .? -1.5 1.5 . -.3 -6 e .8 - -1}. 3.
.0 0 ] 1.4 ] -el 1.7 . .? -8 9 1.2 . 25. 137.
.0 .0 o0 .h <R =-3.7 1,9 . .9 -.3 -4,.8 4.9 . 126. V71,
.0 .0 .0 1.7 1.0 -3 2.1 1. =-1.1 1.7 .5 2.1 - 5A. 477,
<0 .0 .0 4R 1.0 -2k 5.6 . 1. -7 2eb 1.9 3.2 - 72l. 140,
«0 N .0 5.3 a b 1.5 S5.h 2. -1,0 1.4 1,6 4,0 1. 160, tol.
N ,0 N =37,9 18.7 -79.7 s0,7 44, -3 1.7 1,5 3.9 2. 165, 166,
.0 0 0 =10.1 -2.1 ~4,3 1l.3 14). -5.7 =11.1 -4,1 13.1 T. L47, aat.
.0 .0 0 25,A 1.4 2.7 26,5 176. =-17.5 6.2 ~T.2 20.0 an, B21. =-17.
.0 .0 .0 2.9 1.7 1.% A3 1R?2, -16.9 2.3 -6.0 1R} 19, AR, 44,
.0 0 0 2.6 Pk 4.8 6.2 1%30. =16.4 -1.0 -4 ,6 17.2 TR, 4715, 7.
.0 0 o0 9,2 -3.8 10,1 14.5 17a, -9.9 o7 -2.2 jo,2 a9, 250. IR,
o0 .0 .0 -4.1 -3.1 -1.3 5.4 194, -9,0 2.0 =1.1 9.2 94 . 131, -l.
.0 ] .0 -6, 4 1.7 -9.5 1.7 200, -6.3 1.2 .3 6.5 95, 91, 12.
.0 «0 .0 -T.5 1.6 =15%.3 17.7 210, =1 2.5 -2.2 3.0 5. 104, 36.
.0 o0 .0 -4 R .2 =-13,3 [T | 227. 2.8 1.5 -2.,2 3.A 89S, 111. 34,
.0 .0 .0 -3 1.4 -7.0 T4 3. 4.1 1.2 =1.4 4.5 9. 125, a7,
.0 .0 .0 -3.5 1.7 -71.0 16.1 234, i.5 1.3 =-3.2 5.0 97. 108, 45.
.0 .0 N -6.5 3.4 -4.0 A.4 26, 4.5 2.1 —-2.4 S.6 97, 34, 20,
.0 +0 .0 ~3.1 1.9 -6.0 7.1 238. 2.6 2e4 -6 3.6 9A. 4. 9,
N ] 0 .0 1.4 -.? -6.5 6.7 239, -2 -1.8 -1.1 2.1 SA. 13, -15.
.0 .0 .0 .1 -.1 -5,8 5.R 240, W7 -.A -1.1 1.5 9R, 4, 4,
.0 .0 .0 b -.1 ~3.7 3.9 240, -9 =2.4 -.9 2.8 9A. A. -25.
o0 0 .0 -7 A LI =31 6l ral, -1.2 -4.6 ~s2 b0 9A, 62. [
0 «0 0 “2.9 3.2 <-6,0 Tad 2e2. -2.5 -4.7 ol 5.2 99, rdUS -26.
.0 .0 .0 .5 3.) -3.8 5.1 244, =2.3 -3.9 .1 4.5 1o00. 5%, 10,
.0 .0 .0 -.7 S -4.,5 4.5 244, P =21 =1 - | 100. 46, -1.
-0 .0 .0 -5 Y4 =3,5 3.R PaG, o4 -.5 ol 1.0 100, RO, 25
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TABLE A.5 (Cont'd)

MAXIMA—=T I ME | SFC Y/R—m e SFC Ir=mmr—- SEC [ SEC [ sFr,
VEHICLF .0 =300 0 300 .0 +300
HE AD =50,4 .092 18,0 «NaY) -29.9% +089 56,8 .09 244._6 300
CHESY -35,1 1724 -13.9 +10A -14,0 -N96 i7.9 124 99,9 L300
FFHUR A21,5 10 467.1 059 )

CUMULATYIVE PFRIOND FOR ADG LEVEL 1S fl HWSEC

HIC IS 113,64 DURING OHR TO ,09A SEC






TEST SBCT-1

Purpose: Objective of this test was to evaluate the steel
post breakaway cable terminal when impacted by a minicompact automobile
at 60.0 mph (96.6 kmph) and a 0-deg angle. The desired impact point on
the vehicle was 15 in. (381 mm) to the left of vehicle centerline.

Test Installation: The test installation as shown in Figure

A.23 consisted of a 37.5-ft (11.4-m) long standard length of G4 steel
post guardrail. The system was anchored at the downstream end by a
concrete deadman. Post spacing was 6.25 ft (1.9 m) except between
Posts 3 thru 6 where spacing was 4.17 ft (1.3 m). Posts 1 and 2 were
attached to foundation plates/concrete footings and the remaining
posts were embedded 44 in. (1.12 m) in the soil. Height of the steel
W~beam rail was 27 in. (0.6% m).

Test Vehicle: The test vehicle was a 1975 Honda Civic sedan.

Two 50th percentile anthropomorphic dummies were placed in the driver
and right front passenger seating positions. The driver dummy was
restrained by a lap/shoulder belt whereas the passenger dummy was
unrestrained. Total weight of the vehicle, dummies, and instrumentation
was 2180 1b (989 kg).

Performance: Impact conditions were €0.0 mph (96.6 kmph) and
a 0.5-deg angle. As shown in the sequential photographs of Figure 11
the vehicle impacted the buffer end, displaced it and then contacted
Post 1 causing it to slip at the baseplate (as designed). As the vehicle
continued downstream it began to yaw in a counterclockwise direction
‘and the right front corner impacted Post 2. Although Post 2 was the
same slipbase design as Post 1, it did not immediately release at the
baseplate, but instead leaned rearward before finally releasing and
allowing the vehicle to continue its longitudinal trajectory. 1In the
meantime a hinge formed in the rail section between Posts 2 and 3,
and the portion of the rail upstream of the hinge rotated around toward
the remaining section forming an almost knifelike section with the
hinge as its point. As the vehicle was continuing its vawing motion it
impacted this section, the point penetrated the front portion of the
right door and continued across the passenger compartment stopping at

the rear of the left door. This penetration together with the impact

A.43



of Post 3 by the rear of the vehicle caused it to reverse rotation and
it came to a stop 4 ft (1.2 m) behind the barrier in a position approxi-
mately parallel to the straight portion. Maximum 50 millisecond average
vehicle accelerations measured were 5.0 g (film analysis) and 4.5 g
(accelerometer) in the lateral direction and -11.2 g (film analysis)

and -15.2 g (accelerometer) in the longitudinal direction. A summary

of test results is shown in Figure 12, and Table A.6 contains results

of high-speed film analysis. Results of analog to digital conversion

of vehiéle and dummy transducer data are shown in Table A.7 and plotted
in Figures A.24 thru A.30.

Barrier Damage: As shown in Figure A.31 most of the barrier

damage occurred between Posts 1 and 4. Posts 1 and 2 were displaced
from their slip-base mounting and Post 3 was bent. The remaining
posts were displaced in their soil footings b;t were undamaged. The
buffer end secticn and two rail sections were damaged and required
replacement. The concrete footing at Post 2 was rotated slightly in
the soil and ome anchor bolt failed.

Vehicle Damage: Vehicle damage as shown in Figure A.32 was

severe. Maximum front end crush was 22 in. {559 mm). The entire front
section of the unibody was deformed and the engine was driven rearward
into the firewall. The top portion of the right door was torn by the
rail as it penetrated and the left door was bent outward before it
stopped penetration. Both front seat backs were displaced rearward

by the penetrating rail and the windshield was knocked out by the
unrestrained passenger dummy's head.

Dummy Injury: Transducers in the lap/shoulder belt-restrained

driver dummy indicated an HIC of 447.1 and a maximum chest resultant
acceleration of 45.9 g's. The penetrating rail section forced the driver
dummy forward and outboard resulting in the dummy's head shattering the
left deoor glass. Small pieces of glass were embedded in the dummy's
head. When the vehicle stopped the dummy was wedged between the penetra-
ting rail section and forward portion éf the left door.

As discussed previously the head of the unrestrained passenger
dummy impacted the windshield and small pieces of glass were embedded

in the dummy's forehead. An HIC value of 173.4 and maximum chest

AL 44



resultant of 41.4 g's were calculated for the passenger dummy. In
addition, a jagged edge of the door sheet metal tore a large hole in

the dummy's right side.

A.45
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FIGURE A.23 STEEL POST BREAKAWAY CABLE TERMINAL TEST TINSTALLATION
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TMPACT (SECH
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T.92 B 3,04
d.28 3,47
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10,22 349
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11.02  _ _ 3.79
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11.46 4.00
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12.12 4.40
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12.63 4,74
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12.89 4.8H
13.04 4,95
13.14 5.01
13.34 5.0R
13.50 S5.14
13.66 9.20

ANGLE
(DEG)

W47

TABLE A.0

TEST SBCT-1 FILM ANALYSIS RESULTS

HEADING

.29

.23
«37
.76
les2
7.36
3,56
5.00

B.40

10,66

12,60
14,8l

1709

19,41

L <la75

30,89

33,06
35.13

S za.09
Zbae)
28,68

37,17

45,00

Cb.65

SUMMARY OF VEHICLE KINEMATIC AND DYNAMIC DATA

_VEHICLE VELQCITY

39,19 7
3T
C 43,05

46,90

48.99

51.05
53.16

55,30

57.46
59,60
61.69
63.64
b9.92
07.16
60,55

by, 66
TU.ad4
To.py
To.90
Tu.172
To.13
.23
&M, 07
HEh, T
Bh, 1t

. (FY/SEC) o
LONG LAt
B8,02__ 4,10
H6.16 4,97

83,32 5.39
CT9.83 . 5.37
76,06 4.96
TR0 . .26
68,75 3,21
_ 65,52 L l.8%
62.%9 .28
59,592 ~1460
PR — A\
CY 20 . o &
54,96 -5.98_
52.47_  _ =B.29
49,90 -10,52
47,20 ~124.54%
44,60 -l4.27
42,00 _=15.63
©39.57 Tel6.60
AT.37 ___ -17,20
~ 35.49 -17.48"
33.94  =1T.52
32,73 -17.38
31,80 C=1T.1e T
31,89 =16.86
30,51  ~16,53°
29.98  -16.22
29,41 _ -15.90
28,72 =15,57
27.86 ~15.20
26,82 -1e.76
25,58 -14,23
24.18 -13.59
22.66 _  -12.86
"21.08 T =12.08
19.49 -11.19
17.97 -10,3%
16.55 -9.60
15.24 -4,98
14,17 ~B.54
T13.26 ~B.3s
12,53 ~b437
11.99 -8.63
11.62 9,09
11.63 9,60
11.40 -10.36
11.50 11,01
11.72 -11.96
12.02 -11.94
12.35 -12.09
12.66 ~12.00

STEEL POST BCT TESY SHCT-I

Lo AT TIME T _
. _LUNG_ LAY
_ =3.490 . 2.89
 =7.93 2499
C=10.17 __ 2.7}
=l1.646 2,19
-12.03 1,52
=llen2 . LT9
-10.73 £ 06
9,67 _ -.60
-B.66 “f.10
-T.Hb6 ~1la.%]
=7.32 ~1 49
-7.0] o =1.31
_=8.,86 _ =.89
-6.75 -2
6,57 W50
=6e25 1,33
-5.73  2.15
C=5.02  2.87
-4.15 3,45
-3.21 3.46
-2.26 T a.09
L T T
~eTl 7 a.lbw
__=e23 4,13
=00 4,06
Te02 4.03
-.27 6,07
o=d?0 a7
-1.26 T 4,36
~-1.86 4.56
4,79
T a.99
T 610
=~3.56 T 5.07
-3.59 - 4,86
=3.47 4.0t
-13.22 EPT
-2.686 3.os
—2.44 2.17
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b/S /R0

VEHICLE ACCELEKATION{G"S)
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0.00
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10,96

1.2
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10,11
=9.25
-B.45
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=7.35
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T
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Y
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-3893.

C -2A844,

-1821,
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2925,

2903,
2rird.
2559,
£288.
1984d.
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953.
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520
«530
<540
«550
560
«5T0
+SH0
- 590

600
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520
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N

+650
L1
670
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«T20
« 730
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+ TR
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18415
14,30
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l14.45
14.59

1s.72

18.85

l4.97
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15.21

15.32

15,43

15,55

15,66
C195.76

15.8¢
15.98
16.04
16.10

16.20
16.22
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16.25
16,20
16427
16.29
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16.37

ST U

0,46

29.17
27,94
26,H8

¢5.84
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23.60
2.7
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20.4%9
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2495
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.43
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Loilees

~11.0%

=10,37_"

=9.56
«8.73

~7.96

Tar.v
=6.78
T =B.4R
-6.21

BT T R

-6, 05

T -5,98
,'SlaJ
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=-5.05

-4,38

o =352
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-4 30
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3476

4,01
4,16

7-059:
-+ 37
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~1.71

=2.08
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=l.ss
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=1,00_ —

‘093
=1.02

TTal,05

Lomled) |
T ol.Te

-2.26
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=3,.42

o =3.29
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=94
«10
e %5

21

=1.13

I 1S O
_ .hell

-y
.71

1e3a
136

Y1)
47
04

=35

Y

=29
.27
85

1.53_

1el)

1,19

-
_ =l

o RelT

24,69

3.02

L3R

2.97
2.58
2,03
139

L
03
213 _

1S
.35

Y

. =L,75
oo =1.93
=1.99

‘l =43 _“—

71

~1.13

=1.93
-1.,78
=1.58

T =136
,“1‘7
_=1l.086

=1.11
=1l.28

=1,60

-2.02
=2.47
-2.8b6
3,10

=3,09

=Z2.78

T =2.20

=1.s1
—.bs
.20

FL-L

b5

T

Cm hE

636', ..V

=19 _ .. 907,
234 2a07.
WIT 3648,

1405 4498,

1a.le __ . _48eT,

1.10 _ . ap2t1,
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.59 3530,

_ #23 ____ 2582,
C=ed]  _____lGl2a
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. 2626,
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-142].

=-2073.
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TEST BBCT-1

Purpose: Purpose of this test was to determine the end-on
resistance of the flared W-~beam rail which is part of the BCT system.
To accomplish this a bogie vehicle impacted the buffer end of the system
at 60 wph and a 0-deg angle.

Test Installation: Total length of the test installation was

100 ft (30 m) with a 37.5-ft (11.4-m) flared BCT system at the upstream
end. This transitioned into a standard G4S8 {steel post) guardrail system
which was anchored at the downstream end by a concrete deadman. As
shown in Figure A.33 the first post was eliminated and the second post
was b6x8 timber in a concrete footing; thergafter, all pests and block-
outs were soil-mounted W6xB.5 steel. The W-beam rail was shop-bent
to conform to the recommended parabolic configuration without being
attached to the posts. It was then attached to‘the steel posts with
No. 10 machine screws which would offer only minimum fracture resistance.
Test Vehicle: The test vehicle was a bogie which was based
on the recommendaticns of SAE J972a, but had the heavy steel frent
bumper assembly replaced with a 6x8 wood bumper. Total weight of
the bogie was 1846 1b (837 kg). Target impact location was 15 in.
(381 mm) to the left of vehicle centerline.
Performance: Impact conditions for the bogie were 56.2 mph
(90.4 kmph) and a -0.2 deg angle. As shown in Figure A.34 the bogie
impacted the buffer end, turned slightly left as it bent the first
rail section panel rearward (between Post position 1 and Post 2),
and then turned back to the right as it fractured Post 2 and bent
Posts 3 and 4. After losing contact with Post 4 the bogie was
traveling 39.7 mph (64 kmph) at a =5.3 deg angle and it continued
this trajectory behind the installation until it contacted the concrete
deadman and was rolled over by the secondary impact. The W-beam rail
which had released from the posts immediately after impact formed
hinges at Posts 2 and 3, and bent rearward about those pecints.
Maximum 50 msec average accelerations measured were -1.8 g in the
lateral direction and -3.5 g in the longitudinal direction. These
were taken from high-speed film analysis data as shown in Table A.8;
excessive ringing occurred in the accelerometers and that data was,
therefore, not usahble.
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Barrier Damage: As shown in Figure A,35 the W-beam rail was

bent and twisted as far back as Post 8 (where the straight section
began). Post 2 was fractured at grade and Posts 3 and 4 were bent
and twisted by contact with the bogie.

Comment: The yaw rate of the bogie was approximately 3 deg/
12.5 ft which is considerably below the threshold value of 10 deg/
12.5 ft considered necessary for ''‘gating" through the BCT. Although
the bogie is considerably more stable than the Honda due to its low
slung weight distribution and wider track, the Iyaw value should not
be that different. Based on test observations, there was a considerable
reduction in both the impulsive load and yaw rate for this end-on

impact when compared to previous end-on Honda tests.
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FIGURE A.33 PRE-TEST PHOTOGRAPHS, TEST BBCT-1
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Lmpact

Dace
Vehicle

................................................... Bogie
Vehicle Weight (including insttumentalion)

FIGURE A.734

................................................. BBCT-1 Impact Speed 56.2 mph (90,4 koph)
.................... . 2/24/81 Impact Angle e e ianaenanana. —0.2 deg
. Exit Speed ........... 39.7 mph (64.0 kmph)
..... 1846 Lb (837 kg) Exit Angle -5.3 deg
Vehicle Accelerations (max 50ms average)
Lateral L e i aaaiaaaaaaieaea e -1.8 g
Longitudinal ......voveviivnnies e rree e -3.5¢g

SUMMARY OF RESULTS, TEST BBCT-1



g e p -

FIGURE A.35

BARRIER DAMAGE, TEST
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TABLE A.8

FILM ANALYSIS DATA -
TEST BBCT-1

SUMMARY UF VER]ULE RIREHRTIC AN pYNAm]C UATA

VemlLLE C. U,

Tikt AFTER COORDINATESLFT]

IMPACT {5eC) A Y
u.000 ~10.63 2.41
210 -9.21 2.41
«0Z0 =8.41 .43
.030 -7.81 -IETY
<040 ~h, 82 2.4t
« 0S4 ~t,0a 2.48
L] -5,28 2.50
2070 =4.%] 2.52
«Oba -3, 2.55
«0%0 =3.90% 2.5n
<100 ~2.33 2.61
10 =l.e2 2.b4
120 =9l 2,61
. 130 - &2 24740
« 140 47 2.74
=150 1. 1% 2.r1
.10 1.82 2.8¢0
« 170 2.50 2.84
. 180 EP 1 2,81
«Iva 3,82 2,50
200 .08 2,94
210 Saye 2,97
' 220 o. 1y 3,00
«210 b.4] 3,04
240 7,68 .07
- 250 T.12 LN
<280 B. 38 3.0
«2 9.90 .18
<280 9,61 q.22
<290 10.27 3.2¢
300 10.%0 .29
310 11.52 3.33
- 320 12.15 3,3e
»330 12,77 J.a2
2 dag 13.3% 3.4
' 350 1v.01 J.5¢0
- 360 1a,8) 3,85
» 370 15,24 3.59
.384q 15.05 Jaba
.90 1,41 J.be
«40Q 17.08 i.73
ki 1T.68 3.
420 19,29 J.4z
-430 14,50 J,88
ke 1¥.51 .90
-450 20.11 4.98
B0 29.72 d.yw
-4T0 FATEE] “.03
.4Bp 21.94 4.07
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TEST BBCT-2

Purpose: Purpose of this test was to evaluate the performance
of the wood post BCT which had been modified to reduce its end-on
impact resistance. This was accomplished by a bhogie vehicle impacting
the buffer end of the system at 60 mph and a O-deg angle.

Test Instellation: Total length of the test installation was

100 ft (30 m) with a 37.5-ft (11.4-m) flared BCT at the upstream end.
Posts 1 and 2 were 6x8 wood installed in concrete footings and the
remaining posts were WOx8.5 steel mounted in the soil. Height of the
W-beam front rail was 27 in. (686 mm). To improve its performance with
1800-1b (816-kg) class vehicles several modifications were incorporated
into the standard cenfiguration BCT. These were: (1) addition of a
wood blockout assembly which was attached to Post 1 inside the buffer
end, (2) addition of wood blocks to Posts 1 and 2 beneath the W-beam
rail, and (3) removal of post/rail attachment bolts from Posts 1 thru
7. Purpose of these retrofits was to break away Post 1 before con-~
tacting the end of the W-beam rail (blockout assembly), and provide

no lateral restraint to buckling of the W-beam (bolt removal). The
wood blocks provided vertical support only for the rail. Photographs
of the modifications are shown in Figure A.36.

Test Vehicle: The 1846-1b (837-kg) bogie vehicle used in

Test BBCT-1 was alsgso used in this test. Target impact location was
15 in. (381 mm) to the left of vehicle centerline.

Performance: Impact conditions for the bogie were 58.8 mph
(94.6 kmph) and a -0.8 deg angle. As shown in Figure A.37 the bogie
impacted the buffer end and turned slightly to the left as it fractured
Post 1 and initiated buckling of the W-beam. The front rail translated
in the longitudinal direction the threaded end of the anchor cable
contacted Post 2 and fractured it. As the bogile continued its trajectory
the right wehels rode over Posts 3 and 4 bending and twisting them.
The W-beam rail in the meantime formed a hinge at Post 4 and as the
section between Posts 4 and 8 swung away from the posts the section
between Posts 1 and 4 rotated in the opposite direction about the
hinge. The bogie continued behind the rail and stopped 24 ft (7.3 m)

past the downstream end of the installation. Maximum 50-msec average



accelerations were -7.7 g (film) and -19.8 g (accelerometer) in the
longitudinal direction, and 1.6 g (film) and 0.4 g (accelerometer)

in the lateral direction. Results of high-speed film analysis are shown
in Table A.9, and accelerometer data are contained in Figure A.38.

Barrier Damage: As shown in Figure A.39 the W-beam rail

was bent and twisted as far back as Post 8. Posts 1 and 2 were
fractured, and Posts 3 and 4 bent due to wheel contact. In addition,
Posts 8 thru 18 were twisted slightly due to tramslation of the rail
toward the downstream end.

Comment: The yaw rate for the bogie was 6.7 deg/12.5 ft (3.8 m)
which is below the 10 deg/12.5 ft (3.8 m) threshold value necessary
for gating through the BCT. Again, as in the previous bogie test,
it appears that the impulsive loading and yaw rate of the vehicle

have been reduced in comparison to previous end-on Honda tests.
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Test NO. o e BBCT-2
Dabe e /24781
Vehiele . i . begiv
Vehicle Weight

(1ncluding instrumentalion) ...1846 Lb (837 kg)

Ilmpact Speed .......... ..., 38,8 mph (94.6 kmph)

lmpact Aungle et ae e soo —0.8 dep
Exit Speed .. i 20.8 mph (48.0 kmph)
Exic Angle ..ot 17.6 deg
Vehicle Aeceleracions {max 50 ms average)

Lateral (cine/electronic). . v.u.vv.... 1.6g/0.4g

Longitudinal (cine/eleoerronte).... —-7.7g/-19.8p,

FIGURE A.37  SUMMARY OF RESULTS, TEST BBCI-2



(Acceleration, g's)

DATA FILTERED USING SAE J211 FILTERS
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FIGURE A.38 ACCELEROMETLR DATA, TEST BBCT-2
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TEST WBCT-4

Purpose: Purpose of this test was to evaluate the performance
of the wood post BCT which has been modified to reduce its end-on
impact resistance. This was accomplished by a 2170-1b (984-kg) mini-
compact automobile impacting the buffer end at 60 mph and a O-deg angle.

Test Installation: The test installation was the same as that

of Test BBCT-2Z except that the wood blockout assembly inside the buffer
end section was slightly wider - 12 in. (305 mm) instead of 8 in.

(203 mm). Photographs‘of the vehicle and test installation are shown
in Figure A.40.

Test Vehicle: A 1975 Honda Civic sedan was the test vehicle
and it contained two 50th percentile anthropomerphic dummies in the
driver and front passenger seating positions. The driver dummy was
restrained by a lap and shoulder belt whereas the passenger dummy was
unrestrained. Total weight of the vehicle, dummies and instrumentation
was 2170 1b (984 kg). Target impact location was 15 in. (381 mm) to
the left of vehicle centerline. |

Performance: Impact conditions were 59.4 mph (95.6 kmph) and
a 0.6-deg angle. As shown in the impact sequence of Figure 15 the
vehicle impacted the buffer end (with wood spacer inside), fracturing
the first post and causing the W-beam rail to translate away from the
posts. The vehicle began to yaw as it continued its trajectory during
which it fractured the second post and overrode Posts 3 and 4. As it
overrcde these posts the vehicle was launched élightly and began to
reverse its yaw direction with the result that the front of the .
vehicle nosed down into the ground as the rear pitched upward. The
rear returned to the ground and the vehicle finally stopped 1é ft
(4.9 m) behind Post 10 in a position opposite to its original impact
direction. Maximum 50 millisecond average accelerations measured
during the impact were -10.0 g/-16.4 g (film analysis/accelerometer)
in the longitudinal direction and 1.6 g/6.0 g (film analysis/accelero-
meter) in the lateral direction. A summary of test results is contained
in Figure 16 and results of high-speed film analysis are tabulated in
Table A.10. Data from vehicle and driver dummy transducers are shown
in Table A.1l and plotted in Figures A.41 thru A.44; an electronic

malfunction caused data from the passenger dummy transducers to be lost.
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Barrier Damage: As shown in Figure A.45 barrier damage consisted

of two fractured wood posts, two bent steel posts, two bent rail sections,
and a damaged buffer end section/spacer assembly. In addition, Posts 8
thru 18 were twisted slightly as the W-beam rail translated toward the

downstream end.

Vehicle Damage: The test vehicle, as shown in Figure A.45, was

heavily damaged. The entire front section was deformed by the end-on
impact, the right front wheel and hood were torn off, and the windsheild
shattered on the right side by impact of the dummy's head. Additional

damage was sustained by the passenger door and sill when contact occurred

with the steel posts.
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8°V

TIMF AFTFF

SUHMMAKRY NF VFHICLF KINFMATIC AND NYNaM]C

VEHICLF C.

o,

COORDIMATFSIFT)

IMPAaCTISFCr) X
N.noe -T7.9%
0N =710
NN -h.Ph
030 =G 4b
AN -4 ,hY
] -3,96
60 -3.24
«NT0 ~2.5&
« AN =1,9]
LA00 -1,730
100 =-. 1
J110 -, 14
1720 «el
2130 L
140 1.47
. 150 1.98
160 2.50
170 3.01
. 180 1.82
<190 4,03
.o0n 4.56
-7le S.nb
P20 5.54
.70 &.10
«74h L.62
raalll T.14
- 7FA T.AT
270 A19
. 780 A.T1
.70 9.23
L300 q,7%
«21n 10,26
<320 10,77
330 11.28
360 Y1.T8
.50 12.27
- 360 172.79
+370 13,721
. ARD 13.65
<3040 14,0AR
500N 1a,49
610 14 .87

Y

?.07
2.99
.00
3.07
1.03
1,04
J.0&
3,07
A.0R
j.ng

.10
3.11
3.2
A,16
1,16
317
1,19
1.722
1.74
1,27

1,29
3.137
1,138
3.37
.40
J.4°7
.46
E Y
3.49
.51

.53
1,56
.64
3.63
367
3.7
3.77
3.Ap
1. HA
3,96

3,00
4,06

TABLE A.

10

FILM ANALYSIS DATA, TEST WBCT-4

HE AN ING

ANGILF
(DFG

«h3

.95
1a6l
f.01
2.H1
3.75
4.R3
L
T.37
R.7R

10.24
11.7A
13.31
14 .94
14.135
17.R3
19.27
20,66
22.02
23.34

PU P
5,89
?27.15
PR,40
FA P
30.91
A7.1H
33,65
3,72
3« .86

41.24
L, a7
A9, 68
404 R%
42.01
43,16
44,33
45,83
46,80
4H.15

49,499
51,049

DATA

VEHICLE VELOGCITY

{FT/SEC)H
100G LaTl
A7.12 27
Ae Ab =04
A72.17 -6l
79,17 =-1.3¢9
Th.H4 ~2.36
72,63 =3, 46
69,00 -4 ,H4
b5, bk -5,A3
LY | =7.00
S9,h1 ~-A,12
57.04 -9,18
S84 A3 =10.18
57.99 -11.12
51,57 -12.04
50,40 -12.95%
49,57 -13.R7
4R .94 -14,A2
48,60 -15,48l
48,33 -1%.85
4,13 ~17.93
47.913 -13,08
L 1] 20,21
47,41 -21.39
47,03 ~P72.57
46,56 -23,73
i6,00 ~24,86
49,39 -75.91
46,72 -26.93
ah 04 -27.82
43.36 -28,60
42 .6R -79,23
42.0] =29.70
81.33 -29,49
40,59 =30,.0R
39.74 =-29,G4
38,71 -79,.59
JT.ed =-79.02
35, Ry -2R,248
Ja,09 =27.45
32.1e =26, 10
30.79 ~2h.29
2H .94 20,67

Wo0on POST ACT TEST WRCT-6

VERICLF ACCELFRATION(GMS)
AVERAGE AVER

AT TIME T

LONG LAT
=625 b
-7.73 k3
~8.,95 .29
~9,R3 .23
=10.34 «?B
-106,49 L4
-106,.27 61
-9,71 +H5
-8.91 1,09
-T,AT 1.30
=-6,.70 1.45
5,45 1.53
=-4,.20 1.52
-3,07 1.43
-1.95 1.25
=-1.05 1.03
-e33 W16
+19 a4 H
«91 .21
67 -.04
«6R .23
-] -.38
val -.45
2] -.b4h
.02 -,40
=13 -.2h
=22 ~,009
- 24 ala
=.71 |
=216 .16
=.11 1.15%
-.12 1.54
—.25 2.0H
~.54 2.63
-1.02 3,74
~1,70 3.B6
=2.51 4,45
-3,3¢4 4,89
=-3.97 G4, 9N
-4, 04 4.421
-3,08 2.76
=.4l -.10

LONG

.00
0.00
0,00
-9.07
=9,75
-10.0AR
-10.07
-9,72
-3,09
-R,22

-7.17
-6.02
~-4.63
-3,66
-2.56
=1.63
-.Pa
=-.23
.20

o b6

56
<05
Ay
.29
.12
-.02
-.13
-.19
-.20
~.19

~.17
-.20
=-.31
=.55
-.95
-1.49
-2.15
-?.fR0
~3.24
=3.17

-2,14
45

Lrasal

-05 SF(.

LaT

0.00
0.00
0,00
.35
.37
.67
b4
A5
1.08
1.30

1,66
1.56
1.54
1.51
1.37
1.17

T

.65

-.1e

APPROX. RARNIER
FORCFS (Lot

X Y
13579, -1/48.
16798, =659,
196475, =142,
211332, 251},
22450, 300,
PPATRA, A~ ],
223720, abi,
21185. avr,
194T4. la).
17314, -175,
l4pe]. =512,
17252, =435,
967°9. -11i1.
7122, ~-13l2,
4H35, -1419,
PRS2, ~142].
1277. -13l6,
-17. -11165.
-AHR. -d 35,
=13ba, -30p,
-154R, =149,
S=14H]. 1848,
-17232. 470,
~AT4. ahl,
471, 730.
~73. 654,
PR, 420,
610. 29,
Ql2. ~543,
126K, -1140,
1695, -1834,
P45, -2920.
3”94, -3120,
Y3 1: -3592.
6346, =173%,
Hé21. ~354Y9,
10651, =3l0%,
17654, ~2206,
13775, -1122.
13010, 129,
RAV? . 1204,
-hPT. 1646,



TABLE A.11

TEST WBCT-4 TRANSDUCER DATA

TEST ID ====== UBCT-4 HIGHEST 30.0-%S AVG. ACLCEL.

TEST DATE ---- 04-08-81 TINE {SEC)

YEHICLE TYPE ~ MINI-SIZE G‘S  BTART END

INPACT ANBLE - 0.00 DEGREES @ e===se ssmsees ooeme-

IXPACT SPEED -  84.77 FPS LONG. ~16.315 ,025 075
LAT. -6.00 .038 .108

VEHILLE KINETICS SUKMARY
NOTE: VALUES ARE INSTANTANECUS AT TIHE

TINE VEH. ACCEL.(B”“S) VEH. VEL.(FPS) VEH. DISP,(F)
(8] LONG, LAT, LONG. LAT, LONG. LAT,
0.000 -.09 .14 84.77 0.00 9.00 0.00
Bl -7.04 42 Bl.8¢9 -.13 .83 -.00
.020 -8.12 .48 B1.24 .32 t.44 -.00
030 -9.72 =16 78.22 .20 2.49 00
D40 -12.30 =1.61 74,13 48 3.24 +01
030 -23.44 8.36 48,63 ~1.76 3.95 -0
040 -13.00 -40.82 41.02 -.02 4,39 =00
-070 -13.73 §.14 35.7¢ -8.3¢? 3.4 -.04
08¢ -4.74 -1.81 52.1¢9 -3.81 .74 -.13
090 -2,2% =83 §1.43 -4.68 64295 -.19
100 -2.21 -4, 11 S1.4é -7.85 6,73 -e2é
110 -.42 ~-1.81 .3 -8.43 7.24 -.34
.120 .81 -1.45 51.34 “9.10 7.74 -.43
130 .33 -1.37 31.32 -10.11 8.1 ~.53
140 -.09 0.00 $1.43 -10.42 8.82 -.43
.150 -1.22 -.54 §$1.32 -10.58 ?.32 =24
.140 =99 ~4.,21 50.2¢9 -10.89 9.82 -.84
170 -.56 .32 $0.20 =11.95 19.31 -9
180 -3.07 +20 48,98 -12.4¢ 10,84 -1.9%
190 -4,44 =81 48.74 -12.86 11.32 -1.21
290 2.8% -1.53 47,09 =13.34 11.890 -1.34
210 .73 -.65 4%.14 -13.38 12.28 -1.47
.220 -.23 .24 49.73 -13.44 12.81 -1.61
.230 -1.36 -. 40 49,41 =13. 41 13.30 “1.74
.240 L] =04 47.39 =13.12 13.79 -1.87
250 -.23 W34 49.25 =12.98 14,27 -2.00
.240 -t - 18 48.97 -12.8¢6 14.75 -2.12
.27% -.42 -.24 48.90 -13.03 15.27 -2.24
.280 .89 =32 47.04 -13.06 13.76 -2.39
270 .70 .90 . A%, -13.28 18.24 -2,32
1300 =113 32 49,19 -13.08 14.72 =2.45
L0 =03 4,34 48.81 -12.81 17.20 -2.78
.320 -1.08 2.49 4B.74 -11.73 17.72 -2.9M
L3310 =211 .81 48.37 -11.04 18.20 -3.02
L340 51 -1.77 48,08 -11.04 18,47 -3.13
330 .33 44 48.38 1141 19.15 -3.24
340 -1.27 1.97 47.84 =10.4% 19.42 -3.35
370 -5.49 6,15 47.99 =11,40 20.13 -3.4%
380 1.43 -6.74 47,41 -1¢.82 20.49 -3.57
a7 -4,08 =121 47.21 -12.01 21.0¢4 -3.48
400 =97 =1.70 44,88 -11.23 21.32 -3.79
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TIHE
(SEC)

160

+200

.230
240
.250
. 260
270
.280
270
L300
30
320
.33
340
330
380
L3720
.380
.390
.400

"HEAD
CHEST
FENUR

HIC =

TABLE A.11 (Cont'd)

TEST 1D =-==n- WBCT-4
TEST DATE ---- 04-08-31
VEHICLE TYPE - HINI-SIZE
VERICLE HASS = 2170. LBS. OCCUPANT - LRIVER
IMPACT SPEED = 57.8 NPM 572-50% MALE DUNHY
IHPACT ANGLE =  ¢.0 BEG. RESTRAINTS - LAB +
RESULTANT (G"S)  -=---=- §1-m-me- FEMUR LOADS
HEAD CHEST HE&D CHEST LEFT
W1 .2 0.0 0.0 0.0
1.1 .5 .0 .0 5.6
4.9 1.5 ol .0 -24.4
2.8 2.7 o4 B -g.%
7.9 7.8 1.5 1.4 13.3
34.4 22.7 28.8 47.7 1.1
19.9 21.0 73.0 68.5 -148.4
49,2, 21.4 $86.1 94.9 -110.9
10,0 Y 712.2 108.4 -17.7
8.7 7.5 715.5 110.% -331.3
B.1 8.8 717.4 112, 4 =11,0
5.2 4.4 720.5 t15.8 4.4
1.8 5.7 721.1 116.2 -3.9
1,4 5.5 722.5 7.3 -26.6
7.3 2.0 721.8 112.5 -38.8
9,2 .5 725.4 117 ~24.4
8.8 .7 727.4 117.5 -17.7
7.8 2.0 729,2 H7.4 -22.2
5.5 1.4 710.3 17,4 -17.7
5.5 1.9 1 2311 117.4 -1,
5.5 2.0 731.8 17.? -1t
4.0 1.4 712.4 117.7 -8.9
3.6 .8 732.7 12,7 -5.9
2.4 1.1 732.9 117,8 -148.4
1.8 1.2 7310 t17.8 -13.3
2.9 1.9 711.3 117.8 -4.4
2.4 1.9 713.5 117.9 -8.7
2.8 2.8 733.4 118.0 -8.9
3.3 1.9 733.8 11B.1 -26.4
1.1 1.0 7341 118.1 -4
1.5 4,5 734.5 18,2 -17.7
7.2 4.3 735.2 118.5 -4.4
8.6 8.3 719.9 119.0 -22.2
8.2 5.0 742.0 126.9 -37.7
8.2 8.5 7441 128.3 ~41.9
10.2 5.4 747.0 129.3 -33.3
15.9 2.9 753.3 130.2 -8.9
9.2 1,2 760.2 130.2 -24.6
9.7 1.7 743.9 £30.3 -15.5
0.9 1.4 762.2 130.3 -29.9
9.7 .7 770.3 130.3 -26.6
HAXIMUM VALUES AND TIME OF OCCURANCE
X/LT---8EC Y/RT---8EC 1----SEC
{675y -119.3  L045 29.2 L0631  -54,0 048
(6°5) =421 .044 24,0 329 -21.0 .04
LOAD (LBS =202, 06t 0. .409

CUMULATIVE PERIOD FOR

40-G LEVEL = ,007 SEC

588.1 DURING T = .043 TO ,070 SEC.

A.84
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TEST WBCT-5

Purpose: Purpose of this test was to evaluate the performance
of the wood post BCT which had been further modified (from that of
Test WBCT-4) to reduce its end-on impact resistance. This was accom—
plished by a 2170-1b (984-kg) minicompact automobile impacting the buffer
end at 60 mph and a 0O-deg angle.

Test Installation: The test installation of WBCT-4 was further

modified by redesigning the wood spacer blockout assembly inside the
buffer end, and making three sawcuts in the W-beam rail to allew hinges
to be formed quicker and at desired locations. As shown in Figure A.46
the spacer blockout was lengthened downward to further distribute the
impact loading over a larger area of the front section of the vehicle,
particularly to the vehicle lower crossmember structure. W-beam
sawcuts were located approximately 1 ft (0.3 m) downstream of Posts

3 and 4 and 1.5 ft (0.5 m) upstream of Post 6. Sawcuts were 1.75 in.
(45 mm) deep into the face of the rail and were terminated with a
0.53~in. (13-mm) dia. hele at each end.

Test Vehicle: A 1977 Honda Civic sedan was the test vehicle

and it contained two 50th percentile anthropomorphic dummies in the
driver and front passenger seating positions. The driver dummy was
restrained by a lap and shoulder belt whereas the passenger dummy was
unrestrained. Total weight of the vehicle, dummies and instrumentation
was 2170 1b (984 kg). Target impact location was 15 in. (381 mm) to
the left of vehicle centerline.

Performance: Impact conditions were 56.8 mph (91.4 kmph) and
a 0O-deg angle. As shown in the impact sequence of Figure 19 the vehicle
impacted the buffer end (and wood spacer) fracturing the first post
and causing the rail to translate away from the remaining posts. As
the vehicle began to yaw it fractured the second post and overrode
Posts 3, 4 and 5 causing the rear of the vehicle to pitch upward as
the front nosed downward. The rear then came back down and the vehicle
stopped in an upright position normal to the rail approximately 19 ft
(5.8 m) behind it and adjacent to Post 12. A camera malfunction resulted
in film analysis not being performed and acceleration data shown in the

summary of results of Figure 20 were taken from accelerometers only.

A.B5



Results of analeg to digital conversion of vehicle and dummy transducer
data is shown in Table A.12 and plotted in Figures A.47 thru A.53.

Barrier Damage: As shown in Figure A.54 barrier damage con-

sisted of two fractured wood posts, three bent rail sections, three
bent steel posts and a damaged buffer end/wood spacer assembly.

Vehicle Damage: The front section of the wvehicle, as shown

in Figure A.54, was heavily damaged from impact with the end of the

barrier. In addition, the lower portion of the right door and the area
just aft of it were damaged by contact with the steel posts. Although
the windshield was impacted and almost knocked out by the unrestrained

passenger dummy it remained with the vehicle.
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TEST ID

TARLE A.12

TEST WBCT-5 TRANSDUCER DATA

------ UBLT-5

TEST DATE ---- 03-08-81

VEHICLE TYPE - MINI-SIZE
INPACT ANGLE -
INPACT SPEED -

. 280

L300
30
-320
330

. 400

HIGHEST 50,0-MS AVG.

0.00 DEGREES

83.31 FPS

LONG.
LAT.

VEHICLE KINETICS SUMNARY
NOTE: VALUES ARE INSTANTANEQUS AT TINE

v

ER. ACCEL.(G"S)

LaT.

VEH. VEL.(
LONG.

A.96

FPS)
LAT.

VEH.
LONG.

?.37

19,28
10.72
11.15
11.58
12.04
12,47
12.%90
13,32
13.73
14.21
14,44
15.08
15.48
15.70
14.35
14.77
12.19
17.489
18.01
16,44
1g.82
19,21
19.59

ACCEL.
TINE (SEC)
START END

DISP. (F)
LAT.



TABLE A.12 (Cont'd)

TEST ID =----- UBCT-3
TEST DATE ~---- 05-08-81
VEHICLE TYPE - MINI-SIZE

VEHICLE MASS = 2170. LBS. OCCURANT - DRIVER
INPACT SPEED = 56.9 MPH 572-50% MALE DUNMY
INPACT ANGLE = 0.0 DEG. RESTRAINTS - LAB + SHOULDER BELTS
TIHE  RESULTANT (6’8)  ====ca- L CEEETE FEMUR LOADS (LES)
(SEC) HEAD GHEST HEAD CHEST LEFT RIGHT
0,000 ) .2 0.0 0.0 4.7 -1.4
010 .9 .5 0 .0 -5.9 -7.8
020 2.3 ) 0 0 -8.4 -4.7
030 5.3 4,2 iy .1 26.4 131
040 9.4 15.0 20 k| 159,0 3210
050 21.8 18.0 8.3 73.2 39.4 S6.7
L0460 53.9 9.5 124.2 152.4 -114.1 ~57.4
070 46.1 9.4 235.3 187,7 ~58.1 =481
080 321 4.2 334,2 148.4 -29.7 -26.4
.090 23.5 4.3 375.8 148.8 12.9 -4.7
100 14.2 2.5 388.5 16%9.0 18.3 -1.4
110 19,1 L) 408.3 189.2 -29.7 ~32.4
120 1.4 4,9 414.4 170.8 -21.8 TR
.30 8.1 5.9 17,2 171,5 T2 T -0
140 8.1 4.9 4190 172.1 -8.46 “24.4
150 7.8 7.8 420,7 172.5 -. -10.9
160 5.5 1.4 421,98 172.4 4. -18.4
170 1.3 2.3 422.2 172.8 12.9 -29.5
.180 1.9 7.6 §22.7 172.9 -3.9 -24.4
.190 4.7 2.9 423.0 173.0 -1.3 -24.8
.200 9.1 5.7 423.3 173.3 -1%.1 -10.%
L2110 10.3 1.8 424,3 174,90 -8.4 -10.9
.220 12.8 1.0 429.3 1741 3.8 -1.4
.230 9.4 1.8 431.5 1741 -7.3 -17.1
240 10.8 2.0 337.% 174.2 23.7 -15,5
.250 8.3 1.1 440,4 174.2 4,7 -10.9
L2540 5.8 1.9 4421 174,3 12.9 -6.2
L2740 6.5 1ol 444,90 174,13 12.9 -14.0
.280 8.6 1. 445.8 174.3 -8.% -7.8
. 290 8.4 2.2 447.4 174,3 -5,% -5.2
L300 8.0 2.9 449,7 174.4 -8.4 -10.9
310 8.4 3.8 452.0 174.7 -8.4 -14,0
.120 7.4 4.8 454.¢4 175, -B.4 -190.9
.330 10,9 1.7 457.4 175.4 -7 4.7
L340 8.8 2.7 160.4 175.9 -8.4 -6.2
. 350 6.8 2.4 442.5 174.0 -1.1 -7.8
L340 8.7 2.9 464.8 178.2 4.7 -17,1
370 7.7 1.8 444,46 176.3 -7.3 -9.,3
389 7.3 2.9 448.1 176.6 -13.8 14,2
. 380 5.5 3.0 459.1 1748.7 -7 7.9
.400 7.9 2.4 4790.3 176.9 -5.9 14.2
HAXIMUM VALUES aND TIME OF OCCURANCE
X/LT---$EC Y/RT---SEC I----SEC k----SEC
HEAD (6-S) -42,2  .040 12,0 076 -38.1 L0706 55.1 059
CHEST (G6“5) -53.9 048 4.0 .047 14,2 044 54,0 ,048

FEMUR LOAD {LES) 104, .038 0. .40%
CUNULATIVE PERIOD FOR 40-6 LEVEL = 0.000 SEC,

HIC = 139.2 DURING T = .05t TO .092 SEC.



TEST 1D
TEST DATE ----
VEHICLE TYPE

VEHICLE HASS
INPACT SPEED
IXPACT ANSLE

TIME
{SEC)

RESULTANT
HEAD c
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< o <
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o
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400
HAXINUN VALUES
HEAD (G’S)

CHEST {G”S)
FEMUR LOAD (LESY

TABLE A.12

(Cont'd)

UBLT-5
05-08-81
MINI-SIZE
2170, LBS. OCCUPANT - PASSENGER
56.9 HPH 572-50% HALE DURMY
0.0 DEG. RESTRAINTS - NOME
(6"8)  --=---- §lammamnn FEMUR LOADS
HEST HEAD CHEST LEFT
.2 0.0 0.9 -4.1
1.1 .0 .0 9.5
.9 .0 .0 -23.1
1.4 .1 0 -31.3
1.0 .2 o -27.2
4.4 .3 .2 -484.9
7.5 .4 .7 -338.7
8.7 2.2 2.4 -83.9
7.2 19,7 4.1 -213.4
14,9 139.5 8.1 -51.7
22.4 155.2 27.9 -148.3
15.3 178.5 42.5 -213.4
7.9 182.2 47.2 -178.2
1.8 197.3° 48,1 -92.5
4.0 207.1 48.5 -28.6
5.7 2111 49.3 -17.7
2.0 218.3 49,4 4.9
1.4 222.5 49.% 17.6
1.7 224.3 49.7 -23.1
3.0 225,1 49.8 -1.4
3.4 225.5 49,9 -4.,1
2.4 225.8 50.1 =231
2.9 225,90 50,1 -29.4
1.0 225.4 50.2 4.1
1.7 226.9 50.2 -8.2
3.0 227.7 50.2 Co=17.7
2.4 228.7 50.3 ' -25.8
1.2 229.% 50.3 ©=39.4
1.0 230.7 50.4 -58.5
1.6 233.7 50.4 -25.8
4.4 234.5 50.5 -28.%
2.8 236.3 52.8 -28.46
2.4 238.0 51.5 -39.4
3.4 239.2 53.4 -50.3
2.1 240.2 33.7 “61.,2
1.1 241.0 531.7 -51.7
1.8 242.4 53.8 -80.3
4.8 243.5 54.3 -50.3
2.1 244,8 54,7 -35.4
.7 244.8 54.7 -55.8
1.9 249.% 54.8 -39.4
AND TIKE OF OCTURANCE
X/LT---SEC Y/RT---SEC 1----SEC
-§7.0  .082 9.9 .077  -23.5 132
23.1 .098 13,3 .301  =10.4 093
=730, .048 0. .409

CUKULATIVE PERIOD FOR &0-6 LEVEL = 0.00Q0 SEC.

HIC = 138.7

DURING T = .077 TO

.135 SEC.
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TEST WBCT-6

Purpose: Purpose of this test was to evaluate the performance
of the wood post BCT which had been further modified to reduce its
end-on impact resistance. This was accomplished by a 2124-1b (963-kg)
minicompact automobile impacting the buffer end at 60 mph and a 0O-deg
angle.

Test Installation: The test installation of WBCT-5 was modified

slightly by relocating the first twe sawcuts to 3 ft (0.9 m) downstream
of Post 1 and 1 ft (0.3 m) downstream of Post 3, the last sawcut remain-
ing 1.5 ft (0.5 m) upstream of Post 6. These cuts were made to further
reduce impact loading caused by the W~beam rail.

Test Vehicle: A 1974 Honda Civic sedan was the test vehicle,

and it contained two 50th percentile anthropomorphic dummies in the
driver and front passenger seating positions. The driver dummy was
restrained by a lap and shoulder belt whereas the passenger dummy was
unrestrained. Total weight of the vehicle, dummies, and instrumentation
was 2124 1b (963 kg). Target impact location was 15 in. (381 mm) to
the left of vehicle centerline.

Performance: Impact conditions were 60.4 mph (97.2 kmph) and
a O-deg angle. As shown in the impact sequence of Figure 21 the vehicle
impacted the buffer end (and wood spacer) fracturing the first post and
causing hinges to form at the first two sawcuts as the rail translated
away from the posts. As the vehicle began to yaw it fractured the second
post and the rail at the first twe sawcuts. As it continued its trajec-
tory the vehicle overrode Posts 3, 4 and 5 causing the rear to pitch
upward as the front nosed downward. This pitching continued until
the vehicle "stood" on its front section and then rolled onto its left
side. Tt came to a stop approximately 11 ft (3.4 m) behind Peost 10.
Maximum 50 msec average vehicle accelerations measured during the impact
were =11.2 g {cine) and -18.7 g (accelerometer) in the longitudinal
direction, and 4.2 g (¢ine) and 3.5 g (accelerometer) in the lateral
direction. Test results are summarized in Figure 22 and results of
high-speed film analysis are contained in Table A.13. Results of analog
to digital conversion of vehicle and dummy transducers are tabulated

in Table A.14 and plotted in Figures A.55 thru A.61.

A.99



Barrier Damage: Two wood posts were fractured, three steel

posts were bent, and three rail sections and the buffer end/wood spacer
assembly damaged by impact. Barrier damage is shown in Figure A.62.

Vehicle Damage: Vehicle damage, also shown in Figure A.62,
was extensive. The front section was heavily damaged from impacting
the end of the barrier. The right side and bottom sheet metal had
indentations from steel post contact. The right front wheel MacPherson
strut was fractured. The windshield was shattered and knocked out by
the unrestrained passenger dummy.

Comment : As determined using the ENDON program it is desirable
to achieve a AV = 12,2 ft/sec (3.7 m/sec) (using a Honda impacting at
60 mph, 0°, 15 in. offset) in the first 12 ft (3.7 m) in order to
achieve gating through the BCT. By comparison the velocity change
(taken from film analysis data) for this test was approximately

44 ft/sec (13.4 m/sec) in the time interval from impact te 0.195 sec.
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TABLE A.1l4

TEST ID ===-=- UBCT-4 HIGHEST 50.0-MS AVG. ACCEL.

TEST DATE ---- £5-22-81 TIME (SEC)
VEHICLE TYPE - HINI-SIZE 6§ START END
INPACT ANGLE - Q.00 DESREES @ ceecae U
INPACT SPEED -  68.44 FPS LONG. -18.74 Q15 11}
: LAT, 3.30 434 084

VEHICLE KINETICS SUMNARY
NOTE: VALUES ARE INSTANTANEQUS AT TINME

TINE VEH., ACCEL.(G’S) YEM. VEL.(FPS) VEH, DISP.{F)
(5} LONG. LAT,. LONG. LAT, LONG. LAT,
0,000 .08 ~.14 .44 0.00 0.00 0.00
010 -8.02 75 £8.902 +04 .87 00
+020 =10.13 .22 8%.38 4l 1.722 .00
030 -23.24 1.98 82.03 -. 40 2.4 .01
.040 ~4. 11 -1.47 75.21 .09 3.38 .0
.050 -2%.34 %.7% 47.34 48 4,09 01
. 080 -23.90 3,72 37.32 3.1 4.7 .03
.070 -8.81 1.88 $%.42 4.09 5.27 .04
.080 ~g.0% 2.0 53,35 S.18 5.85 o1
090 -~3.%4 -1.77 50.47 3.3% é.36 .14
L1008 =2.00 -2.81 49.84 4.49 .08 .21
10 =73 -.04 49.23 4,12 “7.04 24
120 W62 -1.31 49,37 3,38 7.82 .29
130 -8, 44 =1.43 48.21 2.92 8.34 .33
. 140 -%.02 6.93 43.01 3.13 8.80 34
L1590 4,11 -9.72 43.46 2.33 P.24 .19
160 -12.3% 7.2 41,07 W74 F.44 49
L1270 ~3.98 -2.98 17.22 -.43 10.04 A
L180 2.83 1.58 17.49 -. 14 10.44 .40
190 1.27 -3, 42 38,41 ~,8é 10.82 .39
200 1.44 «1.18 319,18 -1,33 11.2¢0 .38
210 -.89 20 9.4 -1.31 11.59 .37
.220 1.37 . A¥ 19.85 -1.30 12.0t W34
.230 o 76 40.19 -1.2% 12.49 .34
249 2,38 .03 40,39 1,19 12,80 .33
.50 -1.24 1.3¢ 10.38 -.48 13,20 .32
. 240 .44 -4 40.01 -5 13.5¢ .32
270 4,08 .04 19,04 -.22 (4,01 3t
280 -3.64 3.2% 36.18 A3 14,39 32
.290 -1,32 ~3.02 32.78 1.22 14,727 .32
1100 1,37 =14 37,481 .F0 15.13 W33
L300 -2.04 -1 37,08 75 15.50 W34
320 -4.32 32 Is.82 “1.08 15.8% P
.330 -3.17 2.22 3416 1.82 14,23 37
140 -8.5% -1.467 32.98 1.28 14.56 .38
.I50 2.4é 3.8% 3183 B4 14,88 .39
.30 .44 -.2? 31.20 .34 17,19 .39
174 -.57 .03 31.27 .01 17.32 .40
+380 -1,32 94 .34 .04 17,03 40
350 .25 1.53 31,18 A7 18.13 .40
400 -.52 .40 3.40 .93 19.44 <A1
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TABLE A.14 (Cont'd)

TEST ID ----—- YBCT-4
TEST DATE ---- 05-22-81
VEHICLE TYPE - NINI-SIIE
VEHICLE MASS = 2124, LBS, OCCUPANT - DRIVER
THPACT SPEED = 40.3 NPH 572-50% NaLE DUMMY
IRPACT 4NGLE = 0.0 DEG. RESTRAINTS - LAB + SHOULDER BELTS
TIME  RESULTANT (6“S)  --==-—- §l-emmomm FENUR LDADS (LBS)
{SEC) HEAD CHEST HEAD CHEST LEFT RIGHT
0.000 .4 A 9.0 0.0 5.1 3.0
L0190 § ) N N 12.8 -6.0
.020 3.3 .7 .0 0 20.5 -3.0
Q30 5.4 2.9 .2 W &9.2 -15.0
L040 8.2 14.8 1.4 4.5 1067.8 108.2
.05¢0 424 29.0 49.3 91.7 259.0 -87.¢
060 16.2 25.4 122.9 124,7 -12.7 -42,0
L0720 40.4 12.4 218,95 123,95 30.8 b1
080 274 5.5 284,1 137,09 -35.7 -31.5
050 15.5 2.1 308.0 137.2 <43.3 -27.0
100 104 1.9 14,2 137.5 -17.8 6.1
110 14.5 8.4 319.5 137.4 -75.2 -42.0
L120 1.5 5.7 323,46 1391 -15.7 -30.0
130 1.3 8.0 134.8 140.3 -28.0 -24.0
140 12.6 1.3 118.8 140,79 10.3 -18.,90
L150 8.1 3.9 342,46 141, 2.8 1.5
140 8.1 1.9 J44.3 141.2 9.0 1.5
170 8.2 1.2 345.5 141,4 2.1 -12.0
180 2.3 4.2 344.2 141.8 -7.4 61
190 3.4 5.2 J4s.9 142.2 11.5 -4.0
.200 9.1 §.9 347.4 143.0 12.8 -3.0
210 2.0 5.1 345.5% 144,1 -1.5 6.1
V220 .8 1.0 353.7 144,5 38.5 18.3
L2310 9.3 2.2 357.9 144.5 -2.5 0.0
240 1.8 1.2 158.¢% 144.5 -1%.1 3.0
.250 2.7 1.5 359.2 144.4 10.3 7.4
L2860 3.4 4.4 159.5 144.8 35.9 12,2
.270 4.7 3.7 3159.6 145.¢ 20.5 -%.0
.280 1.5 4.4 359.8 145.3 18.0 -4.,0
2290 1.5 4,0 359.9 145,8 1.8 4
L300 2.7 1.8 3601 144,2 2.4 4.1
L9 2.5 4.3 340.2 146.4 18.5 -1.0
320 .9 1.8 360.4 144.8 190.8 -24.0
.330 4.4 5.3 340.7 147.3 18.0 -4.0
L340 4.3 5.5 351.5 1479 ~10.2 -3.40
.350 4,4 6.4 342,35 148.4 18,0 0.0
380 8.0 4.2 344.3 1491 18.9 9.0
.370 9.0 §.7 346.3 150,1 -10.2 &1
. 380 8.8 &1 348,53 151,14 -g.9 -3.0
.19¢0 8.3 6.7 370.4 152.1 -7.4 4.1
LA0¢ 9.0 6.4 372.9 153.1 7.7 -4.0
MAXINUM VALUES AND TIME OF OCCURANCE
L/LT---5EC Y/RT---5€C 7----SEC R=-=-§EC
HEAD (G’S) -38.4 .04%  ~17,0 124 -37.1 Q42 42,3 ,082
CHEST (6”5} -50.8 .045 -20.2 .033 -14.8 043 51.1 045
FEHUR LOAD (LBS) 0. .40% 893, .034

CUNULATIVE PERICD FOR 40-G LEVEL = 0.000 SEC.

HIC = 282.8 DURING T = .044 TO .085 SEC.
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TEST ID ===---
TEST DATE --—-
VEHICLE TYPE -

VEHICLE MASS
INPACT SPEED
INFACT ANGLE

nwonou

TIME  RESULTANT
(SEC) HEAD ¢
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HAXTHUM VALUES

HEAD (G°5)
CHEST (G675
FEAUR LDAD (LBS)

CUMULATIVE PERIOD FOR 40-G LEVEL =

RIC = 912.5

TABLE A.14 (Cont'd)

YBLT-¢
05-22-61
NINI-SIZE
2124. LBS, DCCUPANT - PASSENGER
60,3 WPH §72-50% MALE DUMMY
0.0 DEG. RESTRAINTS - NONE
(6°5)  —-==--- §l-=m-=nm FEHUR LOADS
HEST HERD CHEST LEFT
.3 6.0 0.0 -1.1
b .0 .0 1.3
1.0 .0 0 9.4
.8 .3 0 -4.9
1,2 .5 W -175.8
2.3 1.2 .4 ~241.8
4.4 2.6 .4 -343.8
7.8 10,6 1.4 -208.1
9.4 35,0 4.6 -57.7
4.3 44,7 19.5 -53.1
29.0 731.3 346.8 -138.1
18.3 555.2 45.2 -132.9
8.6 609.2 21.5 -194.,%
5.4 622.6 72.2 -181.9
3.3 626.2 72,4 ~50.4
1.1 629.4¢ 72.8 -4t
1.5 632.3 73.0 1.3
2.8 634.8 7341 13.3
1.2 436.4 73.2 -30.9
2.2 638.3 73.4 4.0
2.8 639.5 71,5 -43,0
4.0 541.2 73.6 -59.1
4.0 643,7 74.0 -47.0
2.2 445,4 74,1 -20.1
1.7 646.5 74,3 -44,3
2.7 448,72 7.6 -44.1
2.2 649.7 74.8 -52.4
1.4 6511 74,8 -192.
1.3 652.5 74.% 141.5
7.4 654.1 75.9 -28.2
5.3 656.4 76.5 -130,2
2.8 457.7 74,9 -119.5
4.0 458.9 771 -108.7
1.4 §60.1 77.3 -22.8
4.5 661.5 77.4 -4,¢
1.0 677.5 ?7.8 10,8
1.9 822.4 77.9 20.2
1.2 $30.9 7.9 5.7
1.3 1127.1 7.9 25.4
1.4 1275.4 7.9 -17.5
3.4 1428.0 78,1 -20,1
AND TINE OF OCCURANCE
X/LT-~--SEC Y/RT-~--5EC I----SEC
-83.5 .103 16,3 .124 -49.3 .108
2.4 . 100 15,0 104  -11.8 114
-404, 056 0. .40°
.008 SEC.

DURING T = .349 TO .409 SEL.

All2

(LBS)
RIGHT

23.9
77.7

R----5EC

102.3
29.0

J102
L1000



TEST WBCT-7

Purpose: Purpose of this test was to evaluate the performance
of the wood post BCT which had been modified to reduce its end-on
impact resistance. This was accomplished by a 2120-1b (962-kg) mini-
compact automobile impacting the buffer end at 60 mph (96.6 kmph) and
a 0-deg angle. The vehicle was offset such that impact occurred 15 in.
(381 mm) to the left of its centerline.

Test Installation: The test installation was similar to that

of WBCT-6, the difference being that a V-notch was cut in the back of
the W-beam rail (away from the traffic side) at each of the three
locations where frontal sawcuts were made previously. An additional
V-notch was cut 1 ft (0.3 m) upstream of Post 7. These cuts (shown
in Figure A.63) were made to reduce impact loading caused by the W-
beam rail.

Test Vehicle: A 1975 Honda (Civic was the test vehicle, and it

contained two 50th percentile anthropomorphic dummies in the drive and
front passenger seating positions. The driver dummy was restrained by
a lap and shoulder belt whereas the passenger dummy was unrestrained.
Total weight of the vehicle, dummies and instrumentation was 2120 1b
(962 kg).

Performance: Impact conditions were 59.2 mph (95.3 kmph) and
a 0.2-deg angle. As shown in the impact segquence of Figure 24 the
vehicle impacted the buffer end (and wood spacer) fracturing the first
post and causing the rail to translate away from the remaining posts.
As the vehicle began to yaw it fractured the second post and overrode
Posts 3, 4 and 5 causing the rear of the vehicle to pitch upward and
the entire vehicle to roll toward the rtight side. The rear then came
back down and the vehicle slid tc a stop in an upright position
approximately 27 ft (8.2 m) behind Post 14. Maximum 50 msec average
accelerations measured during the impact segquence were 3.1 g (cine)
and 4.5 g {accelerometer) in the lateral direction, and -8.8 g (cine
and -14.1 g (accelerometer) in the longitudinal direction. A summary
of test results is shown in Figure 25, and data from high-speed film
analysis are contained in Table A.15. Results of analog to digital
conversion of wvehicle and dummv transducers are tabulated in Table

A.16 and plotted in Figures A.64 thru A.70.
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Barrier Damage: As shown in Figure A.71 barrier damage con-

sisted of two fractured wood posts, three bent rail sections, three
bent steel posts, and a damaged buffer end/wood spacer assembly.

Vehicle Damage: The front section of the vehicle, as shown

in Figure A.71, was heavily damaged from impact with the end of the
barrier. Additional damage was sustained by the right door and area
just aft of it due to contact with the steel posts. Althcugh the head
of the unrestrained passenger dummy impacted the right side of the
windshield causing it to shatter, the windshield did remain with the
vehicle.

Comment: Although the V-notches in the W-beam rail did reduce
its impact resistance by causing hinges to form, it appears further
weakening of the BCT installation is required to reduce the yawing of
the vehicle. This will be accomplished by modification to the first

post.
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FIGURE A.71

BARRIER AND VEHICLE DAMAGE, TEST

WBCT-7
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TABLE A.16

TEST WBCT-7 TRANSDUCER DATA

TEST ID ~------ ¥BCT-7 HIGHEST 50.0-HS AVG. ACCEL.

TEST DATE ~--- 06-29-81 TINE {SEC)

VEKICLE TYPE - MINI-SIZE : 6’8 START END
IKPACT ANGLE - 0.00 DEGREES TEETes mesmes smeeee
IMPACT SPEED -  84.97 FPS LOKG. -14.04 014 044
e T LAT. 1.47 03t 081

VERICLE KINETICS SUNMARY
NOTE: VALUES ARE INSTANTANEQUS AT TINE

TIME VEH. ACCEL.(G"S) YEH. VEL.(FPS} VEH. DISP.(F)
(5) LONG. LAT. LONG. LAT. LONG. LAT.
0.000 ¢35 -.08 86.97 ¢.00 ¢.00 0.00
010 ~6.1¢ 2.55 85.77 08 85 ~.00
020 -10.88 .12 83.33 39 1.68 00
030 -20.12 -3.13 77.82 -1.32 2.36 .30
1040 =743 =70 74.06 29 3.32 =.01
030 -27.22 b.b2 48.18 2.14 4.04 00
D040 -13.43 3.34 44,29 5.07 4.49 04
070 ~2.04 31.77 61,42 3.3 3.30 09
080 1.58 -1.% 0,74 5.8% 5,99 13
.090 ~2.99 o146 9%.33 .81 6,94 .20
1090 -8.27 3,52 34.78 7,34 2.1 27
10 -10.43 4,32 53.50 ?.24 7.84 15
120 -4.72 4,462 §1.12 §.94 8.17 44
138 =74 1.08 $0.00 10.88 8.71 bH
L1490 -3.21 -4.12 49.37 10.24 7.20 LX)
150 =1.43 -3,33 48,41 8.53 .48 W75
140 -3.07 ~1.37 48,02 §.27 14,15 93
170 o) -.39 44.8¢6 7.99 10.62 21
.180 1.88 1.89 43.92 7.84 11.11 1.00
90 1.74 ~.58 44.51 7.32 11.57 1.07
200 -3.7 -.48 45.34 7.40 12,02 1.14
210 .74 1.92 43.90 743 12,48 1.22
220 +85 -.82 43,73 8.13 12.96 1.30
239 -2.23 92 45.23 7.70 13.41 1.38
240 .28 41 44,29 7.88 13.85 1.44
250 1.79 -.74 44.74 7.720 14.2% 1.53
240 -2.48 -.04 44.80 7.73 14,73 1.61
270 -4t 47 44.50 7.94 15.20 1.4%
.280 -.57 -.18 44,42 7,92 13,464 1.77
.2%0 =.64 =1.06 44,03 7.93 16.08 1.85
380 =33 18 43.86 7.87 14,51 1.72
o =113 =24 47,49 7.94 16.74 2.00
320 .30 W24 43.58 7.87 17.40 2.09
.13 .30 .41 41.467 §.02 17.83 2.14
340 -.18 06 43.482 §.00 18,24 2.24
330 =69 90 43.31 8.0t 19.49 2.32
. 340 -2.1 1.81 43.24 8.37 19.11 2.40
.370 -1.53 4.05 42.24 9.27 19.57 2.50
.380 -2.352 -.10 41,58 9.94 19.98 2.359
L3190 -.87 -1,18 40,21 7.78 20,38 2.49
400 =316 2.1 40.30 7.43 20.78 .78
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TABLE A.16 (Cont'd)

TEST 1D ===--- UBLT-?
TEST DATE ---- 04-29-81
VEHICLE TYPE - MINI-SIZE
VEHICLE MASS = 2120. LBS. OCCUPANT - DRIVER
IMPACT SPEED = 57.3 MPH 572-50% MALE DUNMY
IHPACT ANGLE = 0.0 DEG. RESTRAINTS - LAB + SHOULDER BELTS
TINE  RESULTANT (6/8)  --w===x §I------- FEMUR L0ADS (LBS)
{SEC) HEAD CHEST HEAD CHEST LEET RIGHT
0.000 4 4 0.0 0.0 4.9 5.5
010 1.3 4 N 0 -5.9 -5.5
020 2.1 1.5 . ] 45.5 1.8
030 6.5 4.4 .2 o -3.5 42,4
040 8.0 20,4 2.0 7.3 269 .4 18,1
050 19.4 29.9 15.7 45,1 -24.2 12.9
040 24.9 24.8 71.4 74,5 =294 -14.4
070 17,2 13.6 145.4 21,4 ~4%.3 -5.5
080 26,9 10,0 2101.4 97,2 -31,2 -16.4
.0%0 15,6 5.9 230.3 98.8 ~45,0 -12.7
100 11,7 1.0 238.4 99.2 -1.5 =67.4
110 1,4 2.6 245.4 §9.5 -38.! 9.1
120 11,4 2.7 2191 99.6 ~28.2 -14.4
L130 7. 1.6 252.0 100.0 -13.9 9.5
L1490 8.8 1.9 254.0 100,14 7. 23.9
150 9.5 2.1 257.0 190.3 -6.9 21.9
140 8.3 1.8 259.9 £00.3 3.5 1.8
70 9.1 1.0 262.3 100.3 -1.5 1.8
.180 B.4 b 264.4 100.3 -12.1 1.8
.190 9.7 1.0 247.2 100.3 ~17.3 5.9
.200 7.9 1.5 2649.3 100.4 ~10.4 9.2
210 8.4 1.7 271.0 100. 4 -3.5 1.8
226 7.9 2.4 273.3 100.5 1.5 5.5
230 7.7 1.7 275.3 100, 4 -1.7 -5 .1
240 8.4 1.8 274.9 100.4 7.0 5.5
.250 9.8 1.4 275.3 100, 5 -19,1 5.5
260 8.1 1.8 281,5 100.7 ~24.2 -7.3
.270 6.4 1.0 2831 100.8 -13.% -31,0
.280 7.5 2.5 264.5 100.9 -1.5 ~1.8
.2%0 4.8 3.4 285.9 1011 8.7 23.9
L300 6.0 4.0 287.1 101.3 -10.4 23.9
310 7.9 3,7 288.3 101,7 17.5 16,6
320 6,9 3.3 289.7 102.1 -10.4 12,9
330 8.1 4.5 291 .4 102, 4 -1.5 -1.8
.340 10,3 4,4 291.3 192.7 19.5 7.2
L350 9.3 4,1 295.5 103.2 1.5 T 1446
L340 9.4 5.5 298.8 103.7 7.0 12.9
L3790 10,4 5.1 303.0 104.5 19.5 -1.8
380 13.4 5.2 307.7 105.1 7.0 12.9
L3R 12.0 2.4 3t3.1 105.4 -13.9 1.8
400 8.7 2.2 7.3 105.5 5.2 -1.8
KAXIMUN VALUES AND TINE OF QCCURANCE
X/LT=-==8EC Y/RT---SEC 1----5EC R----SEL
HEAD (B~5) -48.1  .053 14,8 ,070 ~231.4 Qb1 51.8 .0S3
CHEST (6”S) -35.0 .049 -7.8  .047 13.4 .05 35.5  .04%
FENUR LOAD (LBS) 290, .019 0. 409

CUHULATIUE PERIOD FOR 40-G LEVEL = 0.000 SEC,

RIC = 201,35 DURING T = .Q44 TO .084 SEC.
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110
120
130
140
V130
140
170
1890
L1990
L2900
210
.229
230
249
.250
L2490
270
.280
.2%0
.300
310
L3290
.330
.340
330
L350
L3170
.380
LI90
400

HEAD
CHEST
FEXUR

TABLE A.16 (Cont'd)

TEST ID ------ UBLT-?
TEST DATE ---- 04-29-81
VEHICLE TYPE - MINI-SIZE
VEHICLE MASS = 2120, LBS. OCCUPANT - PASSENGER
IKPACT SPEED = 359.3 NPH 572-50% MALE DUMMY
IMPACT ANGLE = 0.0 DEG. RESTRAINTS - NONE
RESULTANT (G’3)  =------ §l----=-- FEMUR LOADS {LBS)
HEAD CHEST HEAD CHEST LEFT RIGHT
4 4 0.0 0.0 6.0 1.0
.9 .4 0 Q0 Q.¢ -6
7 .4 ¢ i) 0.0 21.9
1.0 1.0 1 .0 0.9 148.1
4.5 2.9 .2 .2 0.0 95.0
5.9 1.9 1t .5 0.0 155.6
5.9 2.5 2.4 .7 9.0 232.%
5.4 5.9 33.1 1.0 ¢.0 337.3
20.3 18.5 55.4 7.1 0.0 429.2
19,5 38.3 §7.5 97.4 0.9 122.2
10.7 25.2 82.¢ 1734 0.0 5.9
28.5 8.9 §2.8 189.5 0.9 -115.¢
9.1 2.4 123,46 189.9 0.0 -114.7
8.9 b.b 126.7 192.7 0.0 i2.8
4.7 4,0 127.0 193.3 0.9 8.4
4.5 2.4 129.3 193.4 0.0 -145.9
10,2 2.2 130.4 193.6 0.0 -51.8
1.7 3.8 134.8 193.8 0.0 -155.4
1,9 5.1 139.3 194.0 0.0 -132.6
19.3 4.4 1439 1944 0.0 -158.9
?.8 3.5 146.1 194.7 0.0 -153.4
9.4 2.1 148.7 194.8 9,0 -77.2
g.,0 1.4 150.5 194,59 0.0 -141.3
5.9 1.4 151.4 194.9 0.0 -144.4
5.3 2.0 152.4 194.,9 .0 -4.1
b.b 1.5 153.2 195.0 0.0 -165.9
7.4 2.7 154.5 195.0 0.0 <141.5
7.2 17.4 154.1 195.8 0.0 -144,8
7.8 5.2 157.9 197.3 0.0 -14,2
6.8 5.2 1591 197.7 5.0 40,7
7.5 5.3 160.3 198.2 0.0 26.1
bt 2.0 161.3 198.4 0.0 8.4
5.9 3.3 142.2 198.5 9.0 -137.4
6.7 2.9 163.3 198.7 0.0 -102.7
8.1 5.6 165.0 199.,0 0.0 -83.1
$.4 8.0 147.2 200.6 0.0 -40.4
9.4 5.1 14%.9 201.9 0.0 109.7
8.4 3.6 172.4 202.4 8.0 B4.7
g.é 3.0 174.2 202.4 0.0 -39,5
8.3 2.1 176.0 202.7 8.0 -7.%
7.1 1.5 172.7 202.8 0.0 -171.2
NAXIAUN VALUES AND TINE OF OCCURANCE
X/LT===SEC Y/RT==~SEC 1----SEC R----3EC
(6°S) -56.1 L0647 15,5 0867  =57.4 047 81.9 067
6" =331, 095 18,8 .084  -45,¢ 098 54,7 098
LOAD (LBS) 0. 409 540, ,079
CUMULATIVE PERIOD FOR 40-G LEVEL = 0.000 SEC.

HIC = 100.7

DURING T = ,047 TO .409 SE£T,
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PENDULUM TESTS OF MODIFIED WOOD POSTS FOR
BREAKAWAY CABLE TERMINAL

Background
During the performance of full-scale tests of the BCT Guardrail

System with minicompact automcbiles, it became apparent that too high a
force level was required to fracture the first post of the system. This
resulted in excessive vehicle damage and induced greater vehicle yawing
which, in turn, prevented it from "gating' behind the terminal. There-
fore, it became necessary to undertake a subtask to modify the post to
enhance its breakaway characteristics for end-on impacts without compris-
ing its capability as a cable anchorage for mid-span impacts. This was
accomplished by pendulum testing.

Test Procedures

The test was setup, as shown in Figure A.72 using the wood post
as an anchorage. It was installed against a concrete wall of the
pendulum facility with the anchor cable, bearing plate, and nut assembled
in the normal position. A brace against the bottom portion of the pest
provided lower moment reaction. A hook was installed on the other end
of the cable (away from the post) to engage a loop on the back of the
4000-1b., (1814-kg) pendulum mass when it was dropped from a 10-ft. (3-m)
height. This provided dynamic loading of the cable and post.

Test Specimen

Four tests with two wood post configurations were performed. The
first test was with an unmodified post to provide a baseline for evalua-
tion. The remaining tests utilized a post which was sawcut across the
anchor cable hole to a depth equal to half the post width (the steel pipe
section through the anchor cable hole was unmodified). Photographs of
each of the test specimens are shown in Figure A.73.

Results

Force-time curves from the tests are shown in Figure A.74. Test
EX-1 was with the unmodified post in which a 43-kip (181-kN) maximum load
was measured with no post fracture. The modified configuration post was
then tested, but in the initial test the lower post brace released and

the post rotated about the concrete after only a low load level was reached.
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Therefore, that test was undesignated and the post reused for the succeed-
ing test (EX-2). The specimen apparently did receive some damage in the
unreported test because it fractured during EX-2 not only at a slightly
lower level (and much sooner) than EX-1, but also failed at grade instead
of through the sawcut. For that reason an additional modified post test
(EX-3) was performed, and as seen in Figure A.74 developed a 47-kip (209-kN)
maximum load without fracturing. This was slightly higher than the 43-kip
(191-kN}) of EX-1. Thus the sawcut modification to enhance post breakaway

does not adversely affect its anchorage capacity.
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TEST WBCT-8

Purpose: Purpose of this test was to evaluate the performance
of the wood post BCT which had been modified to reduce its end-on impact
resistance. This was accomplished by a 2014-1b (914-kg) minicompact
automobile impacting the buffer end at 60 mph (96.6 kmph) and a O-deg
angle. The vehicle was offset such that impact occurred 15 in. (381 mm)
to the left of its centerline.

Test Installation: The test installation was similar to that of

WBCT-7 with two additional features shown in Figure A.75 (1) an additional
V-notch was cut in each of the corrugations of the W-beam rail on the
traffic side 2 ft (0.71 m) downstream of Post 1; and (2) the first wood
post was sawcut halfway through (in the 6 in. (152 mm) direction). Thus,
there were a total of 5 notched locations in the rail and these, in
conjunction with the sawcut post, were made to reduce impact loading.

Test Vehicle: A 1975 Honda Civic was the test vehicle, and it

contained twe 50th percentile anthropomorphic dummies in the driver and
front passenger seating positions, The driver dummy was restrained by a
lap and shoulder belt whereas the passenger dummy was unrestrained. Totzl
weight of the vehicle, dummies, and instrumentation was 2014 1b (914 kg).
Performance: Impact conditions were 59.3 mph (95.4 kmph) and a
0.2~deg angle. As shown in the impact sequence of Figure A.76, the
vehicle impacted the buffer end containing the wood spacer and fractured
the first post. The W-beam alsc fractured at the first notch allowing the
rail in the flared length to drop to grade. This allowed the vehicle to
climb on top of the rail initiating a launching trajectory. When the
vehicle reached the sedond post its elevated position caused the post to
rotate in a bending mode rather than inducing a shear type fracture, and
this contributed to further launching of the vehicle. The result was that
the vehicle pitched front upward, rolled onto its left side, then rolled
completely over landing in an upright position at an angle approximately
normal to the barrier 13 ft (4.0 m) behind Post 13. Maximum 50-msec
average accelerations measured during the impact sequence were 4.1 g (cine)
and 2.7 g (accelerometer) in the lateral direction and -7.6 g (cine) and

-8.3 g (accelerometer) in the longitudinal direction. A summary of test
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results is shown in Figure 27 and data from high-speed film analysis are
contained in Table A.17. Results of analog to digital conversion of
vehicle and dummy transducers are shown in Table A.18 and plotted in

Figures A.77 thru A.83.

Barrier Damage: As shown in Figure A.84, barrier damage consist-

ed of two broken wood posts, three bent rail sections, and a damaged

buffer end/wood spacer assembly.

Vehicle Damage: The front section of the vehicle, the top, and

left side were severely damaged by the impact as shown in Figure A.84,
Although the windshield was shattered by impact of the passenger dummy's

head, it was not thrown out until the rollover occurred.
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FICURE A.83 PRE-TEST PHOTOGRAPHS TEST WBCT-8
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Tmpact

FIGURE A.84 TEST WBCT-8 IMPACT SEQUENCE
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SHT'V

TABLE A.17

RESULTS FROM HIGH-SPEED FIIM ANALYSIS, TEST WBCT-8

YLREICLE €. G

TIME ARTER COLHELRNATESUFT)

THPACT (HFC) X Y
0,090 “t.hy LebD
01D -t.01 2atn
<029 -%.20 2465
£ 0130 -4.39 2.0
040 -3.6C 2.65
<U50 —2.t1 2.6y
-0kt -7.1C Zolh
.00 ~l.30 Pet 4
L0930 -.€95 2.%3
=070 -.03 cat3
. 100 (2 7.t
R R Val4 P
2o [ ) daut
- 130 2.41 Zabd
PR T 2.9¢ 2.71
« 150 3.50 2edY
o167 “al2 LE0
S17) 4.52 Z.d8
a0 5.0C 2.3
« 190 ek .00
20D AL J.0u
P t.4C J.17
«220 €425 1.25
230 .30 3.34
.24l 1.4 3. a2
-250 | N 3.50
. 750 E.ta 357
20V 5.04 J.h4
« 210 Gaha 1. 70
« 270 10.00 ER ]
+ 300 J.cl
« 310 3.486
R ay 3.1
330 3.9
S KD 4,02
« 350 4,09
<160 4.10
L3170 4,24
- 330 4.1,
. 390 9. 4C
<400 l4.56 Y]
410 12.41 a5
<420 1<.Pd hahl

SUFFARY LF YEHICLE KINCFATIC AND DYNAMIC D4TA

HEADING

ANGLE
(DEG)

21

<30

X
1.%7
2.11
Jol9
4.05
4.8
5.92
Ba82

7.67
#.45
Yalh
5.1
10.24
10.6%
10.37
Ii.z2u
11.36
Il.46

1i.49
Liaa7
11.19
Il.46
11.09
10.87
1C.60
10.23

G2

9.491

Ga0f
Haar
Hall
761
T.11
b.02
talS
5.9
Sadb
4.83

4.1)
3.0
I.42

VLHICLE VELOCITY

(F1/56C)
L{ING LAT
J6.96 .02
E4.178 -a91
82,413 -1.30
T4.94 =-2.10
77.49 -1.42
74.99 -4.57
7Z2.41 =%.617
69.38 ~he62
67.35 -1.3%
ha.494 -71.h3
82.99 ~8.01
60,31 -T.91
28,16 -7.93
Shalh -6.91
54,27 —4ell
92.97 -5.18
51.013 -4.21
49,467 -3.25
48.50 =231
47.52 -1.62
46,72 -i.05
46,11 -«t9
45.68 -.93
45,41 -.56
%429 -.76
45,219 -1.07
95,35 -le84
49.39 -1.80
45,713 -2.07
4%.70 =2.1%
85 ,J73 =211
45,08 -1.7%
4h.04 -1.27
4%.91 LT
49.649 -5
45,47 l1.62
4%.14 2.bb
44,94 1.96
44,19 .17
49,061 Ge40
h5.54 4.18
4f .30 3.55

2.10

WOOD PEST BCT TCST  whCT-g9

3/1/81

VERICLE ACCELERATIONIGTS)

AT TIME T

LCNG LAT
=h.tC .22
-7.11 e L
LR =-.41
~T7T.t1 --19
-T.46¢8 —«29
-T.t7 03
-7.tC 42
~T.48b - 91
-7.31 L.47
=7.1C Zelbh
-t.89 et
-6.5¢ j.17
-tb.2c J.61
-5.83 3.91
—5.41 4405
-4.54 4.0¢
—4.43 .81
-3.9¢C .42
—-3.3) .80
2.7t 2.22
-2.18 l.47
-l.61 =63
-1.CE -.07
-.6C -. 1%
-«1f -1.31
.15 -1.70
-39 -1.4%
51 -1.85
53 -1.59
«43 -l.14
alb -9
-.01 19
-.30 .91
~a2 1 L.54
-« 77 1.99
—afh 2419
.71 1.%94
a3z 1.32
«2b .30
i.cE -1.03
Z2.01 =2.4%7
2.B7 =3.£9
J.3) ~4.03

AVERAUVE
LONG

0.00

0,00

0.00
-7.40
-Ts56
=7.61
=797
=1.50
~7.36
-7.17

-6.93
—6.065
-6.33
-5.97
-%.56
-5.12
-4.6%
-4.12
=3.97
-3.03

-l.417
-1.92
-1.39
-.89
- .45
-.10
«-18
35
«43
<40

.28
.08
~.15
-39
-.58
~bb
-.59
~«233
=14
.79

1.51%
2.19
2.47

AYER .05 SEC.

LAT

.00
0,00
0.00
~.29
—«l7

<05

.18

.80
1.30
1.84

2.319
2+90
3.34
3.67
3.87
3.91
3.78
3.49
3.04
2.486

1.80
.08
.35
-.32
--4%0
—-1.34
-L.60
-1.67
-1.53
-1.70

=7l
-a12
a51
1.10
La55
1.77
L.69
1.2¢6
«49
—+55

-1.67
-2.55
-2.069

APPLUX. BARRIER
FUACES(LY)

X Y
131298, 482,
14309, Hlb.
14942, LUdk .
15262, 12054
15432, 1118.
15427, 97,
1s5327. 245,
15165, -312,
14%56. ~l424.
14701, —2424.
14350, ~3437.
14001, ~4332.
11%17. -5134.
12%12. -5174.
12167, -h098.
112712, -6k23.
10225. -5333.

3035, =-3237.
Ti2%.a 4301,
632F. -3274.
4390, =2UlY
3463, -119.
2107, Sofa
882. 1722a
-1594. 2bb4e
-549, 3)uB.
-1465%. 3943,
—-16B1. 3435.
-1%57. 2781,
-123¢, 2115.
-b50. Yud e
B3. —30ba
859, -1719.
19%&. =-2920.
2038, -377d.
Zlil. —41J3.
1830, -171h.
962, -29d3.
464, —bale
-2343, 1849,
4427, 46951
—blbt. 6946
-TL46. Thv98.



TABLE A.18

TEST WBCT-8 TRANSDUCER DATA

TEST 1D —-=--- ¥pCT-8 HIGHEST 50.0~-HS AVG. ACCEL.

TEST DATE ---- 08-072-81 TIME {SEC)

VEHICLE TYPE - NINI-SIZE 6°$ START END

IMPACT ANGLE - ¢.00 DEGREES = m-emse cemeen eeeeo

IKPACT SPEED -  84.97 FPS LONG. -8.32 109 . 139
LAT. -2.46 149 . 199

VEHICLE KINETICS SUMMARY
NOTE: VALUES ARE INSTANTANEOUS AT TINE

TINE VEH. aCCEL.(G’S) VEH. VEL.(FPS) VEH. DISP.(F)
(§) LONG. LAT. LONG, LAT. LONG. LAT.
0.000 .09 n 86.97 0.00 0.00 0.00
010 =10.06 19 84.05 03 .85 Qo
920 -7.78 1.74 831.43 o1 1,48 00
930 -17.23 1.64 80.72 -.23 2.56 .00
240 -1.38 2.43 77.61 .97 3.3 .01
050 -9.78 5.07 7T 1.80 4.09 .02
040 -2.98 -2.00 73.93 1.83 4.82 04
070 =140 4.37 73,25 2.14 3494 04
. 080 1.12 37 72.93 2.33 4.32 .08
090 -10.40t .77 79.30 2.39 7.03 aa
»100 .28 3.58 69.48 3.20 A .13
110 -5.94 -5.67 é9.02 4.24 8.3% A7
120 -4.41 W72 46.39 . 9.06 .21
130 -5.24 -5.15 §5.17 3.79 9.76 .25
1490 -7.08 .13 41.86 3. 10,37 .27
150 -14.85 -.71 59.08 4.33 10.9¢ .33
140 -1.48 -4.29 35.64 1.é8 11.55 .37
170 -8.29 - 14 54,41 2,38 12.09 .40
+180 3.82 -9.87 53.09 1.18 12,46 42
- 190 0% -.48 32.40 -.07 13.18 .42
.200 =1.7% 8.02 52.42 W13 13.49 42
210 -1.4¢ -1.1% 31.67 -.01 14.21 .43
.22¢ -.98 1.53 51.99 1.10 14.74 .43
238 -.23 7.15 52.00 1.37 15.27 A4
240 §.42 -8.44 51.70 2.14 15.78 b
250 =1.02 ~4.20 51,20 1.88 16.29 48
+260 -6413 =33 50.24 1,69 16,79 49
270 3.17 2,32 49.43 1.7% 17.32 W51
.280 1.82 -4.47 48.43 t.82 17.80 .33
. 299 ~1.40 1.74 48.43 1.45 18.28 .33
300 -.B4 2,37 48.34 1.33 18.76 .34
310 -.09 -2.24 47.32 131 19.23 .38
120 31.73 .43 44.37 1,43 19.73 37
L3340 -.05 -1.67 44.31 1,06 20.18 49
. 340 .42 t.14 44.66 .58 20.44 81
<330 A7 -2.05 44.84 .70 21.10 41
<3490 -1.14 07 47.30 .63 21.54 .62
.370 -1.77 .21 47.28 .37 22.Q7 .53
.380 1.4¢ -.29 44.95 45 22.53 .63
358 =5.0% - §4.90 .05 22.9¢ .63
400 A -.Bé 4.4 -.0% 23,43 .43
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TIKE
(SEC)

310
320
.330
340
L350
.360
370
380
390
400

HEAD
CHEST

TABLE A.18 (Cont'd)

R----SEC
7
A

104
1040

TEST ID -=---- YBCT-8
TEST DATE ---- 08-07-B1
VEHICLE TYPE - HINI-SIZE
VEHICLE MASS = 2014, LBS. OCCUPANT - DRIVER
INPACT SPEED = 359.3 MPH 572-50% HALE DbusMY
IMPACT ANGLE = 0.0 DEG, RESTRAINTS - LAB + SHOULDER BELTS
RESULTANT (5"S)  --=--=- §1-m=m--=- FEMUR LDADS (LBS)
HEAD CHEST HEAD CHEST LEFT RIGHT
.5 .3 g.0 0.0 -14,4 =3.0
b .2 .0 90 -14.4 3.1
1.4 - 0 W0 -14.4 15.4
2.9 2.4 0 .l -31.7 175.8
2.4 8.0 o 1.0 14,8 -15.2
3.3 13.0 .3 5.3 ~49,3 -37.9
3.0 15.4 .8 11.3 ~40.4 ~57.9
8.1 ?.7 1.5 15.3 -83.5 =70.0
6.3 3.4 2.3 14.9 -54.7 -33.3
6.4 3.1 4.4 17.4 -54.7 -21.3
3.4 3.2 3.0 17.9 9.8 9.1
1.3 2.8 7.9 20.3 -2.9 18.3
7.6 $.7 10,2 23.7 -48.°% -51.8
4.8 7.8 10.9 26.0 -14.4 =33.3
3.t 3.7 (RN 26.8 ~-14.4 -272.4
6.3 3. t1.5 27.0 -20.1 =6.1
4.3 .4 12.2 2741 ~14.4 -3.0
10.9 2.4 13.5 27.2 -B.4 ~13.2
9.1 1.3 15.% 27.2 -31.7 =3.0
6.2 1.3 17.8 27.3 -14.4 15.4
b.6 3.2 18.7 27.5 14,6 15.4
6.7 3.2 9.9 27.5 14,4 =9.1
6.3 2.4 21.0 27.7 -25.¢ -9.1
4.0 1.6 22.2 27.8 -23.9 =13.2
3.9 2.2 22.8 27.8 =144 -13.2
3.7 2.1 23.6 27.9 -8.4 -3.0
6.4 2.3 24.35 27.9 -2.? -3.0
6.7 1.9 25.6 29.0 -2.? 0.¢
7.2 1.3 27.0 28.0 -14,4 =3.0
7.3 ¥ 28.4 28.¢ -g.4 3.
5.9 .6 29.9 28.9 -14.4 3
7.7 ¥ I 28.1 2.0 3.
7.7 1.3 32.7 28.1 -14.4 3.1
8.0 1.2 34.3 28.1 -8.4 -3.0
8.3 1.2 161 28.1 -14.4 3.1
8.0 1.2 37.8 28.1 =14.9 -?.1
8.6 1.4 39.7 28.1 -25.9 0.0
5.2 1.3 41.4 28.2 2.8 -12,2
8.2 1.0 43.3 28.2 -8.4 -3.0
8.0 1.1 44.9 28.2 -8.4 -12.2
7.7 1.0 4.4 28,2 0.0 3.1
MAXINUNM VALUES AND TIME OF OCCURANCE
X/L7---8EC /RT---5EC 2----GEC
[Hrp 0.0 .409 =7.2 4720 -11.5 .18 1
(65) 14,1 040 5.5 .122 4.6 .039 1S
FEWUR LOAD (LBS) . 409 238. .029

CUMULATIVE PERIOD fOR

HIC =

43.3 DURING T =

054 70

40-6 LEVEL = 0.000 SEC.

.409 SEC.
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TIME
{SEC)

.220

1240
.250
260
270
.280
4290
300
310
.320
330
L340
L350
340
370
.380
390
400

HEAD
CHEST
FENUR

TEST 1D ~---m-
TEST DATE ----
VEHICLE TYPE -

VEHICLE MASS
INFACT SPEED
IHPACT ANGLE

RESULTANT
HEAD Iy

. .

N —
. - * &

—

O God o e B o e N B D G A BRI A PO G Gd O GO e S LA i = B @D OO 0 e O Gl DR
- - . - s e PR = s a4 ow a s .

« + o+ »

N 4 = O 0O 0NN NN O -~ ORROMUAURN OO OO0~ DN — W~ OO0

HAYIMUM VALUES
{678)

1678)

LCAD (LBS})
CUMULATIVE PER

HIC = 399.%

TABLE A.18 (Cont'd)

yBCT-8
08-07-91
WINI-SIZE
2014, LBS. OCCUPANT - PASSENGER
$9.3 WPH 572-50% MALE DUMMY
0.0 DEG. RESTRAINTS = NDNE
(6°6)  ====-m- §lmmmemam FEMUR LOADS (LBS)
HEST HEAD CHEST LEFT RIGHT
) 0.0 0.0 -3.4 0.0
3 .0 .0 8.1 -5.7
A 0 0 58,9 62.4
1,1 .0 .0 47,3 4.8
1.8 W W1 42.7 70.3
3.0 .3 .3 185,79 176.%
3.3 .5 A 138.4 111,
1.9 7 4 44,7 B&.2
4,0 19,9 1.1 102.8 167.89
B.4 15,0 2.4 252.9 254.0
15.0 48.9 &7 225.2 502.3
22.7 50.0 22.9 185,9 195.0
33.8 281.,1 104.4 222.9 145.5
7.3 795.0 195.2 225.2 1735
2.3 798.3 194.8 130.5 771
2.1 7$%.2 197.9 47.13 15.9
5.6 800.0 197.4 12.7 4.8
4.9 800.2 198.1 -28.3 9.0
2.0 800.3 198.5 -24.9 4.8
r 800.7 198,7 -17.2 -10.5
2.5 801, 1 198.9 -19.3 -5.7
3.0 861.4 198.9 -13.7 9.1
3.0 802.7 199.2 -14.9 18.1
1.5 803.35 19%.3 10.4 -91.3
2.3 804.3 199.3 1.2 13.4
2.0 804.4 199.4 -5.7 4.9
1.6 804.9 199.4 -1, 4.5
2.1 805.0 199.4 1.2 2.1
1. 86%5.2 199.4 =11 -1.9
1.6 805.3 199.5 -3.4 .1
2.1 §05.4 199,35 -3.4 Bot
1.5 895.7 1994 -9.2 -1.%
1.0 §8s.? 199.4 ~14,9 -5.7
1.2 805.9 199.4 -3.4 -1,9
1.0 804.0 199.4 1.2 -1.9
1.0 B0&.0 199.4 -5.7 -1.9
1ot 804, ! 199.4 1.2 1ol
1.4 804.3 199.7 -3.4 4.8
2.6 811.3 199.7 1.2 4.8
2.8 811.4 199.8 -9.2 9.¢
2.8 g11.9 200.0 -5.7 -1.9

AND TIME OF QCCURANCE
X/LT---8EC Y/RV---SEC I----8EC
-#8.9 .120 25.7 120 8.2 .120
-55.2 .119 t2.2 985 -13.1 192
e, .102 0. .09

100 FOR 40-6 LEVEL = ,004 SEC.

DURING T = 117 TO .123 3EC.
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TEST WBCT-9

Purpose: Purpose of this test was to evaluate the performance
of the wood post BCT which had been medified to reduce its end-on impact
resistance. This was accomplished by a 2040-1b (925-kg) minicompact auto-
mobile impacting the buffer end at 60 mph (96.6 kmph) and a O-deg angle.
The vehicle was offset such that impact occurred 15 in. (381 mm) to the
left of its centerline.

Test Installation: The test installation was the same as that

of WBCT-8 except the first notch in the W-beam rail (2 ft (0.61 m) from
Post 1) was deleted. This left 4 notched locations in the rail to form
hinges and these in conjunction with the sawcut first post were retro-
fitted tc reduce impact loading.

Test Vehicle: A 1975 Honda Civic was the test vehicle; it

contained two 50th percentile anthropomerphic dummies in the driver and
front passenger seating positions. The driver dummy was restrained by a
lap and shoulder belt whereas the passenger dummy was unrestrained, Total
weight of the vehicle, dummies, and instrumentaticn was 2040 1b (925 kg).
Performance: Impact conditions were 59.3 mph (95.4 kmph) and a
-1l.3-deg angle. As shown in the impact sequence of Figure A.85, the
vehicle impacted the buffer end containing the wood spacer and fractured
the first post. As it continued the vehicle began to vaw counterclockwise
and the right front section of the vehicle impacted the second post
fracturing it also. Vehicle yawing continued until Post 3 (the first
steel post) was contacted by the lower portion of the right door. Impact
with this post and Posts 4 and 5 caused the vehicle to reverse its vyaw
direction, and also to pitch nose upward at the same time. When the
vehicle returned to grade its trajectory was approximately parallel to
that prior to impact, and it rolled to a stop 2 ft (0.6 m) behind Post 14.
Maximun 50 msec average accelerations measured during the impact sequence
were ~-3.3 g in the lateral direction and -12.2 g in the longitudinal
direction. These were measured from accelerometer traces as a malfunction
(broken film) caused data from cne camera to be lost, and film analysis

could not be performed. A summary of test results is shown in Figure 30.
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Results of analog to digital conversion of vehicle and dummy transducer
data is contained in Table A.19 and plotted in Figures A.86 thru A.92.

Barrier Damage: As shown in Figure A.93, barrier damage consisted

of two broken wood posts, three bent steel posts, three bent rail secticns,
and a damaged buffer end/wood spacer assembly.

Vehicle Damage: As is also shown in Figure A.93, damage to the

vehicle front end was severe. Major structural and suspension damage were
sustained in addition to the extensive sheet metal deformation. Contact
with the steel posts caused some deformation to the lower portion of the
right door. Although it remained with the vehicle, the windshield was

shattered and partially dislodged by impact of the passenger dummy's head.

A.150



--‘:i;:—:«-v.rﬁdmum
T

FIGURE A.9%4 TEST WBCT-9 TMPACT SEQUENCE

A.151



ugc1-8 YEHICLE Xx-ACCELERATION

30.00

20.00

10.00

1C15)

X
B2

W T

S
T
—

ACCELERATION
-10.00 .

~40.00

o 30.00
it

.03 1.00 2,00 3.00 i, 00 5.00 §.00
TIME [MS1] «10

YEHICLE Y-RCCELERRTION

30.00
£
[4.]
"
—
]
w

(=]

=2

g

(=]

)

b \

=

=z

2§M| '\ , thﬁML

z HU v W WW T

= 4

Wl

-3

&e a ,

! T

c: 1

S

s

2

g

's.00 1,00 2.00 3.00 4, 08 5.00 5.00
TIME [MS) =10

FIGURE A.86 VEHICLE ACCELERATION PLOTS, TEST WBCT-9

A.152



40.00 60.00

20,00

wecr-g DRIVER HERD X-ACCELERATION 3 YsCT-9 ORIVER HEAD Y-RACCELERRTION
Qo
o

40.00

20,00

(Cre)

0.00

-20.00

—_—

ACCELERRTION

(L1S)

; N
'

0.00

-20.06

ACCELERATIDN

-40.00

60.00
Py
-

tc15)

RCCELERATION

.00 ¥, 00 $5.00 6.00 '0.00 1.09 4,00 5.00 §.00

2.00 1.00 ,
TINE (MS) «10

uBCT-9 DRIVER HERD R-ACCELERATION

[ =
[91]
(]
-
]
w
o
b ]
-
m
=]
X
™
D
(=]
~
1
n
m
0
m
r
m
0
n
-
qQ
z
£0.00

50.00

20.00
40,00

1C15)

0.00
30.00

20,00

ACCELERAT|ON

~f9 00

-40.00

10. 00

S SN —_——
—

. | | oot

2.00 1.00 4,00 5.00 5.00 % oa 1,00 2,08 1.00 u, 00 5.80 .00
TIME (MS) «10 TIME (MS) «]0

00

F&BO.OO

(=]
(=]

. G0

FIGURE A.87 DRIVER DUMMY HEAD ACCELERATION PLOTS, TEST WBCT-9

A.153



& WwBLT-9 DRIVER CHEST X-ACCELERATION & uweCT-39 DRIVER CHEST Y-ACCELERATION
3 — g r
l °
8 | S
3 | H
= ] ¥
|
] 1 _8
ng | #s
S 5 o
= i
o
:238 ‘ .g_g 1 e 2ot W"
=° ‘ =2 “\Jﬁmf““" j
(s o
t= =8
&2, urt
ok g
g 8,
3. : . gL
« i T "
| |
s 3
= 3
@ ‘,ar
'0.00 .00 2.c0 3.90 y, 00 5.00 5.00 a.00 1.60 2.00 3.00 i, 00 s.00 6.00
TIME (MS) *10 TIME (M3} =10
S usCT-8 ODRIVER CHEST Z-RCCELERRTION S uBeCT-9 ORIVER CHEST R-ACCELERATION
S T 3 T
|
a ‘ (=]
< =
o) | o
= T w
= [w]
=2 _5
Ln(o; nwg
S : =)
23 Mo | 52
Ea ‘\i"_ S A S P R Eg
= ! >4
“e | e
Cj,_-,' : we
[P ' b vUo
= : i 2
c | fadl
(=} o
I c
. | | A
Z l f = MM*
& - .
'0. 05 1.00 2.00 1.00 4,00 5.00 5.00 F.oe i.00 2.00 1.00 u 00 5.00 §5.00
TIME IMS1 =10 TIME MS) =10f
FIGURE A.88 DRIVER DUMMY CHEST ACCELERATION PLOTS, TEST WBCT-9

A.154



8 uBCT-9 DRIVER LEFT FEMUR LOAD
v

T T r ]

10,00

5.00

LB
0.0
1

LORD
-5.00

-10.00

.00

2 7

0.00 1.09 4,00 9.00 6.02

2.00 3.00
TIME (M3) =10

uBCT-9 QRIVER RICHT FEMUR LORD

15.00

10.00

107
5.00

0. 00
| =

ILBS)

L 0R0
-5.00

-10.00

L

2.00 3.09 4, 00 5.00 §.00
TIME MS) =10

o7 5. 00

FIGURE A.89 DRIVER DUMMY FEMUR LOAD PLOTS, TEST WBCT-9

A.155



2 WuBCT-S PASSENCER HEAD X-ALCELERAT!ION S WuBC1-¢ PASSENCER HEAD Y-RCCELERATION
3 gr
i
g 8!
g ! E
]
s _8
ng oo
e =
Z o Za
oe S=. Al A
=z AVLA .]l'l JF’\A g =a VV“V -
O = \’
= =4
purg= L‘Si
e o
[T L [
o0 \ T o
= @
g [| S
2 f s
s I g
s | 3
¢, 00 .00 2,00 3.60 4,00 5.00 6.00 0.00 l.co 2.00 3.00 4,00 5.00
' fime 3 -107 fime wm$i e10f
2 uBLT-3 PRSSENGER HERC Z-ACCELERRTION S ugCr-g PASSENCER HERD R-ARCCELERATICN
i T ] ]
g 3
S a
2 -3
g a3
(&) ! E
25 il 2 |
E:_,,,,xpva'uu, } . Z2- |
z WY i Y z i
e g ’
=2 i)
e g
U'? H (@R
: i S
8 ] 3 |
o 3
H = ] u 1
3 W"[ i
. [=]
2] , IL | : ) A I S
‘0.04 1.90 2.00 3.00 H’UU 5.00 £.00 c=0-00 1.00 2.00 3.G0 HiDD 5.00 g‘
TIME MS)  »lD TIME (M5 [0

FIGURE A.90

PASSENGER DUMMY HEAD ACCELERATION PLOTS, TEST WBCT-9

A 156

a0



8 wuweCT-3 PRSSENGER CHEST X-RCCELERATION S usCT-8 PASSENGER CHEST Y-ACCELERATION
a 2 .
2 8
5 o.
> -
5 g
Ge s
= 2
=z Zo
E§ ‘M.AJ h& 4l E: gl ot V.’\J\"\.‘@‘ PV Y
= “:E,a-(‘ VU = Ll | w
& | =2
Wo ! waea
== i =
et L 82'
g V ! x }
S ! g
5| 1 sl ',
d ; l
5 l =
S iy r
2 — — D —r ]
2,00 1. a0 2. 00 .60 47 00 5.00 6.00 2.00 1.00 2.00 3.00 4,00 5.00 6.C
TIME (MS) w! 0 TIME (MS) « !0
S usCT-9 PASSENCER CREST Z-ACCELERATION S uBCT-3 PASSENCER CHEST R-ACCELEZRATIAN
3 3
8 e
3 &
g _32
g o3
S =
Zo Z3
SSlaal A A e =<
= Y WV “V Z .
o= | a |
wo | ud |
- : oy — 1
W W i
o o= :
g l g
=2
8 | , 2
2 L : < |
v | T - J ‘
1 |
g i | . | ”’j\-\n
g 5 E S y
0. 02 . 00 2.00 3.00 %, 00 5.00 .00 D oo 1.00 2.00 3.00 v, 00 5, .
T1Me 1MS) =10t TIME (MS] +107 . E0
FIGURE A.91 PASSENGER DUMMY CHEST ACCELERATION PLOTS, TEST WBCT-9

A.157



uecT-9 PRSSENCER LEFT FEMUR LORD

I

15.00

10,00

5.00

10

MA e a

ILBS)
0.00

LORD
-5.00

-10.00

o 15,00

.aa 1.00 o 4,00 3.00 5.0Q

2.00 3.0
TIME (MS] =10

3 UBCT-3 PRSSENCGER RICHT FEMUR LORO
Ll

|

10.00

0.0

LOAD (LBS)
-5.00

-10.00

o 15.00

.0a .08 2.02 “3.00 ] 4,00 5.00 §.00

FIGURE A.92 PASSENGER DUMMY FEMUR LOAD PLOTS, TEST WBCT-9

A.158



65TV

et ady s

e i i Mo O

ey
T

T L

FICURE A.103 BARRTER AND VEHICLE DAMAGE, TEST WBCT-9



TABLE A.19

TEST WBCT-9 TRANSDUCER DATA

TEST ID ~»—--- VBCT-9 HIGHEST 50.0-%S AVG. ACCEL.

TE3T DATE ---- 08-24-81 TINE (SEC)

VEHICLE TYPE - NINI-SIZE G°§ START END

INPACT ANGLE -  €.00 DESREES eccmee comece ommmee

INPACT SPEED -  B4.97 FPS LONG. “12.19 013 .063
LAT -3,25 134 184

YVEHICLE KINETICS SUMMARY
NOTE: VALUES ARE INSTAMTANEQUS AT TIKE

¥
TINE VEH, ACCEL.(G’S} VEH. VEL.(FPS) VEH. DISP.(F)
(§) LONG. LAT. LONG. LAT. LONG. LAT.
2.000 -.08 -.24 86.97 0.00 0.00 0.00
010 -5.24 4.42 85.87 13 85 -.00
020 -8.72 4.70 84,04 18 1,69 00
030 -10.84 -5.58 B2.14 -.70 2.57 00
.040 -9.06 - .49 77.81 -.54 3,35 -.00
050 -25.80 14,462 AT .83 4.09 - .01
060 -11.24 4.85 64.78 1.43 4.77 .02
.070 -4.94 -2.64 $5.11 1.99 S.41 06
') -1.89 -3.58 YRR 2.45 &.10 29
090 -5.09 68 $2.98 2.64 §.72 11
L1900 -2.93 2.63 41,45 2.53 7.33 14
110 -5.75 1.74 59,88 1.63 7.93 .7
120 -10.95 84 57.71 4.19 8.51 27
130 8.4 4,92 54.85 8.87 9,11 .27
140 -5,75 -6.85 52.1 5.79 9.64 .33
150 -.93 -3.43 51.86 1.82 10.13 .3
160 -.12 -1.32 51.34 3.01 10,64 .42
470 1.80 -1.24 52.01 2.90 1,16 Y
180 2.13 1,99 52.48 2.10 11.72 W47
190 .35 2,25 53.05 1.70 12.24 A9
.200 =87 72 52.70 1.49 12.78 .50
210 -2.14 -t 44 52.14 1,35 13.28 .52
.220 -.% -.92 $1.42 1.42 13.83 .53
.230 .77 -1.84 5t.51 .80 14,33 .54
240 A3 -.43 51.70 .40 14,84 .55
.250 1.04 -.48 52.02 16 15,35 .55
L2460 -31.89 411 51.72 .58 15,86 .54
270 -4,98 3.01 49.95 1.54 16.40 .57
.280 -4.02 .48 48.31 2.33 14.89 .59
.290 -2.24 -.09 . 42.25 2.51 17.35 .41
300 -.73 -3.3 18,72 1.93 17.82 .63
310 1,82 -t.1é 47,16 1.17 18.28 .45
.320 .66 -2.15 47,98 74 18.78 .64
330 -.50 .04 48,03 .10 19,25 b6
. 340 -1,20 -.55 7,44 A9 19,72 .47
L350 ~.94 A0 47,19 W38 20.19 .87
L340 1.70 2.92 45,48 .42 20.45 .48
370 -4.13 -.28 I SY T Y 21,05 Y]
- .380 2.86 -2.24 16.43 .72 21,40 .45
.390 -.08 9 15.38 -.32 22,05 .49
400 -.15 -2.08 446.40 .12 22.51 .69
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VEHICLE NASS = 2040, LBS. OCCUPANT - DRIVER
IMPACT SPEED = 59.3 HPK 572-50% MALE DUHMY
IMPACT ANGLE = 0.0 DEG.
TINE  RESULTANT {§°§)  ===--ma§J-mmamm- FEMUR LOADS
(SEC) WEAD  CHEST HEAD T CHEST 7T LEFTT T
0.000 v 2 0.0 0.0 17,9
010 .8 " 0 .0 -3.5
.020 1.0 ¥ .0 .0 25.1
.030 2.4 3.1 0 .0 429.5
.040 1.9 17.7 2.3 3.7 125.3
.050 28.7 14,8 14.7 48.3 39,4
.060 24.6 11.2 80.0 75.2 74,0
070 3.1 12.2 149.2 81.8 -88.1
.080 11.3 6.4 170.1 84.3 -18.8
.090 5.8 5.3 172.0 85.0 3.5
.100 5.9 5.4 172.4 85.7 -38.8
110 3.0 4.3 172.7 84,1 -49.3
.120 4.4 2.4 173.2 8.3 -10.4
130 4.9 3.8 173.6 86,4 -10.4
140 3.8 3.2 173,9 86.8 -24,7
.150 4.0 3.9 174,2 87.0 -28.2
L1480 1.9 3.4 1744 87.2 -10.4
170 3.0 3.4 174.5 87.4 10.4
.180 2.8 3.5 174.7 87.6 -24.7
.190 3.5 2.7 174.9 87.8 -1.8
,200 4.4 2.8 175.2 87.9 -8.8
.210 2.9 1.2 175.5 88. 1 -24.7
.220 3.4 4.0 175.8 88.3 -22.9
.220 4.l 3.0 1761 88.5 -7.0
. 240 4,1 2.8 174.4 88.4 =17.4
.250 1.5 2.4 176.6 88.7 21,1
.260 2.4 2.8 174.4 88.8 -10.4
.270 1.4 2.9 176.6 88.7 -10.4
.280 2.0 1.2 176.7 89.1 -10.5
.290 (3 3.0 176.7 8.2 -10.4
.00 2.4 3.8 176.8 §9.5 -17.8
310 7.0 5.2 177.1 89.9 -45.8
.320 5.2 5.2 177.5 ?0.5 -3.8
330 5.3 4.8 178.1 ?1.2 -14.1
L340 5.0 4.9 178.6 91.7 -3.5
.350 5.9 3.9 179.4 ?2. -17.4
.140 7.3 4.0 1804 $2.3 -17.%
.370 8.0 3.5 181.0 ?1.4 -28.2
,380 4.7 3.2 181,37 92.6 -10.4
.390 2.1 4.0 181.4 ?3.1 ~10.6
.400 1.9 3.9 181.5 $3.3 =10,
NAXINUN VALUES AND TINE OF OCCURANCE
X/LT-=-GEC  Y/RT-~-SEC 7----SEC
HEAD (6°5) -4B.1 054 -7.7 L082  -27.7 061
CHEST (675) -35.3 .052  -6.4 052 9.7 .053
FENUR LOAD (LES) 430, 030 0. 409

TABLE A.19 (Cont'd)

TEST 1D —-=--- WECT-?
TEST DATE ---- 08-24-81
VERICLE TYPE - MINI-SIZE

CUMULATIVE PERIOD FOR 40-G LEVEL = 0.Q00 SEC.

HIC = 148.1 DURING T = .048 TG .073 S5EC.

A.l61
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RIGHT

RESTRAINTS - LAB + SHOULDER BELTS

R----SEC

491
341

054
052



TABLE A.19 (Cont'd)

OCCUPANT - PASSENGER
572-50% MALE DUNNY
RESTRAIHTS - NONE

TEST 1D =----- HBCT-9
TEST DATE ---- 08-24-91
VEHICLE TYPE -~ MINI-SIZE
VEHICLE MASS = 2040, LBS.
IMPACT SPEED = 35%.3 WPH
IMPACT ANGLE = 0.9 DEG.

TINE  RESULTANT ({G7§)  =-===--- §l-=-=m--
(SEC) HEAD CHEST HEAD CHEST
0.000 o4 o 0.0 2.0

019 .3 N 0 .0

020 .7 .4 .0 .0

030 3.9 2.5 o) W

.040 5.8 1.2 o4 o

.050 1.5 4.2 .3 oA

060 5.8 5.4 1.2 1.2

070 19.5 4.3 5.4 1.7

080 30.2 10,3 1.4 2.9

090 6.7 14.4 48.% 10.1

100 22.2 23.7 78.0 7.7

e 10.2 15.7 91.14 43.5

120 28.4 3.7 103.9 48.0

130 11.7 8.5 137.6 48.5

140 12.4 9.1 139.7 49,4

150 13,3 L 145,86 70.7

L1460 8.2 2.1 148.4 70.9

A70 7.4 3.4 130.3 71.0

.180 6.3 1.¢ 152.1 71.3

1990 4.0 4.4 153.0 7.7

.200 5.4 3.3 153.5 72.1.

210 bub 8.7 154.6 72.8

220 4.9 LRy 153.¢ 733

230 4.9 3.7 185.3 73.5

.240 3.0 2.5 155.5 73.6

.250 ¢ 1.9 155.4 73.9

L2480 1.9 4.0 155.6 74.3

270 3.0 3.0 155.8 74,6

.280 2.3 2.0 154.0 74,6

.290 2.4 1.5 154.1 74.7

300 5.3 3.4 154.4 74.8

310 5.3 2.0 157.0 75.0

L3320 3.1 2.3 157 .4 73.1

.330 3.4 3.3 157.8 73.3

340 3.3 4.3 158.4 73.7

L350 5.1 4.0 159.0 7é.1

L1490 1.8 2.0 159.4 74.2

370 3.7 1.9 159.9 74.3

.80 3.3 1.4 160.2 76.3

370 2.7 1 140.5 76.4

400 4.1 1.6 149.7 78,4

BAXIMUM VALUES AND TIHME OF OCCURANCE
X/LT---SEC 1/RT---SEC
HEAD (G’S) -35.4 ,078 18.8 .070
CHEST (678 ~24.3 104 11,1 ,094
FENUR LOAD (LES) 278, .035 0. .409

LEFT

=-27.6
-19.0
272.7
13.4
39.2
84.0
28.7
16.2
-4.8
-20.0
=29.5
~23.7
-10.5
-19.5
12.4
37.3
83.0
73.5
8.3
12.4
-12.4
-é.?
12.4
20,1

I----8EC
-28.4 .122
=17.1  .0%¢9

CUMULATIVE PERIOD FOR 40-G LEVEL = 0.000 3EC.

KIC

106.0 DURING T

Q064 70

L3 SEC,
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TEST WBCT-10

Purpose: Purpose of this test was to determine whether modifica-
tions to the wood post BCT to reduce its end-on impact resistance had
compromised the system's ability to perform as a longitudinal traffic
barrier when impacted downstream of the terminal. This was accomplished
by a structural adequacy impact test using a 4500-1b (2041-kg) automobile
at 60 mph and z 25-deg angle. Target impact point was the third post (the
first steel post) of the installation.

Test Installation: The configuration cf the installation was the
same as that used for Test WBCT-9. It was, however, re-oriented such that
the straight portion of the barrier was at a 25-deg angle to the vehicle
track,

Test Vehicle: A 1978 Ford LTD was the test vehicle, and it

contained two 50th percentile anthropomorphic dummies in the driver and
right front passenger seating positicns. The driver dummy was restrained
by a2 lap and shoulder belt whereas the passenger dummy was unrestrained.
Total weight of the vehicle, dummies and instrumentation was 4500 1b
(2041 kg).

Performance: Impact conditions were 58.1 mph (93.5 kmph) and a
24.9-deg angle. As shown in the sequential photographs of Figure 31, the
vehicle impacted the installation at Post 3 and was redirected slightly
before the W-beam rail fractured at the third notch location (between
Posts 5 and 6)., The vehicle then overrode Posts 4 thru 7 and continued
in a trajectory approximately parallel to and behind the barrier, stopping
37 ft (11 m) past the end. Maximum 50 msec average accelerations measured
during the event were -3.2 g (accelerometer) and -4.6 g (film) in the
lateral direction, and -5.2 g (accelerometer) and -4.8 g (film) in the
longitudinal direction. A summary of test results is contained in Figure
31; high-speed film analysis is shown in Table A.20. Results of analog
to digital conversion of vehicle and dummy transducers is contained in
Table A.21 and plotted in Figures A.94 thru A.100.

Barrier Damage: As shown in Figure A.101, barrier damage consist-

ed of one fractured rail section, twoc bent rail sections, and six bent or
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twisted steel posts. In addition, the concrete footing of Post 1 was
cracked and rotated slightly in the soil.

Vehicle Damage: Most of the deformation of the vehicle occurred

in the area forward of the front wheels (bumper, grill, and forward
portion of the fenders) as shown in Figure A.101. Both front tires were
cut and the rims bent by contact with steel posts and blockouts. 1In
addition, the windshield was cracked from impact by the unrestrained

passenger dummy's head.
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L] TABLE A.20

RESULTS FROM HIGH-SPEED FILM ANALYSIS, TEST WBCT-10

SUMHARY OF YEHICLE KINEAATIC AND OYNARIC Data ‘upon post BCY VEST  wecT-lo 9/18/81

VEHICLE C. G. HEADING YEHICLE YELUCITY .. YEHICLE ACLCELERATLUN(G™S) TAPPAUX. dARAICA
T1me AFTER COURDINATESI(ET) B ANGLE . LFT/SEC) .. AT TinME T CAYERALLE AVLR .09 Jll. tubat )

IMPACT(SEC) T {OEC) .. LONG .. .. . LAT LONG LAT . .. LOANG Lad X . v

0.000 -6.33 ~8,82 . 24.389 - B5.T? . 483 ___.-1.58 _.. —u94 ._ .  0.00 .00 RETTHN bo sl

<010 -5%5.%6 -4, Ah 25494 85,11 18 XS ¥ AR T A S 6.0 Kb sael, RPEPE

.00 -4.19 . =4.10 25.11 . . H&M3T . ~ebA. ... =2.Tb .. =2459 .. 6,00 0.00 . vlub. L3292,

030 -4.02 -3.75 25.09 8339 . =leST  __ ~3.33 . -3.32 Lol -2.39 1714, Lirid

.040 =3.20 -3.42 24.96 . 82.2% . =2.55 . __.=3.84 =3.94 =3.52 =-3.50 dlel. FASEYR

050 -2.31 -.L . 2419 80,95 ~3.52 __ _ ~%.26 . _ _-4.40 0 -1.97 402 Jide. PR

060 o =la?b. . .. . =281 . . . 24,30 79.55. i L—4.41 C —%.59 .. . =470 _ . =4.31 L =4a39 10108, 2idala

070 ~1.02 -2.593 23.18 ., 18,00 -1400 - 4.8L . -4.57 -8, LLu-e, Lo,

080 -.29 =2.28 23.08. ... T6.58 .. T ) BT TS £ PN P ] Y . —4.02 . Ll7do. . At

.00 Y] ~2.04 22.21 75.08 . =492 —4.4h =880, BRI Y Letav. YRR

. 100 1.1a -1.82 20,35 TI.bL . -bAS  —4.B4 4006 e W 4. lo Lansd, A

110 1.d5 =l.82 (20438 L L T2.19 o =6,39 ., ... -4.70 . =3ea9 TS -3.70 _ . 14459, Sl

122 2.34 o =1.44 19.2h 70.82 | —bebe  -%.50 0 2B -easL ~3.11 __ b4dnD. 1.

. .130 1.22 .. =1.27 .. 18.l4% . B9aF2. e =5 %8 _i.ou =428 _.i..-2,05 .. .. -%4.32 . =Zabl.o . .h3WAL, TR

. Y L L3900 -labd o A7.02  _ 6B.28 _  =4.65 __~4.0% Y P L L M B | Co=bebd | __1MiNT., )i

= 150 ... .56 PR L 15.90 _ ... 61.09 .2 =3.60 . __ =3.B2 _ _._.=.42._. .. _=3.4} e =87 L. 13%94. had’.

L\J‘J . l60 el L o=atl haand  65.95 | -2e38  __ -3.59 EEELE -3.68 ==t 1480, YTE

YD) 5485 . . __=abb . _. 13.82 .. b4.06._. .._=a99._. . —3e39_.. . _ 1.95_ =349 L W41 13939, =d8h.

L183 b6.AT =52 12,90 _ 63.80 .49 ~3.20 . 1Y . -3.20 Lel? 19%a9. 1.

s170 v 1209 .37 12.07 62479 L2000 =3.D2. .. 2407 .. _=3.1¢ Lebl . 19246, —b s

. 200 2469 e ~e22 . . 11435 LT 6leBO i1 3.50. . -2.86_., . 2434 . =2.93 . 2.92 14671, EIEFIR

210 .29 , _ . T.Ub CLOWT3 | B0GBT . 9.9 -2.70_ | 2.43  =lul 2.0 1393,

220 B.87 ... . ell 10.21 .. 59.97 . .. ba206 . ... -2s50 ... .. 2.34 . -2.8) o 2.21 Lil04. -4 347,

230 o %ah4 W28 9.8 _ 590 _TedZ . __ 72438 7,08 -2.87 Z.un IFIRYR 337,

240 - 10.0) . _ .45, Foh3 L SB.IA L. L0 8,39 . L.=2.22 ... . letit . ... -2.3L 1.13 Lio7a. -ui2).

+ 230 1u.4? .67 9.11 CST.6L CYel4 L =2.06 l.12 2415 1.29 1i81. “las

s 200 .. Mlel2 . 82 . 8.8e 56.92 9.67 . ..=1.89 .50 .. .=1.98 Y FI 1459, EETED)

.21 1l.66 ___. 1.+00 8.5 65.30 9.99 ~t.72 ~. 15 “1.41 At fr5n., HEEE

280 12.20 _ lsB 8.30 Se72 10.12 —1.5% - 77 ~l.03 ~adl hlul. fare,

g 290 12.74 . lade 1.9¢ L9520 10.11 -1,235 “1.2% . —lean By IFERR Sl
[.] . .

:‘3' . Juo 1.7 1.5% 7.9 54.7) .01 -1.1% “l.65 -1.2% 1.1 ISR DTN

=8 310 . 13.00 1.70 7.11 54.131 9.8Y% .93 ~1.31 -1.03 -1.52 METH aae. .

=6 320 14,132 1+37 6455 5§3.75 4.84 .71 -1.6Y ~.42 ~L.%% 21723, {eioe

o .330 14.85 2.02 5.92 53.64 9,95 -.50 -1.2u ~a B0 -1.20 1850. il

= . 180 1.7 2.18 5.22 51.)7 10.32 -3 ~.52 -.a1 e 12y, R

no 350 15.89 2.31% 4.46 53.19 1.0 -.l6 52 e lb 121 91U, BRPATS

.35 B0 16.61 2.48 1.6 52.1 12.09 -.0k 1.6¢ —uln 1.4l EWEN BRI
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TABLE A.21

TEST WBCT-10 TRANSDUCER DATA
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TABLE A.21 (Cont'd)

TEST 1D ~---~- UBLT-10

TEST DATE ==-~ Q9-18-81

VEHICLE TYPE ~ FULL-SIZE

VEHICLE MASS = 4300, LBS. OCCUPANT - DRIVER

IHPACT SPEED = 40.0 HPH 572-50% HALE DUNMY

IMPACT ANBLE = 25.0 DEG. RESTRAINTS - LAB + SHOULDER BELTS
TIHE ~ RESULTANT (6”S)  ===-==- §l-===--= FEMUR LDADS (LBS)
(5EC) HEAD CHEST HEAD CHEST LEFT RIGHT
0.000 .4 .0 6.0 0.0 20, 1.8
010 .7 .3 .0 .0 34.7 -19.3
020 .4 ) 0 0 23.8 5.3
L03¢0 1.1 .3 .0 2 ~1.8 -e.8
.040 .8 .4 .0 .0 16.9 -33.3
L 050 ) 1.2 .0 .0 20.1 -1.8
060 1.3 1.9 o o 14,4 -8,8
L0790 2.1 2.3 . .2 5.8 24,9
.089 1.2 5.2 .2 ¥ -32.5 -11.3
090 5.4 12.0 N 2.8 -14.3 -40.3
100 9.4 10.9 2.2 5.9 1.8 -15.8
10 9.2 10.7 4,4 10,0 -38.0 -40.3
120 1.9 4.4 7.8 1.4 -55.1 YN
130 11,9 5.4 11,5 1.9 ~54.2 -34.8
40 12.1 5.0 14.1 13,0 -55.7 -24.3
150 8.7 12.3 18.8 16.2 -59.7 -29.8
160 15.5 13.3 24.8 221 -36.1 -22.8
79 7.4 7.5 28.7 25.3 =27 .4 -3s.8
.18¢ 19.7 4.0 3.5 26.4 -19.9 -57.8
190 6.6 t.8 14.8 26.6 -21.5 -45.3
. 200 g.2 .7 35.7 26.4 -9.0 -26.3
L0 1.2 1.9 35,9 24,6 -1.9 -24,5
220 2.4 1.2 36.0 26.8 12.8 -15.8
L2310 1.6 1.2 36.0 26,9 1.8 -§,8
.240 2.9 1.2 36 22.0 -30.7 -1.8
.250 2.1 .8 34,1 27.0 12.8 -9.98
250 2.1 1.3 34,2 27.0 20.1 -8.8
.270 2.4 2.2 36.3 27.t -12.7 -19.3
. 280 1.7 1.8 X 27,1 7.3 -15.8
.290 3.9 .7 36.59 271 -27.1 ~33.3
L300 2.7 2.3 14.8 27.2 -27.1 ~34.3
L3110 5.4 2.3 17.2 27.3 -9.0 -34.8
.320 2.4 4.1 37.4 27.5 -15.3 -24.5
.33 3.0 2.5 7.4 27.6 -23.5 -26.1
L340 1,9 Id 37.7 27.8 -23.5 -29.8
350 1.4 2.8 7.8 27.%9 -15.1 -33.3
360 1.3 2.4 17.9 28.0 -1.8 -19.3
L370 1.6 1.7 37.9 28.1 -21.7 -15.8
.380 1.7 1.5 37.9 28.2 -21,9 -5.1
.390 1.3 2.2 38,0 28.2 -19.9 -5.3
.400 2.0 1.1 38.0 28.2 -1.8 -19,3

NAXTMUN YALUES AND TINE OF OCCURANCE

X/LT--=3EC {/RT--~5EC 1----5EC R----SEC

HEAD (G°§) -11,5  .187 8.1 179 -13.6 143 1.3 .159
CHEST (G“9%) -11.8 .10 -8.6 093 -8.7 143 13.9  .152

FEMUR LBAD (LBS! 93, .0%2 0. 409
CUKULATIVE PERIDD FOR 40-G LEVEL = Q.000 SEC.

HIC = 31,8 DURING T = .Q%3 T0 .19 SEC.
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TABLE A.21 (Cont'd)

1EST ID ------ uBCT-10
TEST DATE ---- 09-18-81
VEWICLE TYPE - FULL-SIZE
VEHICLE NASS = 4500, L3S. OCCUPANT - PASSENGER
IMPACT SPEED = 40.0 HPH 572-50% NALE DUNAY
INPACT ANGLE = 25,0 DEG. RESTRAINTS - NONE
TIME  RESULTANT (B’8)  ==-m-m- §l---==-= FEAUR LOADS (LBS)
(5€C) HERD  CHEST HEAD CHEST LEFT RIGHT
0.000 .3 N 0.0 0.0 0.0 .8
010 .8 o4 0 N 0.0 4.0
.020 .5 .3 .0 0 0.0 -2,0
.030 5 " .0 .0 8.7 -2.0
040 1.5 9 .0 .0 26.2 4.0
.050 b .1 o .0 0.0 4,0
060 2.2 2.0 o .0 2.5 -10.0
.070 1.8 3.2 .2 .2 330 48.5
.080 4.4 4.0 3 iy 52.4 7.2
L0990 4.4 5.4 2 .3 190,% 34.2
100 8.7 4.2 1.3 1.8 1471 269.8
10 3. 3.5 2.1 2.4 40.8 180.7
120 4.9 1.8 2.4 2.5 87.4 T25.0
130 8.1 4.7 4.4 2.9 122.4 132.9
140 8.1 7.1 25.6 6.2 125.3 109.0
150 19.9 8.4 56.4 7.4 147, 217.3
150 20.5 36.0 79.4 18.1 176.3 231.2
170 16.0 22.4 105.7 50.3 94.2 19.9
.180 9.1 5.9 112.4 58.¢ 75.8 29.4
190 2.7 2.7 113.0 59.2 51.0 .8
.200 1.4 1.9 113.7 9.5 21.3 -8.7
.210 2.3 2.4 113.8 55.6 -2.% -15.4
.220 2.2 1.9 113.9 59.4 3.3 -1.3
.230 2.0 2.4 14.¢ 59.7 2.9 ~15.4
.240 2.8 1.3 114,1 59.7 0.0 -2.0
1250 1.4 8 114.2 9.8 -2.9 -3.3
.260 1.5 1.5 14,2 59.8 -2.% 7.2
273 1.2 1.3 114.3 $9.8 4.4 -2.0
.280 1.5 2.3 114.3 59.8 20.4 11.5
.290 2.1 2.2 114.3 59.8 2.9 19.9
.300 1.4 o 114.6 9.9 2.5 7.2
310 4.4 1.4 114.7 59.9 2.0 4.0
.320 1. 1.7 114.9 0.0 2.9 2.4
(330 2.2 1.2 115.0 80.0 5.4 2.4
1340 3.2 1.2 115.2 50.0 0.0 4.7
.350 3.0 1.6 115.4 80,0 0.0 .8
.30 1.2 2.2 115.5 801 -2.% -4,7
.370 .6 2.8 115.3 40.2 -8.9 2.0
.380 1.4 2.9 115.5 40,4 2.8 -2.0
.390 2.0 1.9 115.5 80,5 -5.9 -2,0
.400 2.2 1.3 115.6 £0.5 -11.2 -2.0
KAXINUM VALUES AND TINE OF DCCURAWCE
X/AT---8€C  T/RT-=--SEC 1----SEC R----5EC
HEAD (§°S) -26.0 142 -20.7 .143  -41.7 133 43.7 .133
CHEST {6’S) -38.3 181 1509 132 -10.4 L1420 39,7 L181

FENUR LOAD (LBS) 431, .0%4 ¢, .40%
CUMULATIVE PERIOB FOR 40-G LEVEL = 0,000 SEC.

HIC = 94.6 DURING T = 132 TO .174 SEC.

A.176



TEST RBCT-1

Purpose: Purpose of this test was to verify the anchorage capa-
bility of the wood post BCT after modifications had been incorporated to
reduce its end-on impact resistance. This was to be accomplished by
impacting the barrier with a 4700-1b vehicle at 60 mph and a 25-deg angle.
However, impact speed was only 5C.5 mph (81.3 kmph) necessitating a test
rerun. For this reason only a minimum of data is presented.

Test Installation: Total length of the installation was 100 ft

(30 m) with a 37.5-ft (11.4-m) flared BCT system at the upstream end.
This transitioned into a standard G4S (steel post) guardrail system which
was anchored at the downstream end. Retrofit modifications which had
been incorporated to reduce the end—-on impact resistance of the BCT
included: (1) sawcut midway through the first wood post; (2) notches in
the W-beam rail at locations 3 £t (0.9 m), 11 ft (3.3 m), 23 fc (7.0 m),
and 36 ft (11.0 m) from the first post; (3) a wood spacer located inside
the buffer end. These modifications were developed in a previous FHWA
program and are shown in Figure A.102. In addition, two wire ropes were
nested in the corrugations behind the W-beam rail from just upstream of
Post 3 to just downstream of Post 8. These were attached to the W-beam
using special brackets as shown in Figure A.102. The wire ropes were
utilized to provide additional support of the notched rail for impacts
downstream of the terminal in which the rail must function as a tension
member.

Test Vehicle: The test vehicle was a 1978 Ford LTD with a test

inertia weight of 4535 1b (2057 kg). A 50th percentile male dummy was
placed in the driver's position and restrained with lap and shoulder
belts. Gross test weight was 4700 1b (2132 kg). |
Performance: Impact conditions were 50.5 mph (81.3 kmph) and a

25-deg angle. As shown in the sequential photographs of Figure A.103

the vehicle impacted the barrier at Post 3, deflected it rearward and

was then redirected, losing contact with the rail 2 ft (0.6 m) downstream
of Post 8. The vehicle then centinued in a trajectory away from the

barrier for a short distance, then it swerved back into it, making slight
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contact and finally stopping adjacent tc Post 1l4. Due to the vehicle
being underspeed and a retest required, high-speed film analysis and
analog to digital conversion of accelerometer data were not performed.

Barrier Damage: As shown in Figure A.104 the barrier between

Posts 3 and 8 was deflected rearward and requires replacement prior to
retest. The concrete footing of Post 1 rotated in the soil and will
require realignment and retamping. Although the vehicle made secondary
contact with the barrier near Post 14 no damage resulted from it.

Vehicle Damage: Vehicle damage, also shown in Figure A.104 con-

sisted mostly of sheet metal distortion and suspension damage in the left
front quadrant. In addition, the left rear tire deflated during the

impact sequence.
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TEST RBCT-2

Purpose: Purpose of this test was to verify the anchorage capabil-
ity of the wood post BCT after modifications had been incorporated to
reduce its end-on impact resistance., This was a repeat of Test RBCT-1 in
which the impact speed was only 50.5 MPH (81.3 kmph) instead of the desired
60 MPH (96.6 kmph).

Test Installaticn: The configuration of the test insta-lation was

the same as that of Test RBCT-1. Barrier Damage sustained in that test
was repaired.

Test Vehicle: A 1978 Ford LTD was the test vehicle. Inertia weight

cf the vehicle and instrumentation was 4555 Lb (2066 kg). A 50th percentile
male dummy was placed in the driver's position and restrained with lap and
shoulder belts. Gross test weight was 4720 Lb (2141 kg).

Performance: Impact conditions were 58.7 MPH (94.5 kmph) and 26.8
deg. As shown in the sequential phetographs of Figure 34, the vehicle
impacted the installation at Post 3, deflected it rearward and pocketed
causing rail fracture at the notch between Posts 5 and 6 and post fracture
at Posts 1 and 2. The vehicle then overode Posts 4, 5, and 6 and continued
behind the barrier where it impacted a camera stand and stopped approx-
imately normal to the barrier 40 ft (12M) past the downstream end. Maximum
50 MSEC average vehicle accelerations taken from high-speed film analysis
were ~4.7 g's in the longitudinal direction and -3.7 g's in the lateral
direction. A summary of test results is contained in Figure 35 and
Table A.22 contains film analysis data. Analog to digital conversion of
accelerometer data is contained in Table A.23 and plotted in Figures A.105
thru A.108.

Barrier Damage: As shown in Figure A.109, the entire barrier up to

Post 8 was damaged and required repldcement. The footings at Posts 1 and
2 were rotated slightly in the socil and required realignment and retamping.

Vehicle Damage: Vehicle damage, as shown in Figure A.110 was con-

fined mostly to the structure forward of the front wheels, and some
suspension damage. Sheet metal deformation on the right front corner of the
vehicle was caused by the secondary impact with the camera stand and should

be disregdrded.
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FICURE A.110 VEHICLE DAMAGE, TEST RBCT-2
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TEST RBCT-3

Purpose: Purpose of this test was to verify the anchorage capabil-
ity of the wood post BCT after modifications had been incorporated to
reduce its end-on resistance. This was accomplished by impacting the
barrier with a 4500 1b (2041 kg) vehicle at €0 mph (96.6 kuph) and a 25
deg angle.

Test Installation: The test installation of RBCT-2 was repaired

and used for this test except that the anchorage cf the two backup wire
ropes was strengthened to reduce barrier deflecticon. As shown in Figure
A.111l, the upstream ends attached to a flat plate bracket mounted near
grade on Post 2, whereas the downstream ends were connected tc the block-
out of Post 8. In addition, the wire ropes were attached with U-Belts to
the blockout of each interim post.

Test Vehicie: A 1978 Ford LTD with test inertia weight of

4527 1b (2053 kg) was the test vehicle. A 50th percentile male dummy was
placed in the driver's position and restrained with lap and shoulder
belts. Gross test weight was 4692 1b (2128 kg).

Performance: Impact conditions were 55.% mph (89.9 kmph) and a
24.9 deg angle. As shown in the photo of Figure 37, the vehicle impacted
the installation at Post 3, deflected it rearward and was redirected
approximately parallel to the barrier. During the sequence, the wvehicle
rolled (away from the barrier) and pitched such that it lost contact with
the W-Beam rail, but made secondary contact on top of the barrier after
being airborne for 26.2 ft (8m). The vehicle then slid to a stop 44 ft
{(13m) past the end of the installation in an attitude approximately
parallel to the straight portion of it. Maximum 50 msec average acceler-
ations taken from high-speed film analysis were — 4.9g in the lateral
direction and - 7.5g in the leongitudinal direction. A summary of test
results is shown in Figure 3& and Table A.24 contains film analysis data.
Analog tc digital conversicn of transducer data is tabulated in Table A.Z25
and plotted in Figures A.112 thru A.115.

Barrier Damage: As shown in Figure A.116 the posts blockouts and

W-Beam rail between Posts 3 thru 7 was damaged and required replacement,
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and the footing at Post 2 rotated in the s0il slightly and required
realignment and retamping. In addition, Post 12 and its blockout were
damaged when the vehicle made secondary contact with the installation.
Barrier Deflection measurements are contained in Table A.26.

Vehicle Damage: As shown in Figure A.117 most of the vehicle

damage occurred at the left front corner. In addition to the deforma-
tion of the fender, hood, and grille, considerable suspensicn damage
was sustained by the left front wheel. Also both left side tires were

deflated during either initial or secondary contact with the barrier.
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FIGURE A.113 DRIVER DUMMY HEAD ACCELERATION PLOTS, TEST RBCT-3
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FIGURE A.114 DRIVER DUMMY CHEST ACCELERATION PLOTS, TEST RBCT-3
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FIGURE A.115  DRIVER DUMMY FEMUR LOAD PLOTS, TEST RBCT-3
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FIGURE A.117 VEHICLE DAMAGE, TEST RBCT-3
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TABLE A.24
HIGH-SPEED FILM ANALYSIS

TEST RBCT-3
SUMMARY Ui VEHLCLE KINERATIC AND DYNAMIC DATA WOOD POST 6CT TEST  RBLT-3 12710781
VEHICLE L. 6. HEAULTING YEAICLE VELOCITY VEHILLE ACCELERATIUNIG™S) APPRUK. UBAKRIER
TIHE AFTER COQROIMATLSETY) ANGLE (FT/SEC) AT T1HE T AVERAGE AVER .05 SFC. FORCESELB)

IRPACTINEC) K Y (LG} LONG LAY LONG L&Y LONG LAT X ¥
0.000 -2.00 -5,60 24.817 4.2 -1.19 -2.43 ~2.10 0.00 0.400 Sadla L4074,
010 =1l.26 ~-3.28 29.617 gl.00 -1.75 -3.34 -2.85 0.00 0,00 8369. 1d04b.
020 -a52 -4.496 24.41 19.178 -2.38 -4.23 —-3.3% 0.C0 0.00G 11172, 21749,
L0300 «2 ~4.b66 24.07 18.30 -3.017 -42.07 -31.40 -4.54 ~3.52 11614, 2500l .
- 040 54 ~4.38 23.66 76.57 -3,80 ~5.82 —4.17 ~5.35 ~3.92 1534, 27381,
0503 1.65 ~4.12 23.18 14.61 ~4.56 —b.té -4, 48 -6.02 —4.206 Ldu90, 30] 34,
.060 2.35 -3.87 22.613 12.51 -5.33 -6.97 -4.170 -6.58 -4.53 20921. 31711,
.070 2.03 ~}.66 22.02 10,26 -6.10 —T34 —4. 84 -7.00 —-4.72 22586, 3210
.03n .69 -3.46 21.33 67.94 -£.085% -71.50 -4.90 -7.29 -4.83 23827, diila.
0920 4o 34 ~31.29 20.54% 65.58 -1.%6 -1.b4 -4.8d =7.44 ~4%.80 244623, 312844,
100 4.917 =3.14 19.79 63.21 -8.22 ~1.58 -4.178 ~Ta45 ~4.81 9L, ERR T EM
=110 §.59 -3.02 18.95 60.95 ~-8.82 ~1.39 —-4.61 =7.33 -4.68 248b4. 10249,
-120 &.18 -2431% 18.05 58.164 -9.31 ~7.08 -4.,147 -7.09 ~4.49 24334, ¢al10.
- 130 4.2 -2.613 17.12 56.70 -5.75 -6.66 -4,07 -6.74 ~4,23 43409, 26484,
» 140 7.1313 -2.16 16.16 54.79 -10.07 -b.l7 3. 72 -6.30 -3.92 £2130. 23938.
« 130 7.87 -2.72 15.17 531.07 ~10.28 -5.A1 -31.13 ~5.79 -3.%6 20548, 21180.
-160 8.40 ~2.48 L4.17 51,55 ~-10.37 -5.00 -2.91 -5.23 =3.16 16718, 18304.
-170 8.92 -2.b6 13.15 50.22 -10.33 —4,37 —2.47 ~4.61) -2.74 16700, 15397,
.180 G.43 -2.66 E2.14 49.140 -10.148 -1.171 -2.03 =-4.01 -2.31 l495%¢C. L2542,
=190 9.93 -2.66 1.1 48,18 ~-9.90 -3.10 ~1.41 -3.139 -1.89 12349, PLEEIN
2200 10.41) ~2.646 1a.12 47.45 -9.52 -2.44 -l.2@ -2.179 -l.47 L0138. fi21.
210 10.89 -2.68 9.13 46,90 -§.03 —1.92 -.81 -2.22 -1.09 7980, 5079,
2220 11.37 -2.69 daléb 44.52 -8.46 -1.39§ ~-« 50 -l.68 —a 14 39217, 3147,
+230 Ll.b4 -2.71 1.25 446.28 -7.83 —.913 -.23 =-l.20 ~ad44 402%. L2b3.
240 12.131 -2.73 6.36 46,16 -7.15 —52 ~.02 -e17 -.20 231tl. 344.
+230 12.117 ~2.15 2.51 46.16 =b.44 -.17 «13 -<40 —.02 dlé. —493.
«260 13.24 -2.17 4.71 46.213 -5.74 «11 «20 -.08 .10 ~438. —%62a
« 270 13.71 -2.19 1.96 46438 ~-5.07 »31 22 «17 .15 -144l. -104d8.
. 280 14.17 -Z.81 3.20 46.97 =4.44 -49 .17 =36 +l4 -214860. —d9b.
2290 14.64 -2.83 2.61 46.74 -3.88 +h0 <07 =49 -07 -26B4. ~43l.
- 400 15411 -Z2.84 2.04 47.01 -3.41 =65 - 08 <57 ~.U4 —2944. 224,
=310 15.58 —2.886 1.53 41.27 -3.04% «65 -.26 <61 .19 -2984. 1099.
<120 16.06 -2.64 1.08 47.50 -2.78 ab2 -+ 46 60 —e 17 ~2843. 20138,
-130 16.513 -2.90 .68 47.71 =2.563 59 =67 =26 ~a 30 -2543. 3uas,.
a 340 L2.01 -2.92 .33 47.39 -2.59 -4b -.87 - 49 Y -2124. 3928.
- 350 17.49 ~2.94 204 48,04 -2.66 « 36 -1.0% +40 ~«913 -1b26. 4741,
=300 17.91 -2.9¢ -.20 4B8.14 -2.82 =24 -l.1% - 30 —-l.08 -1087. 5198,
=370 18.45% -3.G0 -.39 48.21 -3.06 .13 ~1.29 =19 ~-k.l19 -5%46. 2d1l.
=380 18.34 -3.04 -+55 48,25 -3.35 02 -1.33 .09 -1.25 ~45. 6008,
-390 15.42 ~31.04 -.67 48.25 -3.b7 -.07 -1.30 -.01 -l.26 390. 5898,
- 400 19.90 ~J.12 -.11 48.22 -3.99 —sl3 ~1l.21 — 09 -1.20 7132. 29084,
~41l0 20.148 -3.17 -.85 48.172 -4.29 -.24 =-1.06 -.13 -1.04 940, 47a1.
420 20.86 =-3.22 =.92 468.11 -4.54 —-.22 =< 85 ~-a 18 - 90 10€6. 3ald.
«4130 21.34 -1.28 -.99 43.04 —-4.71 —a22 -.58 —20 -.67 1048. Zbib.
440 21.82 -3.34 -1.06 47.94 -4.HU ~-20 28 —«19 —-40 915. 1248,
=450 22.130 -3,39 —l.14% 47.93 -4.7 -e15 .04 --l6 =all 689. —-249.
<400 22.14 —3.43 -1.23 47.89 -4.62 —a1l0 37 -al2 .19 196 -Llbhl.
470 23.26 -1.51 ~1.3% 41.88 —4.30 -.03 <60 —+ 00 <48 a2. -3001,
. 440 23,13 -3.56 -l.48 47.49 -3.99 .02 «91 =.01 «73 =-213. -4l2d.

<420 24,21 -3.61 —l.04 47.92 -3.53 07 1.09 =03 -92 -437. -2913.
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- 500
-510
«520
«5130
-340
=950
«560
570
2530
« 390

<600
.610
«620

24.49
25.17
25.65
26,123
26.060
271.08
21.5%
28.0)
28.50
28.917

24.43
23.86
30.15

=-3.b6
-3.70
-3.74
-3.70
~3.681
-3.4%
-3.88
-3.92
=397
-4.02

-4.07
-4.1s
-4.21

-1.43
-2.01
-2.25
-2.48
-2.71
-2.93
-3.13
-3.30
-3.42
-3.49

-3.51
-3.46
-3.37

RIGH SPEED FILM ANALYSIS
TEST RBCT-3 (cont'd)

47.95
47.99
46,00
44.00
AT.94
471.81
4T.656
At.41
47.10
4675

46.139
46.09
45.97

TABLE A.24

-3.01
—2.47
~1e95
-1.51
-1.18
-1.04%
=110
~1.39
-1.90
-2.58

-3.31
-3.90
-4.006

.08
«06
«00
~ald
-lz°
-.45
b7
-.08
-l.U6
-l.14

-1.08
-+70
.06

.18
.12
« 94
82
-17
~. 40
~1l.03
—-l.b4
—Z.14
~2.317

~2.13
-L.17
B4

-« 04

«03
-.01
=10
-.23
-39
-.57
-a15
-+90
-7

-.89
-« 56
«13

1.03
1.03
«91
+ 66
-28
- 19
=13
-1.27
—l.71
~1l.91

-1.70
~.83
«99

-535.
—-459,
i T
Jo6.
1145,
21171,
32710.
4409.
5351.
2802,

5359,
3487,
-500.

=5232.
-505%.
—4254%,
~2828.
-804.
1694,
$473.
1200.
9337,
10405.

Y349.
5102.
~-3262.
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TABLE A.25

TEST RBCT-3 TRANSDUCER DATA

7257 (D me===— RHCT-3

TEST DATE ~w=w- 12-10-9t
VEMICLZ TYPE - FiiL ailf
IAPALT ANGLE -  13.0Q DEGREZ:Z
I#3aCT SPEED - §..a7 FPS

QCCURANT RISK SUMHARY
NOTE: AWG. ACCEL. 7GR FRIZ? .30 32C. CALCULATED
FROM VEXICLE VELICITY CHamdi

TIAE GeldP. ACCIL.(G°8) QCLCUP. VEL.(FP3) CELUF. DISP.LF)

(5) LONG, LaAT, LOXG. LAT. LONG. LAT,
G.4900 D) 0.09 .00 J.00 0.90 ¢.0d
Ot .27 -.02 -0 il v} 6
910 -.31 -.98 .08 33 «40 20
038 -1.32 -1,43 ] -+ .30 d0
140 -1.49 -3.08 1.17 1.49 1] 01
250 -2.2% -3.12 1.90 2.4 AT Kik]
969 -3.59 =373 .04 1.33 .08 T
070 -4.55 =3.00 _4.48 4.30 .09 Y
080 6.5 -3.43 -1 s.22 A2 .15
70 -a.d0 -2.42 3.5 4,31 2e L3t
.100 =032 =1,38 190,30 3.%9 +32 a7
AT =444 -1.7% 11,71 §.79 .43 .33
L0120 -3.98 2.3 13.32 ?.47 W23 T
30 0 =4.36 =3.40 13.70 19,1t R .23
2140 =10.21 -5.57 13,73 12,99 .88 .87
130 o, 04 =2.5G 20.37 13.78 1.37 .80
140 -4.02 -5.05 22.14 15.33 1.28 s
«170 2,73 1.98 23.48 15,04 1,51 HY
.183 4,09 =2.48 24,484 2.13 H 1.2
190 4,37 =3.38 24,462 17,01 2.0 1.42
- 200 =5.,73e -.59 7.84 tr.29 .27 13
210 =5.47 -4,29 29.37 18,43 2,38 1
.220 114 “1.44 29.94 19.21 .87 1.97
230 =3.47 -1.3% 31.94 19,79 1.7 .14
740 -7 =2.48 31.30 20,87 J.48 b
.30 -2.30 =3.32 12,403 21,42 .74 2.3
(1] ~1.23 Paad Ji.44 A PED] 4.40 i
a9 DE -3 32,34 g 4 4,43 346G
C k30 -1.13 -3.4° 35.20 23,43 4,73 3.
290 ~ed -1.4% 33.29 22.9% 1.10 .44
300 ) .80 13.2! 23,17 31.43 J. 46

HIGHEST $0.0-#5 AvG. ACCEL.

TIHE (SEC)

] START 104
LONG. 4,64 088 138
Lal. =458 104 154
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TABLE A.25 (Cont'd)

TEST [0 ==we=- Z8C7T-3

TEST DATE ==== 1l=10~3t
JERILLE TTFE = Flu. 3IEE
[HFACT ANGLE -

TAFACT SPEED - d1.q7 7R3

VERICLE Kin
AT VALUE

i
A

£
N
s

TIdE JEH. ACLEL (G- D)
13 LGHa LAT.
7.3 W08 ~.
L0190 .20 -.36
020 -1.79 -1.12
238 -1.32 -2.58
L340 =1,48 4,24
b =3.47 =132
N -4,3 -3.77
070 -2.0% -1.%61
.28¢ -8.37 - =111
Q80 -8.5% -1.23
QU 3 =403
AL -3.24 ~7.43
S22 -3.41 -2.33
L1390 ERIh) -5.29
140 =533 3.36
W13 “1.39 -3,82
180 =-3,02 .21
W78 ~2.3% 1,33
180 ~1.30 ~4.637
L1978 -12.15 -3.37
L200 ~4.%4 ~4,87
.=10 2.38 -.99

L2290 ~7.57

L2140 =2.3 47
L2509 s -.24
AT -1,22 1433
270 -4.25 4,21
.280 i3 -I.1
.20 7 ~{.87
eI a4 -.31
GOCUP. RISK FACTORS

JLORG, VEL, AFTER 2,0 FT

AT, VEL. AFTER 1.0 FT

7LONG, ACCELERATION
AAT. ACCELZRATION

CS SUBNARY
RE IHSTANTANEDLE #7 TI4E

.30 =-.04G
| .ai -9
2.47 - i
338 -0
4,93 -.93
4,33 -.94
3.40 L]
a.41 - i3
.14 -2
7.5 -7
3,34 .t
7,22 - .44
7.33 -.33
10,34 -.4
thai? TR
1HT7 -4
11.34 -1,9%
13,78 1423
3. 13.32 R R )
g£3.3% 14,05 -1.33
f2.12 14.57 -l.0
51.73 =-i9.21 19.13 -1.%4
$0.493 -19.79 15.43 =18
30.5% -1.57 18443 -1.33
49,44 =21.42 la.ae -2.36
i9.2 =1 Tt =177
48,35 R ] 17.33 <3420
43.49 -22.45 PR ~Zodi
48.40 =22.%9 t3.23 = T.es
18,45 =33.17 “9ods =330
TiMES) JELAEIT =7 rS)
TEST HORMALIZED
Jisp. == 190 23.78 N/ A
2I3p, ~-- V183 13,23 WA

TIRE(S)

Wl G785

Reproduced from
best available copy.
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TIHE
15EC)
.00

A0

.220

U39

L0

s

el

070

280

L0980

e

S

2129
L1130
.40
L1530
Lied
70
180
90
300
i
L220
L339
.240
.150
L2560
L2370
.180
290
L300

TEST I ----

TABLE A.25 (Cont'd)

<= kBLT-3

TEST LATE -=--- 12-10-1

VERICLE TYPE

VEHTCLE MAS3
IMFACT S7EZD
[AFACT ANGLE

.
oLy b
B L A R N N s L L LR VY, |

- FULL 51.E

= 4472, LBS. OCCUFANT - TRIVER
= 55.7 AFH 372-50% HALE DUMKY
= 35,9 DEG. RESIRAINTS - SHOULDER + LAP BELTS
(G §)-===--  ~-oe- CHEST (6°3)----- FEMUR LOADS (LBS)
¥ 1 X Y z ILEFT RIGHT
-2 -1 ) - .2 -1t.8 4.0
.2 o 0 .0 A 25.9 5.2
-.9 -t .2 .4 .3 25.¥ 83.7
V.9 o .0 4 .3 =70 0.0
-1.2 . - .2 o 2.4 -19.3
-1.2 -1 -3 -.5 .2 -13.5 10,3
“t.t .1 -.3 -.3 .8 -21.90 5.2
“1.4 - -6 -4 .7 -34.9 -15.4
.3 =.1 -.3 -.3 1.4 -11.4 3.2
1.2 -0 -1.4 -9 1.6 48.2 10.5
-7 -t ~3.4 1.9 2.3 135.3 146,35
-7 B ~4.6 -2.8 3.4 53.% 104,64
-.2 -1 -b.6 -1.8 5.7 16.5 5.2
“1.§ =102 -5.7 5.3 7.1 -44.3
-1.8 E B E -6.14 3.7 127,90 “§1.7
1.5 S =122 -2.8 1.4 1.2 -FFa2
15.5 -1 =11.5 -5.46 -l 44,7 -41.,2
4.7 - =122 ta9 -1.4 43,7 -56.b
2.1 o1 -13.8 2.0 -2.4 -41.¥ -41.2
18.0 b =ld.7 «2.2 -2 ~7.0 -25.;
15,8 g0 13,3 1.9 2.6 19,40 -10.3
13,4~ -,1  -10,0 -4.2 4.8 -16.3 -25.7
10.4 - -6 -3.3 3.7 3.4 0.0
-5.3 -1 -1.4 -.9 3.9 1.4 -35.7
-8.4 -1 .2 .8 3.2 -11.0 -15.4
-7, -1 -1.5 .4 1.0 ~25.5 -30.9
-5.4 -1 -3,1 0 1.4 -11.4 -23.7
-7.1 -t -4.2 -7 -6 -16.43 -30.9
-9.4 - -5.3 -1.3 -1.5 -2.3 -30.9
5.4 o -3.4 -4 -1.9 -14.9 -14.0
-2.3 i -.3 -1 -1.7 Tt -30.7
A It VALUES AND TEHE OF OCLURANCE
A/LT---3EE VRT --5EC I-men3
HEAD (575) -28.3 .219 -I4.7 LiTO -
CHEST 15 %) -16.5 1% -6 180 7.3
FEAUR LAAD (LBS) 506. .037 9. L300

CuRULATIVE FERIOD 7CR 406 LEVEL = 0,900 7EC.

HIC = 202.0 [URINE T = 142 74 257 SEC.

A.206

RESULTANT  (55)
HEARD CHEST

3 .2

.2 Ny

.0 .8

. .3

i 3

1.3 o

3. 1.9

3.4 1.2

. 1.5

1.3 .3

1.4 3.8

4.4 i.9

5.4 7.6

5.8 12.8

8.% 14,

t7.8 12.6
20.3 12.8
3.4 12.3
27.3 14,1
8.7 14,9
7.4 14,1
8.9 12.1
26.0 9.9
19.4 T
17.0 1.3
14.8 3.4
10.7 3.4
10.8 4,4
190.7 3.7

W2 3.7

2.9 .7

-3E% R-==-3EM
00 30.6 7D
.18 17,1 (179

o L =0 Ry -

D WG D kg -
+ a + e s a2 e =
N O G d — 0

LX)
pae

i
%]

217.4
233.¢
79.3
77.9
284.4
28%.2
2%2.4
74,1
294.9

O F) O RS LA A = e = e
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N
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BARRIER DEFLECTICON - TEST RBCT-3

LOCATION-
POST NO.

8 AND ON

TABLE A.26

#Measured at Top of W-Beam Rail

Metric Conversion:

Multiply Inches by 25.4 to
Obtain Millimeters

AL207

DEFLECTION*

(IN.)

22

23

19

.00

.63

.13

.63

.13

.75

(MAXIMUM)
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AN ALGORITHM FOR SIMULATING VEHICLE-END TREATMENT
COLLISION BEHAVIOR

by

Johnn J. Labra, Ph.D.

Recently at Southwest Research Institute (SwRL) a full-scale crash
test involving a mini-car collision with a longitudinal barrier end treat-
ment resulted in a hazardous post impact trajectory; the vehicle rapidly
yawing and eventually rolling over. Since the particular end treatment
is presently widely used, major concern exists in terms of its ability
to perform adequately for the new downgraded sized wvehicles. The
algorithm (ENDON) presented in this text was developed to gain insight
into this problem.

In the algorithm, the vehicle-end treatment interaction is
assumed to take place in two phases: (a) the initial impulsive impact
with the treatment at a specific eccentricity with respect to the
vehicle longitudinal centerline axis and (b) a continuous, nonimpulsive
translation and/or yawing motion. Specifically, the ENDON program can
menitor the following:

The angular orientation of the vehicle after the impact.
The trajectory of the vehicle center of gravity {c.g.).

The angular and translational velocity components.

£~ W N

The vehicle lateral and longitudinal accelerations,

In the algorithm, a vehicle fixed reference frame (R, S} and
an inertial reference frame (x, y), as shown in Figure B.l, are used.
The inertial reference frame initially coincides with the vehicle
system.

To minimize the complexity of the problem and thereby the
asscciated computer costs, certain simplifying assumptions have been
made. These include:

1. A three degree of freedom, rigid body representation for
the vehicle without separate degrees of freedom for the
wheels.

2. A single impact point located a specified distance from
the vehicle longitudinal centerline.

3. An instantaneous (impulsive) failure of the end treatment
upon impact.
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With the ENDON program, yawing potential for any single-unit
vehicle may be investigated by inserting the relevant weight and
geometric parameters. The program was used to investigate impacts
of a 1509-1b mini-car with a breakaway end treatment located at various
distances from the vehicle longitudinal centerline. Further, the end
treatment breakaway property effect on the vehicle yawing tendency was
also considered by user input of instantaneous velocity change due to

the particular end treatment struck.

A, Impact

In the ENDON program when the vehicle strikes the end treatment,
an impulsive situation is assumed tc exist. Based on the linear momentum

principle during this initial phase, one cbtains

M(VR - VO) = —PR
- _DP 1
MV Pe (1D
where

VO’ 0 = the initial translational velocity of the c.g. before
impact in the vehicle fixed (and inertial) longitudinal

direction;

VR, VS = the c.g. velocity components immediately after impact
with respect to the vehicle fixed reference frame;

PR’ PS = the impulsive force components in the negative vehicle

fixed R, S directions; and
M = the vehicle mass.

Based on the angular momentum principle about the vehicle's
c.g., the angular or yaw velocity, W, assumed zero prior to impact, is

defined by the following:

Icgw =T x P (2)
where

Icg = the vehicle's yaw moment of inmertia about its c.g.,

T = the moment arm vector from the vehicle's c.g. to the impact

point 0 on the end treatment,

B.4



P = the impulsive force vector between vehicle and end treatment.

In terms of scalar components, r and P are defined as

1]

T XFi + Ej

P i - P_j (3)

P R 5

where I, j are unit vectors in the longitudinal and lateral directions
and Xp and E are the distances from vehicle c.g. to front bumper and

eccentricity, respectively., Substitution of (3) into (2) results in

w = -x Pg + EP (4)

Icg S R

where W is positive in the clockwise direction. R

It is realized that the resultant impulsive force P during a
typical impact scenario lies in an undefined direction. It can be
safely assumed, however, the largest impulsive force component is
directed along the vehicular longitudinal axis, vis.,

Pp = Py (5)

Noting this, it is assumed that

P, = aP 7 (6)

where 0 is some small fraction. Substitution of (1) into (6) results
in

V., =a(V, -V

S R~ Vo) 3

Further, substitution of (1) and (6) into (4) gives

Icgw = -PR(xFa - E)PR

= M(VR - VO)(OLxF - E)

Accordingly, the instantaneous vehicle angular velocity induced by

the end treatment can be written as

__M _ 8
W=7 (VR - VO)(uxF ) (8)
cg




B. Post-Breakaway Trajectory

After the end treatment fails (instantaneous breakaway), the
vehicle is assumed to be free of all external forces except those
imparted through its tires.

For this two dimensional model, Euler's equations of motion

reduce to:

([ du abl
M (dt - v dt) = ZFRu (9)
dv v _
M (dt + u dt) = IFg, (10)
d?y _ .

Icg at2 ZNW (11)
where

u, v = the vehicle's velocity components in the R and S direction,

respectively;
du dv

dt, dt = the corresponding longitudinal and lateral accelerations
with respect to the vehicle fixed reference frame;

dy 42y
Yy, dt, dt? = the vehicle vaw angle, angular velocity, and angular
acceleration, respectively;
ZFR , ZFS = the resultant tire-forces on the vehicle imposed
Y “ through the tires in the vehicle R and S directions, and
ZN’ = resulting yaw moment about the vehicle c.g. due to the tire-

roadway reaction forces (Attachment A).

The initial value for i is zero. The initial values for u and v and
dy/dt are taken to be those defined for the vehicle immediately after

impact when the end terminal has failed, i.e.,

u = VR
v = VS = a(VR - VO)
dw = (12)

dt
To solve for the vehicular accelerations (Equations 9-11) for
each time increment, At, values for the velocities and forces from the

previous time step are used, i.e.,



du 11 dy
dt PPpu TV ar
S R e
dv =L -
| dt M 2Py T Y
Y+ A - “t
42y 1
T =3 ZNW . (13)
t + At cE
where
_ du ]
[u]t = [u + ype dt
4t - At
du ]
[v]t = [v +‘E€ dt
t - At
L 2
dy -~ _ | d¥ d-y
dt RS
t £ - At (14)

A similar procedure is used to determine the trajectory parameters
and is valid for small time increments {t < 5 msec). Repeating this
process for each time step ENDON calculates accelerations, velocities,
and trajectory.data for time t. A simple transformation matrix is then
used to transform the trajectory from vehicle to inertial reference
frame. The simulation is completed either when the vehicle has yawed
90 degrees from its initial position or if the collision event has

exceeded 1 second real time.

C. Implementation of ENDON Program

The foregoing theoretical developments were amalgamated into
an algorithm and coded for placement on a CDC 175 system. A user's
guide is enclosed in Attachment B. Using the ENDON program, simula-
tions were made for a mini-car (Honda Civic)} impacting a breakaway
type end treatment. The parameters varied included the resistive
properties of the treatment via varying the impulsive velocity change
during impact, the impact eccentricity, and the fraction of longitudinal

impulsive force imparted in the lateral direction. Over 36 simulations



were performed. Results suggest that inducing 10 percent of the
longitudinal impulse force in the lateral direction (o = 0.1) gives
good correlation between simulation results and full-scale test data
(BCT end-on impacts @ 60 mph w/Honda). Further, the relationship
between impulsive velocity change (AV) due to impact, trajectory
(¢/x), and impact eccentricity (E) is mathematically (approximately)
defined by

166 (W/X)O'7O
El.ZO

AV =

where AV is in ft/sec, E is in inches, and {/x, the ratioc of yaw angle

to longitudinal (inertial reference frame) trajectory is in deg/ft.



ATTACHMENT A

TIRE-ROADWAY REACTICN FORCES

During the time interval after the vehicle
treatment, the yaw orientation and c.g. trajectory
vehicle dynamic system. These changes result from
angular velocity after impact, weight distribution

mement of inertia (yaw), overall geometry, and the

has failed the end

are determined by the
the vehicle's initial
on the four tires, mass

tire-roadway patch

reaction forces. Since the model is two dimensional, only the fricticnal

reaction forces are applicable.

The location of each of the tire-road contact points is defined in

matrix notation with respect to the inertial reference frame by

X, X a
( )=< C8)+ |]AH( ) Right Front (PF)
vy y T/2

a
Left Front (LF)
-T/2

(o) G
L L W B
()G

cg
Xy b4 -b .
= €8 ) 4 Hall Left Rear (LR) (1)
yl} ycg _T/Z
where
Xcg’ yCg = vehicle c.g. location with respect to inertial system,

a, b = distance from c.g. to front and rear axles, respectively, and

T = vehicle track.



The 2 x 2 matrix Jlall is the transformation matrix from the vehicle fixed
to inertial reference frame, viz.,
cosW -siny

Hall = ‘ (2)
siny cosl

The forward (longitudinal) velocities for each wheel are

4 = u- (Tkz),g% (RF)
G- w2 $ap
uy = - /0 L @)
w w1/ 2 wR) (3

The lateral velocities at each wheel contact point are taken as

_ - 4y
Vl v2 v + a dr
- R /1]
vy =V, =Y b i (4)

In expressions (3) and (4} u, v are the vehicle c.g. velocities with
respect to the vehicle fixed reference frame.

The frictional tire-roadway patch interaction forces developed
during braking, traction, or skidding is a function of the normal reaction
force at each tire-roadway interface. The normal reaction forces (FRi)
are a function of the weight distribution and are calculated in ENDON by:

° b
PRl “Fro " 2@ +oy ¥

a
Fr3 = Fre = 2{a + b) W ‘ (5)

where subscripts 1-4 represent tire locations (RF, LF, RR, LR) and W is

the total vehicle weight.



Using equations (5) the corresponding frictional forces are defined as

fi = UFRi d=1, 2, ... & (6)

where u is the kinetic friction coefficient.

As illustrated in Figure A-1, the tire frictional forces oppose
vehicle motion. Since the wheels are in a fixed direction, each frictional
force directioﬁ is defined in direction cf the slip angle where the slip
angle at each wheel]l is evaluated from

1 i

|4y |

B, = tan i=1, 2, ... 4 (7

Resolving each tire force into components along the vehicle fixed axes,

we obtain

f ~F_.cogB, « U
i i

Rui R
i=1, 2, ... 4 (8)
~-F sinBi Y

fSui Ri

The resultant tire forces in the vehicle longitudinal and lateral directions

are then
4
Mo = 78 fra
i=1
4
ZFSu B TE fSui (9)
i=1

or expanded

ZFRU

_(FR1C0561 + FRZCOSBZ + F COSB3 + FRACOSBA)

R3

ZFSU

n

—(FRls1nB1 + FstlnBz + FR351nB3 + FR451n84) (10}

The individual moments (positive clockwise direction) about the vehicle

c.g. due to these tire-roadway frictional forces is given by

Nyt = foui®i ~ frui®: (11)



Vehicle/Tire Heading

Slip Angle

Vehicle Motion

Interaction Patch

fi {(frictional force opposing motion)

FIGURE A-1. TIRE-ROADWAY REACTICN FORCE MODEL



or expanded

Nyp =2 fgyq = (172 £p
Nyp T A Fgup T2 £y
Nyg = 70 Lg5 = (I/2) Tpig
Nw& = -h fSu4 + (T/2) fRu4 (12)
The reszltant moment is then
ZNU) = 151 Nwi | (13)
or
BNy = (g g+ fgpple - (gug + fg,)0b
Tt T R T fres T TR T2 s

The above defined resultant forces and moment (Equations 10 and 14) are
evaluated at each time internal in the ENDON program., Making the a priori
assumption of zero, frictional forces would, in essence, simulate a vehicle's
trajectory on en ideal smooth surface with no external loads after the

failure of the end treatment.



ATTACHMENT B
USER GUIDE FOR PROGRAM ENDON

A simple algorithm has been developed at Southwest Research Institute
which models the impact response cof a vehicle into a barrier end treatment
designed to breskaway. The program's two dimension model consists of a
rigid vehicle structure which includes:

e yaw moment of inertia (ZI),

e total weight (W),

e front axle location with restpect to center—of-gravity (4),

® rear axle location with respect to center-of-gravity (B),

e vwheel track (T).

The collision event 1s initially modeled as a concentered point leading with
a user specified eccentricity (E) with respect to the vehicle longitudinal
centerline. This concentrated impulse force ié assumed to act in the
vehicle longitudinal direction.

A vehicle impact velocity (V¢) is specified as well as assumed longi-
tudinal Veloéity at the instant the end treatment breaks away (VB). Further,
the user can specify a fraction of the longitudinal impulse, m(VB - VO),
acting in the lateral direction. This is achieved by the imput of a constant
(ALPHA) which is less than one. This initial phase of the simulation is
handled mathematically by simple linear momentum theory. From this initial
impact phase an instantaneous angular velocity is derived.

During the second phase of‘fhe accident scenario, the only forces
acting on the vehicle are through its tires. The user may specify a
coefficient of kinetic friction at the tire/road interface patch, analogous
to tire breaking and side forces. These forces are based on the "friction

circle" concept which assumes that the maximum force that can be generated
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by the tire in the plane of the tire-terrain contact patch is equal in all
directions. In the algorithm each tire force opposes the vehicle motion
and is in a direction based on the program calculated slip angles at

wheel (analogous to a locked wheel situation). Specifying a zero or small
friction coefficient will allow the user to approximate a ''free-rolling"
post-impact event.

For each simulation-the program runs until the maximum time (TMAX)
is exceeded or if the wvehicle has rctated 90 degrees from its initial posi-
ticn. A time increment (DELT) of 0.005 sec or less is recommended. Output
includes post-impact vehicle c.g. trajectory, acceleration lateral and
longitudinal components, angular velocity, speed, lateral and longitudinal
velocity components, and vehicle orientation. The simple user input is
shown in Table B-1. An example of typical output is illustrated in Table

B-2. The program listing is given in Table B-3.
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TABLE B-1

ENDON PROGRAM
INPUT PARAMETERS

Input Varizlhle

Card No. Notation Descriptor
1 W = vehicle weight (1b) 6F10.0
A = distance from c.g. to front axle (in.)
B = distance from ¢.g. to rear axle (in.)
T = track {in.)
XF = c.g. to vehicle front bumper (in.)
Z1 = vaw moment of inertia (lbhin.—secz)
MU = tire/terrain patch coefficient of
kinetic friction
2 E = lateral distance from vehicle longi- 5F10.0

tudinal centerline to contact pt.
with end treatment (in.)

Vo

VB

vehicle initial velocity {(ft/sec)

vehicle velocity at instant of end
treatment breakaway (ft/sec)

ALPHA = fracticon of longitudinal impulse
in the lateral direction

(constant less than 1.0)

DELT = simulation time increment (sec)

TMAX

total simulation time {(sec¢)
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY
RESEARCH AND DEVELOPMENT

The Offices of Research and Bevelopment (R&D) of
the Federal Highway Administration (FHWA) are
responsible for a broad program of staff and contract
research and development and a Federalaid
program, conducted by or through the State highway
transportation agencies, that includes the Highway
Planning and Research (HP&R) program and the
National Cooperative Highway Research Program
(NCHRP) managed by the Transportation Research
Board. The FCP is a carefully selected group of proj-
ects that uses research and development resources to
obtain timely solutiens to urgent national highway
engineering problems.®

The diagonal double stripe on the cover of this report
represents a highway and is color-coded to identify
the FCP category that the report falls under. A red
stripe is used for category |, dark blue for category 2,
light blue for category 3, brown for category 4, gray
for category 5, green for categories 6 and 7, and an
orange stripe identifies category 0.

FCP Category Descriptions

1. Improved Highway Design and Cperation
for Safety

Safety R&D addresses problems associated with
the responsibilities of the FHWA under the
Highway Safety Act and includes investigation of
approprizate design standards, roadside hardware,
signing, and physical and scientific data for the
formulation of improved safety regulations.

2. Reduction of Traffic Congestion, amnd

Improved Operational Efficiency

Traffic R&D is concerned with increasing the
operational efficiency of existing highways by
advancing technology, by improving designs for
existing as well as new facilities, and by balancing
the demand-capacity relationship through traffic
management lechniques such as bus and carpool
preferential ireatmeni, motorist information, and
rerouting of traffic.

3. Environmental Considerations in Highway
Design, Localion, Construction, and Opera-
tiom
Environmental R&D is directed toward identify-
ing and evaluating highway elements that affect

® The complete seven.volume official statement of the FCP is available from
the National Technical Information Service, Springfield, Va. 22161. Single
copies of the introductory volume are available withsut charge from Frogram

Analysis (HRD-3), Offices of Rescarch and Development, Federal Highway
Administration, Washington, D.C. 20590.

. Improved Materials

the quality of the human environment. The goals
are reduction of adverse highway and traffic
impacts, and protection and enhancement of the
environment.

Usilization amnd

Durability

Materials R&D is concerned with expanding the
knowledge and technology of materials properties,
using available natural materials, improving struc-
tural foundation materials, recycling highway
materials, converting industrial wastes into useful
highway products, developing extender or
substitute materials for those in short supply, and
developing more rapid and reliable testing
procedures. The "goals are lower highway con-
struction costs and extended maintenance-free
operation.

Improved Design to Reduce Costs, Extend
Life Expeclancy, and Insure Structural
Safety

Structural R&D is concerned with furthering the
latest technological advances in structural and
hydraulic designs, fabrication processes, and
construction techniques to provide safe, efficient
highways at reasonable costs.

. Improved Technology for Highway

Construction

This category is concerned with the research,
development, and implementation of highway
construction technolegy to increase productivity,
reduce energy consumption, conserve dwindling
resources, and reduce costs while improving the

~ quality and methods of construction.

Improved Technology for
Maintensnce

Highway

This category addresses problems in preserving
the Nation’s highways and includes activities in
physical maintenance, traffic services, manage-
ment, and equipment. The goal is to maximize
operational efficiency and safety to ihe traveling
public while conserving resources.

. Other New Studies

This category, not included in the seven-volume
official statement of the FCP, is concerned with
HP&R and NCHRP studies not specifically related
to FCP projects. These studies involve R&D
support of other FHWA program office research.
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