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FORE\~ORD

This report presents a summary and evaluation of the performance of current
quardrail and median barrier (BCT) desiqns. Due to early results, the
project was redirected to develop a retrofit solution for the predominant
wood end post BCT desiqn. Full-scale crash tests were used principally
for the evaluations althou~h laboratory tests, boqie tests, and a simplified
dynamic algorithm were used in the retrofit development effort.

This report is being distributed by me~orandum to individual researchers
concerned with highway safety and those involved in assessinq quardrail
terminal performance.

A limited number of additional copies of this report is available from the
Protective Systems Group, Structures and Applied ~1echanics Division, FHvlA,
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, Virqinia
22161. A small charge is imposed for copies provided by NTIS.
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Director, Office of Research
Federal Hiqhway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the contractor, who is
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 Q names appear herein only because they are
considered essential to the object of this document.
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I. INTRODUCTION

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. (1) 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.(1) 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). (1) 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,(1) 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(~) (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 2 and an increase in the footing

size.

• RRD 53(2) (December 1973) - Drawings and test results were

presented on both steel and wood median barrier BCT designs.

• RRD 84 (~) (March 1976) - This digest included some cost

saving recommendations (e.g., removal of BCT nose diaphragms, new anchor

plate design) and the inclusion of slip base steel end post designs for

both guardrail and median barrier BCT based on an NCHRP R&D contract at

SwRI.

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

replaced with 6x8-in. members.

Preceding page blank 1



• RRD 102(l) (May 1978) - This digest was issued to address the

following problem areas:

Difficulty in removing the fractured wood post from the
concrete footing

Exces~ive cost of some BCT components

Unreasonable cost of concrete footings at rural locations

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

Lack of requirements 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 l24(~) (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 corne 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 ~CT is considered essentiaJ ',lith the

current design in order to:

• buckle the beam for end-on impacts at an acceptable force
level,

• permit the vehicle to ligate" behind the rail installation.
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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 l800-lb (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

number 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 occurred.

B. Obj ective

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.
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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 Post

The current wood post BCT(2,11) is described in Figures 1 and 2.

Three crash tests were conducted on this design as summarized in Table 2.

B. Steel Post

The current steel post BCT(2,11) 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 lb (835 kg) without dummies.

All test vehicles contained a fully restrained driver and unrestrained

front seat passenger dummy (Part 572, 50th percentile male).

WBCT-I. The objective of this test was to evaluate the wood post

BCT for a 30-mph (48-kmph) end-on (O-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, IS-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 to the rear wheel induced a

4



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), IS-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-l. 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 1S-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 around, 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.
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III. GUARDRAIL 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 a rigid vehicle structure which includes:

• yaw 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, I = 8000 in.-lb-sec
2

. Based on the parametric
z

evaluation, a formula was determined using curve fit techniques,

that provides a relationship between impact velocity change (impulse),

yaw rate, and eccentricity.

6V
366 (~/x)0.70

El . 20

6

(1)



where

6V - velocity change, ft/sec
E - eccentricity of impact, in.

~/x - vehicle yaw rate, deg/ft

for

I = 8000 in.-1b-sec
2

z
~ 1.0 (pavement/tire coefficient of friction)

In considering the desired behavior of the BCT, it was determined

that a yaw rate of approximately 10 deg/12 ft would result in desirable

redirection of the vehicle behind the guardrail as determined graphically

in Figure 13. From Equation 1, the maximum velocity change ( 6V) can be

solved using this yaw rate ( ~/x) and the lS-in. (0.4-m) eccentricity

(E) as input. Thus, based on ENDON formulations, a velocity change (6V)

due to end-on impact with a BCT of 8.5 mph (13.7 kmph) would result in

desirable performance for the IS-in. (O.4-m) off-center impact.

B. Current BCT Analysis

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

tributor 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

7



passenger compartment is diminished. Diaphragms used in early BeT

designs were subsequently omitted due to cost-effectiveness analysis.

Beam. Based on 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 l4(b),

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-l) 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-I). Results of this

test were favorable, and a second bogie test designed to evaluate a BeT

installation with an added wood nose spacer and beam/post bolts 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-lO) were conducted with Honda Civics impacting

end-on, 15 in. (0.4 m) off-center at 60 mph.
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WBCT-4. The purpose of the test was to evaluate the instal

lation that had performed favorably in bogie test BBCT-2. As spown 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

crush, 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

WBCT-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 dynamic

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 ~7, 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 cut 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 yaw, the rear side of the

9



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 value

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

yawed 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 anchor

strength function of the end post; results of the test are given in

Appendix A.

WBCT-S. 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 type 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 (0.6 m) downstream of the end post from the previous test was

deleted as it contributed to the undesirable behavior of Test WBCT-S.

10



As shown in Figures 29 and 30, the vehicle was redirected

behind the installation although yawing 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 48l9-lb (2l86-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 (DTFH6l-8l-00076) at SwRI, methods

of reinforcing the retrofitted BCT design of Test WBCT-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-l. 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. In this repeat test of RBCT-l the vehicle pocketed

causing the rail to 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

V-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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IV. CONCLUSIONS AND RECOMMENDATIONS

Based on the findings of this project, conclusions and recommenda

tions are made regarding guardrail BCT installations.

A. Conclusions

1. The current recommended guardrail BCT(2) designs are not

compatible for high-speed off-center impacts with lSOO-lb (SOO-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-lb (SOO-kg) minicar; however further work on the retrofit design is

needed to provide adequate strength for angular impacts near the end.

Test results from WBCT-9 indicate marginal conformance with NCHRP

Report 230(1l) as shown in Table 2. Table 2 also illustrates criteria

applicable to terminals from TRB Circular 191 (11) which preceded

Report 230.

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

high-speed, off-center impacts with lSOO-lb (SOO-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 minicornpact vehicles.
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FIGURE 5.
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TEST WBCT-l IMPACT ~EQUENCE
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Test No. . WBCT-l
Date 3/31/80
Test Installation Drawing No 03-5433-01
Rail ,. 12 ga steel x 12.5 ft (3.8 m)

19 lv-beam
Post (footing mounted) ..... 6 in. (152 mm) x 8 in.

(203 mm) x :'.33 ft (1. I; m) ] g ';ood
Post (soil mounted) 6 in. (152 mm) x 8 in.

(203 mm) x 6 ft (1.8 m) 19 wood
Post Spacing 6.25 ft (1.9 m)
Length of Installation ]00 ft (30 m)
Soil Condition Dry

Vehicle 1975 Honda Ctvic
Vehicle Mass 2167 Ib (983 kg)

(w/clummtes and instrumentation)
Impact Speed 30.7 mph (49.4 kmph)
Imprtct Angle -0.3 deg
[xi t Speed 0
Exit Angle 96.5 deg
Vehicle Fro n t- End Cru sh 20.0 in. (508 mm)
Vehicle Accelerations (max 50 ms avg)

Lrtteral (cjne/electr) (2.1 gll.S g)
Longitudinal (cine/electr) (-9.0 g/-9.6 g)

VehLcle Damage
TAj) 12-FC-S
VDJ 12FCEW4

FIGURE 6. SUNHARY OF RESI1LTS, TEST WBCT-J



FIGURE 7. TEST WBCT-2 IMPACT SEQUENCE
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Test No. . WBCT-2
Date 1,/3/80
Test Installation Drawing No .. , 03-51,33-01
Rail .. , .12 ga steel x 12.5 ft (3,8 m) 19 W-beam
Pas t (footing moun ted). .. 6 in. (152 nun) x 8 in.

(203 mm) x 5.33 ft (1.6 m) 19 wood
Pas t (soil moun ted) . . . . .. 6 in. (I52 nun) x 8 in.

(203 nun) x 6 ft (1. 8 m) 19 I,ood
Post Spacing 6.25 ft (1.9 m)
Length of Installation 100 ft (30 m)
Soil Condition , Dry

Vehicle ,. 1975 Honda Civic
Vehicle Hass , , 2178 lb (988 kg)

(w/dumrnies and instrumentation)
Impact Speed 59.0 mph (95.0 kmph)
Impac t lingle -0.3 deg
Exi.t Speed , a
Vehicle Front-End Crush 20.0 in. (508 mm)
Vehicle Accelerations (max 50 IDS avg)

Lateral (cine/electr) (3.7 g/7.9 g)
Longitudinal (cine/electt) .. (-13.1 g/-15.0 g)

Vehicle Damage
TAD l2-FC-6
VOL l2FCEW6

FIGURE 8. SUHHARY OF RESULTS, TEST WBCT-2
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FIGURE 9. TEST WBCT-3 IMPACT SEQUENCE
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Test No.. " WBCT-3
Date 4/17/80
Test Installation Drawing No 03-5433-01
Rail .... 12 ga steel x 12.5 ft (3.8 m) Ig W-beam
Post (faa ting moun ted) ... 6 in. (152 mm) x 8 in.

(203 mm) x 5.33 fL 0.6 m) Ig wood
Post (soil mounted) .... , 6 in. (152 mm) x 8 in.

(203 mm) x 6 ft (l.8 m) Ig wood
Post Spacing 6.25 ft (1.9 m)
Length of Installation 100 ft (30 m)
Soi1 Condi tion ,... Dry

FIGURE to.

Vehicle 1975 Honda Civic
Vehicle Mass 2178 Ib (988 kg)

(w/dllmmies and instrumentation)
Impact Speed 59.3 mph (95.4 kmph)
Impact Angle 14.5 deg
Exi t Speed .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0
Vehicle Front-End Crush 24.0 in. (610 mm)
Vehicle Accelerations (max 50 illS avg)

Lateral (cine/electr) (6.6 g/7.6 g)
Longitudinal (cine/electr) (-14.6 g/-13.8 g)

Vehicle Ddmage
TAD 12-FC-6
VDI , 12FCEI116

SUMHARY OF RESULTS, TEST II1BCT-3
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FIGURE 11. TEST SBCT-1 IMPACT SEQUENCE
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Test
Date
Test
Rail
Post

No 5RCT-l
................ , " 6/5/80

Installation Drawing No. . .. , , 03-5433-02
.. ,.,. 12 ga steel x 12.5 ft (J.8m) 19 H-heam
(footing mounted) "'" TS6,,6xO.1875,,25.5 in.

(648mm) 19 steel
Post (soil mounted) W6x9x6 ft (l.8m) 19 steel
Post Spacing , 6.25 ft (1.9m)
Length of Installation ,. 100 ft (JOm)
Soil Condition Dry

Vehicle , .. ,. 1975 Honda Civic
Vehicle Mass , 2180 Ih (989kg)

(w/dummies and instrumentation)
Impact Speed 60.0 mph (96.6kmph)
Impact Angle , ,......... 0.5 deg
Exi t Speed , , 0
Vehiel e Front-End Crush .. ,... 22.0 in. (671 mm)
Vehicle Accelerations (max 50ms avg)

Lateral (cine/electr) , 5.0g/4.5g
Longitudinal (cine/electr) -11.2g/-15.2g

Vehiel e Damage
TAD .. , , , 12-FC-6
VDI , , , 12FCEW6

FIGURE 12. SU~jARY OF RESULTS, TEST 5BCT-l
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Standard beam
attachment bolts

(a) Current BCT design (flared)

Beam restrained from buckling
at each post attachment

Vehicle contacts beam end before post 
cable is fully effective to resisting
end-oD. forces

(b) Undesirable features of current BCT

install spacer - promotes early post
failure - releasing cable. Spacer also
holds flare shape

fll.----

)
Remove standard bolts in flar~ ZODe

(c) Retrofit features

restraint against beam buckling 
beam/poot attachment

contaCts spacer and past failure
is initiated prior to vehicle contact
with beam end

Cable slacl<.
vehic.le contact

(d) kenofit changes in behavior during initul 1Jllpact sequence

FIGURE 14. CURRENT BCT AND RETROFIT
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FIGURE 15. TEST WBCT-4 IMPACT SEQUENCE
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Tes t No. . " , ",., WBCT-4
Date ,., , ,.', ,., 4/8/81
Test Installation Dwg. No ', 03-5433-03
Rail .... 12 ga steel x 12.5 ft (3.8 m) ]g W-beam
Post (footing mounted) ... 6 in. (152 mm) x 8 in,

(203 mm) x 5,33 ft (1.6 m) 19 wood
Post (soil mounted) .. W6x9x6 ft (1.8 m) Ig stcel
Post Spacing 6.25 ft (1.9 m)
Length of Installation.,., , 100 ft (30 In)

Soil Condition Dry

Vehicle ' .. , " 1975 Honda Civic
Vehicle Mass 2170 Ib (984 kg)

(w/dummies & instrumentation)
Impact Speed 59.4 mph (95.6 kmph)
Impact Angle 0.6 del'
Exit Speed , .. ,., " " .. ,. 0
Vehicle Accelerations (max 50ms avg)

Lateral (cine/electr) ,., " 1,6 g/6.0 g
Longitudinal (cine/electr) " -10,0 g/-16.4 g

Vehicle Damage
TAD , "" ,.,., 12-FD-6
VDI , , . , , , . , , . . .. 12FIJEW6

FIGURE 16. SUHHARY OF RESULTS, TEST WBCT-4
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(a) Beam cut-out (see Fig. 15 for location)

(b) Nose spacer

FIGURE 18. WBCT-5 DETAILS

31



Impact

0.05 sec
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FIGURE 19. TEST WBCT-5 IlWACT SEQUENCE
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Tes t No. . .•... , _ . , _ , . , _.. _. \.Jf\CT- S

Date '" 5/S/81
Test Installation Dwg. No. _ 03-5433-03
Rail .... 12 ga steel x 12.5 rt (3.8 m) Ig W-beam
Post (follting mounted) 6 in. (J52 mm) x 8 in.

(203 mm) x 5. J3 ft (I. h m) ]g \Jood
Post (soil mounted) ., w6x9x6 [t (1.8 m) 19 steel
Post Spacing 6.25 It (1.9 m)
Length of Installation 100 [t (30m)
Soil Condition , _ _ , Dry

V011iclc _ , _ .. 1977 Honda Civic
Vehicle n,,,s 2170 lb (9SI, kg)

(w/dummrcs & instrument~tlon)

Impact Speed 56.S mph (9].1, kmph)
lmpac [ Angle ., _ _ " 0 de~

Exit Speed , _ , , a
Vehicle Acc~lerations (max SOms avg)

Lateral (c:inc/c:lectr) n.a./J.g g
Longitudinal (cine/electr) ._ n.a./-16.9 g

VEhicle Dam~ge

TAn I2-FD-6
VDI 12FDA\,6

FTC:URE 20. SUMMARY OF RESULTS, TEST WBCT-5
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Test No. . WBCT-6
Date 5/22/81
Test Installation [h,;g. No. . 03-5433-03
Rail ..... 12 ga steel x 12.5 ft (3.8 m) 19 \~-beam

Post (footing mounted) .... 6 in. (J52 nun) x 8 in.
(203 mm) x 5.33 £t (1.6 m) 19,wod

Post (soil mounted) W6x9xb ft (1.8 m) 19 steel
Post Spacing b. 25 [t (1. 9 m)
Leng th of Installa t ion . . . . . .. 100 [t (30 m)
Soi I Condition Dry

Vehicle 1974 Honda Civic
Vehicle Mass (2124 ]6 (963 kg)

(W/dummies & instrument8tion)
Impact Speed 60.4 mph (97.2 kmph)
Impact Angle 0 deg
Exit Speed 0
Vehicle Accelerations (max 50 mS avg)

Lateral (cinc/electr) 4.2 g/3.5 g
Longitudinal (cine/electr) .. -]1.2 gf-lB.? g

Vel1] c Ie Damage
TAD l2-FO-6
VOL •.......•...•.......•........•• l2FDAW6

FICURE 22. SmlHARY OF RESULTS, TEST WBCT-b
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FIGURE 23. BEAM CUT OUT GEOMETRY
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0, 3 sec
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0.4 sec
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, / i i'J i: i 1 I ; \ -• 'I f i =.ll... j

Tes t No. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. WBCT-7
Delte 6/29/81
Test Installatioo Drawing No 03-5433-03
Rail ... 12 ga steel x 12.5 ft (3.8 m) 19 W-heam
Post (footing mounted) ... 6 in. (152mm) x 8 in.

(203mm) x 5.33 ft (1.6m) 19 wood
Post (soil mounted) " .W6x9x6 [t (1.8m) 19 steel
Post Spacing 6.25 ft (1. 9m)
Length of Installation 100 ft (30m)
Soil Condition Dry

Vehicle 1975 Honda Civic
Vehicle Nass 2120 lb (9(J2 kg)

(wjdummies & tnstrumentation)
Impac t Speed 59.2 mph (95.3 kmph)
Impact Angle 0.2 deg
Fxit Speed ,.............. 0
Vehicle Accelerations (max 50ms avg)

Lateral (cine/electr) 3.1g/4.5g
Longitudinal (cine/electr) -8.8g/-i4.1g

Vehicle DamaR"
TAD , 12-FD-6
VDI 12flJEW6

rrr,URE 25. SUM}~RY OF RESULTS, TEST WBCT-7
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FIGURE 27. TEST WBCT-~ IMPACT SEQUENCE
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0.10 sec
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'oJ

0.5 Sc.:'C

~. ~C:70 11~-" -- ~,
'iU-lr_,U ', __~L .. L. i

Impacl

'">-'

Test No. . 0 •••••• 00 •• 0 ••••••• WBCT-8
Date .0 ••••••••••••• 00 ••• 0 •••••••••••••••• 8/7/81
Test Installation Drawing No .... "" 03-5433-03
Rail .... 12 ga steel x 12.5 ft (3.8 m) 19 H-beam
Post (footing mounted) 6 in. (152 mm) x 8 in.

(203 mm) x 5.33 [t (1.6 m) 19 wood
Post (soi l mounted) .. W6x9x6 ft (1. 8 m) 19 steel
Post Sracing 6.25 ft (1. 9 m)
l.engtll of Installation 100 ft (30 m)
Soil (;ondition , , , ,., Dry

Vehicle 1975 Honda Civic
Vehicle Mass........ .. 2014 lb (914 kg)

(w/dummics & instrumentation)
Imract Speed 59.3 mph (95.4 kmph)
Impact Angle ., 0.2 dcg
Exit Speed , , 0
Vehicle Accelerations (max 50 ms avg)

L<1l:l~ral (cine/electr) 4.1g/-2.7g
Longitudinal (cine./electr) -7.6g/-B.Jg

Vehiel!:' Damage
TIID o ••• " ••••••••••••• ' •• ' •• • •• •• l2-FD-6
VDI 0 ••••••••••••••• \2fDEH6

FIGURE 28. SUHHARY OF RE:;ULTS, ToST I,BC1'-8
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FIGURE 29. TEST WBCT-9 IMPACT SEQUENCE
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Impact 0.05 S(:C 0.10 se.c 0.15 ,St;'C 0.20 Sl.'C 0.25 sec

tieL':O ~~{' f '
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Dl \,~ _ (; - 2FT/O_ G M;
: i/ .. U .. 1 ' .

t f t .l-. ~-_.+J i f ...if
pc:;; /4

<0
~

Test No. . HBCT- 9

On t e """""""""""""""""'" 8 / 24 / 8]
Tc.sl lnstallation Dra~,l:ing No, , ... 03-SlJ33-03
Rail"" 12 go steel x 12,5 ft (3,8 m) 19 W-beam
Posl (footing mounled) ... 6 in, (152 mm) x 8 in,

(203 mm) x 5.33 [t (1. b m) 19 wood
Post (soil mounted) W6x9x6 Et (l.B m) 19 steel
Post Spacing ......... _._" .. _ .. 6.25 ft (1.9 m)
Length of Installation"""""" 100 (t (30 m)
Soil Condition , _ _ , Dry

Vehicle 1975 Honda Civic
Veh leI e Hass __ __ .. 2040 U (925 kg)

, (w/dummies & instrumentation)

lmpdct Speed __ 59,3 mph (95.4 kmph)
Impact Angle , .. ""'" _ -1.3 dt'g
Exi t Speed 0
Vehicle Accele.rations (max 50 ms .~vg)

L:ltcTal (cine/electr) n.;},/-3.3 g

LongiLudlnal (cine/electr) '" n_~./-12.1 g
Vehicle DC-Image

TAD .. " , _.. 12-FD-£'
VIJ I , , , , . _ , , .. , , _ 12FllEI,6

FiGURE 30. SUflH/\RY OF RESOLTS. 'ITS'!' HBC'I:-9



FIGURE 31. TEST WBCT-IO IMPACT SEQUENCE
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r
,

\ -r

,r--.,---==:l c::::::7""r. . .I I

\~_~:----=-r~"-

---'f'"0/

13FT
(-4/t1')

: ~= .J1
~__2T:'~

'-

~! 1 i Ei i !

,~

~
\p,:J;:-

L::

\

-,-- - \--- \~ ~ ~r- f Il~~'S._--=.1 -
./' \ -

\ --&( '-

'"'"'

Test
Date
Test

Rail
Post

No. WllCT-10
................................... 9/18/81

Installation Drawing No 03-5433-03
.... 12 ga steel x 12.5 ft (3.8 m) 19 W-beam
(footing mounted) ... 6 in. (152 mm) x 8 in.

(203 mm) x 5.33 ft (1.6 m) 1& wood
Post (soil mounted) .. W6x9x6 ft (1. 8 m) Ig steel
Post spacing 6.25 ft (1.9 m)
Length of fnstallation 100 ft (30 m)
So i 1 Cond it ion ,.... Dry

Vehicle 1978Ford LTD
Vehicle Has•.................... 4500 Ih (2041 kg)

(w/dummies & instrumentation)
Impact Speed 58.] mph (93.5kml'h)
Impact Angle 24.9 deg
Exit Speed 51. 3 mph (82. 6k,uph)
Exi tAngle < •••• 0 deg
Vehicle Accelerations (max 50 rns avg)

Lateral (cine/electr) -4.6 g/-3.2 g
Longitudinal (cine/electr) -4.8 g/-5.2 g

Vehicle Damage
TAD ll-FL-3
VOl llFLEW3

FICUKE 32. SUHHARY OF RESULTS, TEST WBeT-lO
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BeT REAR ELEVATION

-1>
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Anchor brackets

{ sp @ 4"

rr- --
II @l @ @ @II 0

u- - -

View C-C

r 5/8" elia hex hd
bolts (8 per
bracket)

View B-B
(typ both en(~s)

Wire ropes

W-beam rail

Post blackout

View A-A
(typ Posts 3 thru 8)

FIGURE 33. WIRE ROPE BACKUP SYSTEM - TEST RBCT-3
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FIGURE 34. TEST RBCT-2
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r
I
I

.L f.

I
I

.J

.J L .. .-f ...l.__

-. ____~:;;_ ::Z_(~'::M/:

'j ~" i

l~·~li
CJ

10 (3)
10 (3)

RBCT-2

11/l3/81

, , .. SWRI 6628-1
100(30)

12 GA Steel W-Be.1.ffi
12.5(3.H)

26.8
-7. ~

Penelration

.......... 11-FL-3
, 11 FLEH 3

Angle - Deg
Impac t
Exi t _ _ .. _ .

Occupant Impact Velocity - FL/Sec (MiS)
Forward _ _
La teral _ .

Occupant Rideclown Acceleration - g' s
Forward .
Lateral .

Vehicle
Rebound Distance - FL (M)
Damdge

TAD
VOl

58.7 (94.5)
33.7 (54.2)

PosL (Soil Mounled)
M:Iteri:ll , .. , Steel
Dimensions - In (M) .. W6x9x72 (O.15xO.2J.l.8)
Embedmen t - In (H) 44 (1.1)
Spacing - Ft (M) ., 6.25 0.9)

Soil Type and Condition _. _ S-l/Dry
Vehicle

Model 1978 Ford LTD
Moss - Lb (kg) Test InertIa 4555 (2066)

Dummy 165 (75)
Gross, ,. , , 4720 (2141)

Speed - MPH (kmp11)
Impnc t
Exit

Test No .
Ddte ,.,_
Installdlion

owe No ..... , ... ,
Length - Ft (H)

Be~m Rail
Hember ....
Length - Ft (H)
Maximum Deflections

Dynamic - Ft eM)
Permanent - Ft (M).

Post (Footing Mounted)
Ma terial ." .... """,. _ , ... , . , Wood
Dimensions - In (H) 6xSx64 (0.15xO.2xl.6)
Embedmen[ - In (H) 36(0.9)
Spacing - Ft (H) 6.25(1.9)

Fl(;URF. 3=>. SUMMARY OF RESULTS. TEST RBCT-2
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__ 2"
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Wire rope

Blackout

U-bolts (4) - torque nuts to 130 ft-lbs

View B-B-------
(typical Posts J tllru 7; W-beam
omitted for clarity)

W-beam
Wire rope anchor

B r=l B

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

BCT REAR ELEVATION

pipe insert

1-1/16" dia hole (3)

fPost 2

/ /r-BCT bearing plate

Anchor plate

-~~

DETP1L A
~~---

+-

Hire rope

9-1/16"

nfTAIL - ANCHOR Pl.ATE

L , I

4" (~ ;

'--1 13"T r-

~

'-D

-'I" x 4" x 1/4"
washer

FIGURE 36. WIRE ROPE BACKUP SYSTEM - TESTS RBCT-l & RBCT-2
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FIGURE 37. TEST RBCT-3 IMPACT SEQUENCE
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24, Y
-3,4

6 (1.8)

U-fL-J
......... I I FLEhl 1

Angle - Deg
lmprJc t

Exil __ . _ .
OCCllp~nt 1mpact Velocity - FLjSe[" (Mis)

F'on.-J,lrd .. , .
LA t era I . _ . . . . ,

Occupant RldcdoWll Accc.ler;ltl0n - g's
fon.,rard
La l ercl}

VE'hi cle
Rebound DiSlclllce - Ft (M)
D..JIll<lge

TAD

VOl

559(H99)
JI.3 (SO I,)

lY78 f''c,rd LTD
1,527 (20')3)

,,, ]65 (75)
"692 (212H)

Test InerLi3
Ilummy
Gross

(kml'h)Speed - HPII

Impact

Exi L

Post (Soil !'-1DunLed)
H,lccriaJ .. __ ", SLeel
DinlP!lc;jons - in (M) H6x9x72 (O,l5xO.2J.l.R)
Embedment - In eM) , , ,. 4~ (1.1)
SpHdng - Fr (M) , ", 6.25 (I,9)

Soil Type ,1nd Condition S-l/Drv

Velli cl e
~[ndel

MclSS - Lb (kg)

21,6(599)
21 6(5~9)

RBCT- )

IN 10/8\

S\,JRT 6628-1
",100(30)

12 CA St~el W-Beam
12,5 (3, H)

. . . . . l.,lood

6x8x61, (0,I\xO.2xl 6)
, , , ' 36 (0.9)
____ , 6,25(1.93

'res t No. ..
Date. _.. _._

Installation
owe No. __ .,
Lenglh - Ft (M) ""

Beam Rail
Member .
Lenglh Fe (M) ,
Haximum Deflections

Dynamic - In (:-tH) .....
P~rmdncnL - In (Hi"l)

Post (Footing Mounted)
MatC!rL11 _ .
Dimensions - In (H)
Embedment - In (N) ..
Spacing - Fe (ft) ",.

~
'-J

FJClJl(f~ 38, SUHl-IARY OF RESULTS, TEST RilCT-]
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TABLE 1

SUMMARY OF BCT ACCIDENT CASES
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TABLE 2

SUMMARY OF BASELINE CRASH TEST RESULTS

Impact Condit~~____ Max 50 msec avg Vehicle Acceb~~
Vehicle Wei~t~ Angle, Speed, Longitudinal Lateral

~---Elect~
---------

Test Inertia Gross Location* ~~ ~ Cine Electr. Remarks----- .-- ------

ImCT-l 1837 2167 II -0.3 30.7 -9.0 -9.6 2.1 1.5 Vehicle yawed over 90 deg

WBCT-2 1848 217R II -0.3 59.0 -13.1 -15.0 3.7 7.9 Vehicle rolled on side

WBCT-3 11148 217R B 14.5 59.3 -14.6 -13.8 6.6 7.6 Vehicle rolled over

SBCT-l IR50 2180 II 0.5 60.0 -11.2 -15.2 5.0 4.5 VehIcle speared by rail

*11 - vellicl" centerline offset 15 In. from end post centerline

B - vehicle centerline In line "11th end post centerline
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TABLE 4

SMALL VEHICLE GEOMETRIES

A

Front bumper

_J 1 1- _

A1
I

I
B !

------- r
Dl

___ J _

9"-13"

membe]Lowec

A B C D---- ----

Ford Fiesta 19-3/4 15-1/4 7-1/2 6-1/4

[J()nda Civic 20-1/!f 16-1/4 9 6-3/4
(pre '70)

HondA Civic 19 14-1/2 8-1/2 6-1/ :2
('78 or later)

Cllevette 20-1/2 15 9-1/2 7

Rabbit 19-] /4 15 6-3/4 5- 3/ L!

Omni 20-1/8 15-1/ i3 8 (J- '3 / s

[(-car 2J-1./2 111 8-1/2 6- J/ lt

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 chronological sequence in which

they were performed.
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TEST WBCT-l

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.l

consisted of a 37.s-ft (11.4-m) long standard design wood post BCT

attached to a 62.S-ft (19.l-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. (lsO-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 lb (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 section. 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 accele!ations 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.l contains

results of high-speed film analysis.
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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

occurred 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 vehicle, 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.
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TABLE A.I

TEST WBCT-I FILM ANALYSIS RESULTS
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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

automobile at 60 mph (96.6 kmph) and a O-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-l; 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 lb (988 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 rotation 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 its rotation and the

rear section of the vehicle 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 vehicle

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

A.ll



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.ll.

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 unibody forward of 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-l, 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. In 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 embedded

in the dummy's forehead. An HIe 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.
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TABLE A.3

TEST WBCT-2 TRANSDUCER DATA

TFST -- \oI1~CT-2 VEHICLE TYPE -- "IINI-~lITO VEHICLE \'IT. -- ?I 7/1 LRS
TE<;T O~TF -- 0" /01/1 QA 0 I"IP~CT VELOCITY -- ~O.O "IPH IMPACT ANGLE -- 0.0 OF(;RFE5
TYPE DlI~"IY -- ~72-~0~ MALF OU~"IY LOCATION -- ORIVER TYPE RESTRAINT -- IL+5 ) PFLTS

1---------------------------------- ~CCELERATIONS-G·S ----------------------------------)
VEHICLE --- ----------- HEAO ----------- ------------ CHEST ------------ FEMUR LOAD-LRS

TIMF X Y P • Y 1 R 'd X y Z R SI LEFT RIGHT

.000 .0 .0 .1 -.0 -.0 -.0 .1 · -.0 -.0 -.0 .1

.0 I 0 -4.Q .0 ".Q • 4 -1.1 .2 1.1 · -.5 -.4 • 3 .7 · -10. -Q.

.020 -3.2 .2 1.2 .2 -.0 ." .A · -.~ -.3 .2 .7 · -12. -D.

.030 -1).11 3.1 7.5 -.0 -.~ -.0 1.0 · -.7 -.1 • :I .~ · -20. -2Q.

.0" 0 -11.'. -2." 17.6 .~ -.~ .4 1.1 · -.2 .7 -.1 .A 167. If" •

.0'i0 -17." 15.~ 21 ." -1.3 -1.1 -2.7 1.2 · ,-3.5 -1.2 -3.6 5.2 · ?7'J. -Q9.
• 060 -20.1 4.2 20." -.2 -.f- -6.0 6.1 2. -11.7 -1.5 -5.Q 13.? 'i. -IQ. -12Q •
• 070 -11.6 5.A 12.Q -.Q 2. I -17.Q I A. I Q. -?6.3 -2.9 -10.3 2A.4 24. 731 • -7'i.
• 0~0 -A.I) 7.8 11.7 -IQ.A -I:'IA." -19.0 141.1 f-"'5. -4S.3 S.6 .9 45.7 119. 113 • 65.
.090 -\7.4 8.3 19.3 -'i7.4 7.2 -31.7 1)6.1 I 2~ I. -"4.R 10.Q S.9 46.5 21)Q. -10. 2" o.

;J> .100 -10.1 1.4 10.2 -52.0 II).~ -2~.J ~ 1.7 1619. -lh.Q 3. I -3.1 \7 .5 322. -12'i. -12.
• 110 I. A -5.7 ".0 -2Q.l 1?4 1.0 32.0 \706. 'i.3 5.7 -1.3 7.9 32<;. -94 • -37.

N .I?O 4.0 -3.0 5.0 -11.2 .3 -?A 16.A \744. .6 3.') 2.Q 4.6 327. -7~. -62.VJ
.130 4.2 -2. I 4.7 -.1 -1.1 -2.A 3.6 1747. -3. I 3.9 ?1I 5.7 3?A. -41. -1\3.
.140 .9 -1.0 1.4 • A ".0 -? I 4 • 7 1747. -?4 ?4 I. R 3.9 3?Q. -3A. -~A.

.I~O -.? 2.0 ?O -7.~ .A -1.6 7.A 17411. -1.4 2.2 .4 2.7 32Q. -47. -60.

.11)0 -4.1\ 5.2 7. I -1.7 -.2 -I.f- 2.Q 17"Q. -?3 2.1 • 3 3.2 3?Q. -33. -?~.

.170 -3.6 7.2 4.3 3.~ .1 1.1 3.A 1749. .1 2.9 • 8 3.0 32 Q• -10 • I.

.IAO -.1 3.3 1.1 -1.1 • 5 1.4 I.Q 1749. .7 -1.2 .3 1.4 329 • -40. -24.

.IQII 1.2 2.7 3.11 1.1 1.0 .f' I. R 1749. 1.7 -3.7 -.4 4.0 330. -4'1. -20.
• 200 .9 3.f- 3.7 2. I .0 1.4 3.4 17~0. 3.4 -2.0 .2 4.0 310 • -10. -:n.
.?l0 -I.Q A.1 1\.3 1.9 .7 .A 2.3 \7'i0. 3.5 -2.6 -1.3 4.5 330. -33. -31.
.220 -2.2 2.2 1.1 .2 -.2 -I .~ 1.7 1750. 2.4 -2.1 -3.2 4.5 310. -I~. -21.
.210 -.'i -3.4 1.'i 2.0 -.f' -1.1 2.~ \7~0 • .? -1.3 -1.0 1.7 331. -II. -1\.
.240 .7 -.6 .Q 2.0 -.3 -.3 2.1 17~0. -.9 -.5 -.7 1.2 311. -2Q. -2'1.
.2'i0 2.7 .2 ?7 I • ~ -1.7 -2.3 3.'i 17~0. -." -.4 -1.9 2 .1 331. -57. -4A.
.2"'0 -. I 1.9 I. Q 3.3 -7.0 -I.f- 4.7 \7~0 • 1.0 I. I -I.S ? I 331. -53. -JA •
. no 1.2 .4 1.:1 1.0 -.f' -I." 2.0 17'i I. .4 .2 -1.3 1.4 331.' -:'13. -1'1.
.2~0 2. I -.3 2. I -. I -I.A -1.1 2.2 17<;1. 2.2 -.0 -1.0 2.5 33 I. -1<;. -31'.
.290 • '1 .9 1.2 1.<; -.<; -.f, I. R 17~ I • 2.7 -.Q -1.2 3.1 DI. -34. -22.
.300 1.1 -.9 I.~ ?O -.7 -.4 2.2 I 7'i I. 2.Q -2.7 -2.0 4.5 331. -2Q. -21.
.110 -.2 I.A I. R I. Q -.1' -1.<; 2.'" 1 7~ I. 1.<; -3.3 -2.5 4.4 112. -17., -26 •
• 320 -1.1 -." 1.2 2.2 .7 -?4 3." 17S I. .4 -1.2 -2.f, 4.2 332. -16. -30.
.330 -.? -.2 .7 2.0 .1 -7.1 1.r 17'i 1 • -.7 -2.2 -I.Q 3.0 31? -23. -78 •
• 340 -2.1 -4.2 ".7 3.? -.? -.3 1." I 7'i I • I.f- -1.3 -.7 2.7 3V. -I"'. -D.
.3<;0 ?7 4.0 ".f' <;.'" .7 -.~ 5.7 17<; I • .A -1.4 -I.] 2.0 333. -21. -21 •
• 160 -.7 1.2 1.1 ~ .1 .Q -1.4 f,.~ 17~2. • 7 -2.3 -1.9 3.1 331 • -31. -20.
.370 ?') -?3 3." 7." .3 -.4 7.A 17<;3. 2.3 -1.8 -1.2 3.2 333. -II • -?I •
• 31'0 2.7 ." 2.1' 7. I 1.0 -.~ 7.1 17<;3. ? I -3.3 -.'1 4.0 333. -2 I • -\7.
• 390 -3.6 J3 .3 J 1.1\ 6.4 .'1 .0 ~.'i 17<;4. 1.4 -1.9 -1.1', 2.'1 114. -?~. -21.
.400 3.0 5.5 ~.1 2.2 .2 -.6 ?'i 176"'. 2.4 1.0 -2.0 3.4 33Q. -?O. -70.
.410 2.2 10.~ 10.7 7. I .7 1.3 7.3 171) 7. 4.7 3.4 -\.'1 5.A 33Q. -1<;. -I~ •
• 420 1.5 f' • I ".A 17.7 5.7 -3.5 14.2 1771. 3.3 ~.3 .J 7. I 3'i0. -2f'. ??
.410 .f, f,.f' ~.I\ ".'1 7.9 -2.f' ~.4 1777. ".0 2.1 -4.0 "'.0 351. -3~. -4.
.4"0 1.5 1'.4 Q.I 1. 1 3.0 -I)." H.2 1771. A.'i 13.7 -7.1\ I7.Q l'i7. I Q. -31 •
• 450 .7 -.1 .7 7.~ 7.0 -Q.7 14.2 I 7R n. \.J 5.~ -1',.2 A.~ 3~3. 37. -<;1.



TABLE A.3 (Cont'd)

"AX Ho1A--T 1,",1' X/I-------5Fr y/R-------<;FC 7-------SI'C R-------SEC 51------5FC

VFHICLE
HFA[1
CHF<;T
FF"'lIR

-? 1.4
-<;9.7
-4".7

J?4?Q

.O~?

.09 I

.0"7

.07?

19 .';

-13" .~

17.7
]9A.4

.0<;]

.OA I

.194

.19]

-'>O.?
P.A -

.O'l?

.394

?fl.]

I 4? I
'; 1.0

.0';]

.079

.OA7
17" o. I

J1i3. I
.4<;0
.4'>0

;J>

N

"""

CUMULATIVE PFPln[1 F[1R lior; LFVFl IS

HIe IS 10"?? [1lIRING .07'; TO .10] SEC

.0 '"'SEC



TABLE A.3 (Cant'd)

Tf<;T -- IoIf1CT-7 VfHICLf TYPE -- ,",INI-~UTO VEHICLE IoIT. -- 217/l Lf1S
TfST flATf -- 04/01/l'lAO I,",PACT VELOCITY -- lio.n ,",PH I,,"PACT ANGLE -- 0.0 DfGRffS
TYPE flU,,"MY -- S7?-~0. MALf flll,",,,"Y LOCATION -- POSSENGER TYPE RESTRAINT -- NONE

(---------------------------------- ACCELERATIONS-G'S ----------------------------------)
VfHICl f --- ----------- HfAfl ----------- ------------ CHEST ------------ FEMUP LOAD-LFl<;

TIME X Y R X Y l P SI X Y l R' SI LEFT RIGHT

.000 .0 .0 .0 -.0 -.0 -.0 .0 .0 .0 .0 .0
• 010 .0 .0 • 0 • /l • I I. 'l 7.1 · .0 .3 -.1 .] · -4 • 7 •
.020 .0 .0 .0 .7 -.'l 1.1. 2.7 · .0 .2 -.0 .2 · -7. -12.
• 030 .0 .0 .0 I • f1 .9 I.CI ].1 · .0 .4 ." .Il · 10. -4 •
• 040 .0 .0 .0 I .4 -.Ii 2.~ 1.7 · .0 -.'l -.0 • 'l · - . -4 •
.050 .0 • 0 .0 .~ -.4 2.5 2.7 I • .0 -2.7 • 3 2.7 · -17 • -13 •
• 0liO .0 .0 .0 2." • 5 ].2 4.7 I • .0 I .0 .9 I .4 · -21 • ]'l I •
• 070 .0 .0 .0 I • 'l I • I -1.7 6.1 I. .0 -.7 -].4 ].5 · 1]4. 150 •
.OAO .0 • 0 • 0 -1.1 I • A ".2 ~.7 I • .0 -.6 5.0 5.1 I • 4]. 124 •
.090 • 0 .0 • 0 -II • I I .3 -'l.O 14." 4 • .0 -5.5 1.1l 5.A I • -77. 631 •

• 100 .0 .0 • 0 -24.9 ].A ]./l 7~.7 l'l. .0 -1.8 -12.4 12.S ]. 97f1 • 1]'l5.

• I 10 .0 .0 .0 -45.0 10.1 -19.'l 61 • I 22\ • • 0 -2.1 -1).3 A.9 21). 521 • 5A3.
• 120 .0 .0 .0 -1..7 .5 26.0 77. 'l ]07. .0 -IA.5 -5.7 19.4 41. 324. 4 •
.DO .0 .0 .0 12.5 -IO./l 70.] 77.7 AI3. .0 -9.5 -.R '1.(, <;0. -A'l. -I~.

;t> • 140 .0 .0 .0 10.4 -'l.7 20./l ?~.1 7 'l ]. .0 I .3 10.0 10. I ~1. -1"(,. -I'l.
• ISO • 0 • 0 .0 -??1 -(,.2 -2'). I ]4.1 AP • .0 -5.4 6.4 A.] 5S. -AA • n.

N
• 1"0 .0 • 0 • 0 -7.<; -3.4 -32.5 ]1." A'lA. .0 3.1 -1.4 3.4 5'0. 9 • 7 I •\.Jl
• I 70 .0 .0 .0 -(,.'l -].0 7.7 10.A 'lIO. .0 .8 -4.6 4.7 Sf,. I I A. 71.
.IAO .0 .0 • 0 -1'.4 I.A -2. 'l 'l.O 914. .0 .7 -2.0 2.1 Sli • 70 I • 71A.
• 190 .0 .0 .0 -I I .;> 1 .0 3.1i 17.4 'l70. .0 -.4 -4.5 4.5 5". 47. 220 •
.700 .0 .0 .0 -7.1 .1' -I.? 7." 921. .0 1.2 -.A I .5 57. 4/>2. (,10.
.210 .0 .0 .0 -4.9 I • <; -7.1 5." 924. .0 .0 -.0 .3 57. -A I. -So
• 220 • 0 • 0 .0 -~.4 1.1i -I. I' 7.0 92S • .0 -17.] I • A 17.4 5'l • -Ii I. -50 •
• 2]0 • 0 .0 .0 -S.l I./l -1.0 5.A '17':'. .0 -/l.'1 4.7 10. I ':>4 • -'l2 • -27 •
.240 .0 .0 • 0 -4.~ • 5 • 7 '0.1 'l?7 • .0 -3.6 I .0 ].7 66. -5S. A•
.250 .0 • 0 .0 -." • f- -I.'l 7.4 927 • .0 -1.2 -1·.4 1.9 ,:,,, . -]0. ".
.?60 .0 • 0 • 0 -I .1 -I. I -1.4 2.1 'l?7. .0 • 4 -.'0 .7 6(, • -14 • 2] •
.270 • 0 • 0 • 0 -4.0 -1.2 -. I 4.1 'l27 • .0 1 .? -.Q 1.5 6(, • -18. ] I.
.7RO .0 • 0 .0 -7.4 -3.1 -.3 4.0 'l7A. .0 1.6 -.4 I • Ii 6(,. I • 71 •
• 290 .0 • 0 .0 -2.9 -1.(, -1.5 4.9 'l;>A. .0 .6 .0 .6 Ii(, • I A. '10 •
• 300 • n .0 .0 -4.'l -1.5 -.f, (, • I 'l2'1. .0 -1.1 -7.] 7.1i (''' . -]0. <;9 •

• 1 10 • 0 .0 .0 -4.7 -3.6 -.f, A.O 910. .0 -1.1 -1.5 2.0 "". -A. 47 •
.320 • 0 • 0 • 0 -].0 -4.1 - I .0 5.1 93 I • .0 -1.2 -I .0 I • f- ",:,. -14. ] I •
.130 • 0 .0 .0 - 3.0 -4.0 • 7 5.1 'l12 • .0 -I .0 -.0 1.0 6':'. -5. JA •
• ]40 .0 • 0 .0 -2. I -2.f, 3.] 4.1' 917 • .0 -.3 1.4 1.4 /if.• -15 • 21 •
.150 .0 .0 • 0 -I. A -I .4 • A 2.S 'lll • .0 -3.3 I. J ].5 ':'':'. -]2. 6.
• J(,O .0 .0 .0 -?o -1.7 2.9 J.9 Q11 • .0 -1.9 1.5 2.4 li7. -3<; • ? I •
• 370 .0 • 0 .0 7.'l - I • I J. I 4.<; Ql'. .0 -.2 • 6 • A (,7 • -72 • 2<;.
• JAO .0 .0 .0 7.'l -.'l .5 1.7 'l14. .0 .4 -.1 .4 67. -75 • 27.
.1'lO .0 • 0 .0 7.7 -I. Cl -.0 1. I 'l]4 • .0 I .2 -1.1 I .7 1-,7 • -21. 17-
• 400 .0 • 0 .0 7.1 -2.0 1 .7 1.'l 94" • .0 -.'1 -2.1 2.5 70. 1<;1-,. I O'l.
.4 10 .0 .0 .0 1.7 -".'l -3.] 7.1-, '14/l. • 0 -3.9 -<;.1 6.4 70. 311. 141 •
.4?0 • 0 .0 • 0 ".7 - I 0 • 1 - A. I 14.7 'l<;I-, • .0 -I-,.'l -7.2 10.0 71. .1<;4 • IS4.
.410 .0 .0 .0 -. I -10.f, -fl.l \?4 9f-l. .0 -/l.'1 -6.2 10.9 7<;. 47 • 17-
.440 • 0 .0 .0 -4.2 -7.A -').1 10.1 'If.A • .0 -13.0 -2.<; 11.2 1\ I • -1<;7. -27.
• 4S0 • 0 .0 .0 -it.l -7.(- -'l.7 12.1 'l70 • • 0 -7.9 -.9 A.O Al • -I'l. -41 •

-------- --

*It('slIltallL of Y 0'11111 Z (l.cI'rderaLlolIs only.



TABLE A.3 (Cont'd)

MAXIMA--TI"F x/L-------q C y/p-------SFC 7-------SEC p-------SEC <;I------<;E(

VEHICLF
HEAD
CHEST
FEMUp

.0 .450 .0 .4<;0 .0 .4S0
-<;?l • 104 -13.3 .4]4 11.7 .129 73.1 .12Q Q70.'i .450

.n .4'10 -73.7 .11'1 -31.f:, .108 ]2.0* .IOA !'3.3 .4'10
1117.7 .103 IS77. I .nQA

~

N
0'\

CIIMIJLAT!VF PEPIOO FOP IiO(.; LEVEL IS

HIe IS IiSS.!' nUPING .OQ7 TO .If:,) SEC

*R~sultant of y ~nd Z accelerations only.

.0 MSEC



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 l5-deg angle. The target impact

point was the centerline of Post 1.

Test Installation: The installation was the same as that used

for Tests WBCT-l and -2; all damage sustained in Test WBCT-2 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 un

restrained. Total weight of the vehicle, dummies, and instrumentation

was 2178 lb (988 kg).

Performance: Impact conditions were 59.3 mph (95.4 kmph) and a

l4.5-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 vehicle 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

to roll and finally resulted in a complete 360-deg rollover before

coming to a stop approximately 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 sho~,n 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 data 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 land 3, and the buffer end section required

replacement prior to further testing. In 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 rollover vehicle

damage was very extensive. Approximately 24 in. (610 mm) of 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-2,

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. Also, 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.

A.28
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TAIlLE A.5

TEST WBCT-3 TRANSDUCER DATA

TEST -- WRCT-3 VfHICLE TyPf -- ~INI-AUTO VEHICLE "'T. -- 71111 LRS
TfST IlATf -- (l4/11/1Q/10 IMPACT VELPCITY -- 60.0 MPH I,",PACT AI\IGLf -- 15.0 Ofr,PHS
TYPE OIlM ... ,\, -- <; 1;>-<;0'" MAlf OIll'MY LOCATION -- ORIVfR TYPE RESTRAINT -- Il+SI Rft TS

I

1---------------------------------- ACCfLfRATIONS-G'S ----------------------------------1
vfttl Clf --- ----------- HEAO ----------- ------------ CHEST ------------ fE~lIR LOAIl-lHS

lIME • y R • Y 1 II SI ~ y Z R SI LHT RIGHT

:000 -.0 .0 .1 .0 .0 .0 .0 · .0 .0 .0 .0
.010 -4.11 .7 4.R -.7 -.1 -1.11 1.9 · -J.O -.9 -.l 1 .4 · 3. 1.
.020 -2.5 -.1 7.5 -.4 .1 -.3 .t:; · -.3 .2 • 4 .6 · 10 • -2.
.030 -2.4 -1.3 2.7 -.7 -.1 -.9 1.2 · -1.2 -.9 .0 1.5 · 6. -5.
.040 -11.1 -4.9 17." -1.<; -.4 -1.6 2.l · -I.? .2 -.7 I .4 · 51. 1.
.050 -20.6 ".9 ?".4 -4.R -.3 -3.11 ".1 · -.6 -3.1 -.6 3.R · 1"3. 1"6.
.0hO -21.4 1.0 ? 1. 4 -11l.9 2.B -1.4 ? 1.4 5. -10.<; .1 -1.0 10.1 II. DOS. 395.
.070 -13.0 11.1 11.0 -R.1l -.5 -.9 9.1 I 10. -21.A -3.0 .4 21.9 45. 410. -163.
.080 -1.1 II .1 II .Il -5A.II ?4 -?h.O 63.1 HI! • -34.2 -4.5 24.6 42.5 I?t>. -5. -109.
.090 7.1 -.1 ?3 -II .4 -6.1 -R.O 15.3 IlA5. -43.4 4.2 • 6 43.0 311. -19" • -113.

~ .100 -1.0 -I." I.R -h.9 1.4 18.3 19." 1198. -11." 2.6 1.7 J7 .9 3511. -114 • -II?.
· II 0 1.9 -1.8 7.h .? 1.9 -h. I 6.1 905. -6.3 -.1 -. I 6.3 361. -7611. -70.l,,)
• 1;>0 - 1.4 -3.0 1.3 J." • 1 -3.6 5.? 90/,. .6 .3 -.8 1.6 367 • -113. -)B.\D
.130 -1.7 -1.8 ?5 -3.9 1.4 -.? 4.7 90f. 1.3 -.2 ?.1 2.6 3"2. -4 O. 111.
• 140 -1.4 1 .1 I. R -".3 1.4 -7." 7.0 901. 7.9 -1.8 1.0 3.6 36? • -2A. -19.
.150 -1.4 .11 I ." -3. Q 2.S • S 4." 90A. 2.1 -.3 .1 2.8 362 • J. -II.

• 1"0 - ..... 1.5 1.6 -6." 1.1 I.? ".1 909. 4.t- -.3 • 0 4.6 363 • -1". -22 •
.110 -.1 • 8 I. I -5.6 1.2 2.1 ".? 911. S.4 -1.6 .6 5." 364. 3 • 8.
.1 flO -.7 7.0 7.1 ." -.3 -.1 .11 911. 3.S -1.4 ].0 4.9 31>4. I? • -1.
.190 -1.1 I.R 7.1 -." -?1 -.1 2.9 911. 2.0 -3.2 ." 3.9 3"~. 22. -12.
.200 -.4 2.4 ?4 ;> .1 -4.9 -1.4 5.~ 9!?. .] -.4 1.3 1.4 ]65. 3S • -3.
.210 1.1 3.3 3.5 <;.9 -P.t- -.1 10.5 914. - .1 -2.4 -.2 2.S 3"5. 21. -12.
.220 .A 1 .0 I. ] 3.9 -6.4 -3.3 8.3 911. 1.3 -2.2 -.4 2.6 3"S. 28. 13 •
• 210 -.1> .1 .9 • I -4.1. -.Q 4.7 918. 1. R -.4 -1.8 2.6 365. -1. -13 •
• 240 .2 -.1 .? -.1 -2.1 -? 1 ].4 91R. 1.9 -2.2 -1.11 3.4 165. -10. -II.
.2<;0 .11 .1 .R -.6 -?O -?t- 3.4 91R. 2.2 -.6 -2.1 3.1 ]"5. -14. -12 •
• 260 -.1 .4 .4 -.1 -1.0 -.6 1 • ;> 91A. 1.3 -.3 -1.3 1.9 365. 2. -15 •
.210 .9 .2 .9 • 1 -.3 -1.4 I ." QIIl. .4 -1.4 -1.7 2.3 Jf,f,. -2. -1 J.
.2RO .5 .3 ." .l -.0 -1.7 1. 9 911l. .7 -.6 -I.? 1.3 3M... 14. -1 •
• l90 .0 -.9 .9 -. I -.1 -1.9 1.9 91Q. ." -.1 -1.6 I.B 3"1.. -5. -14.
.3011 I." .0 I." .5 -.1 -I.? 1.<; 919. .0 .A -.1 I • I 3M. 22. 9.

----~ -----~~-,

Reproduced from I
best availa ble copy. ~
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TABLE A.5 (Cont'd)

TEST -- WflCT-3 VnQCL[ TYPE -- IoIINI-AUrO VEfJICl£ WT. -- 2118 LAS
TEST OHf -- OA/ll1l9AO I"PACT VflOCITY -- 60.0 IoIPH IMPACT ANGU -- 15.0 OfGRff5
TYPE DUMMy -- ~17-<j0'" MALf DliloIMY LOCATlml -- PAsSfNGEll TYPE RESTRAINT -- NONE

c-----~~--------------------------- ACCFLERATIONs-fi'S ----------------------------------1
VEHIClE --- ----------- Hf.AO ----------- ------------ CHE~T ------------ ff ..UR LOAD-I. AS

T1"f. It Y II It Y l R ST It Y l R SI UfT IIIGIIT

.000 .0 .0 .0 -.0 -.0 -.0 .0 · -.0 .0 .0 .0 · -. -.

.010 .0 .0 .0 .6 I.~ -.;> I .f! · .5 -. I .2 .6 · 14. 14.

.070 .0 .0 .0 .1 • f.. -.0 I • I · .3 .1 .l .A · 5. n .

.030 .0 .0 .0 -.7 .7 -1.5 I • 'i · -.3 -.6 • 3 .8 · -II. 3A •

.040 .0 .0 • 0 1.4 .f! -.1 1.1 · .? .8 .9 1.2 · 25 • 131.

.050 .0 • 0 .0 .6 .11 -3.1 3.'1 · .9 -.3 -4.8 4.9 · 17t-. 111 •

.0hO .0 • 0 .0 1.1 1.0 -.3 7.1 I. -I. I 1.1 .5 2.1 · SA. 411 •
• 010 .1) .0 .0 4." 1.0 -2." 5." I • -.1 2.6 1.9 3.3 · nl • 140.
.0110 .0 .0 .0 5.l .4 1.5 5.f.. 2. -1.0 1.4 l.t; 4.0 I • I t>O. 10 J •
• 090 .0 .0 .0 -31.'1 l'i.l -?9.7 50.1 44. -.J 1.1 3.1) 3.9 2. 1t-5 • 1M••
.1110 .0 • 0 .0 -10.1 -;>.3 -4.3 11.1 141 • -5.7 -11.1 -4.1 13.1 7. 447. 351 •
• 110 .0 .0 .0 75.11 1.0 2.7 26.'i 17t-. -17.5 -6.2 -1.? 20.0 30. 821. -17.

:P- .120 .0 .0 .0 2.'1 1.7 7.~ 11.3 III? -110.9 2.3 -6.0 lll.l 39. "IA. -44.
.1l11 • 0 • 11 .1) ;>.6 ?" 4.A ".? 190 • -16.10 -1.0 -4.6 11.2 111. 415 • ]1.

-I:' .140 .0 • 0 .0 9.7 -3.lI 10. I 14 .0; 1'14. -9.9 .1 -2.2 10.7 8'1 • 250. III •...... • 1.,0 .0 .0 .0 -4.1 -3.1 -1.3 'i.4 1'16. -9.0 2.0 -1.1 9.2 94 • 131. -J.
• It-O .0 • 0 .0 -fo.6 1.7 -9.5 11.7 200. -Io.l 1.2 .] 6.5 95 • 9l. 17.
.171) .0 • 0 .0 -7.'i -1.10 -15.l 17.2 210. • I 2.5 -2.2 3.4 'Is • 104'. 36.
• I 1'0 .0 .0 .0 -4.A .7 -13.3 14.1 7n. ;>.4 1.5 -2.2 3." '15. III • 34.
• 1'10 .0 .0 .0 -.1 1.4 -1.0 7.4 ?31. 4. I 1.2 -1.4 4.5 9". 175. ...?
.21)0 .0 .0 .0 -3.5 1.1 -1.0 10.1 ?:;l4. :;l.5 1.3 -3.2 5.0 97. 1011. 45.
.710 .0 .0 .0 -6.5 3.4 -4.0 8.4 71h. 4.6 2.1 -2.4 5.6 97. 34. 20.
.?20 .0 • 0 .0 -3.1 1.'1 -6.0 7. I ;>lfl. ;>.f, 2.4 -.10 3.t; 'HI • 4 I • 9.
.;>10 .0 .0 .11 1.4 -.? -10.5 6.7 739. -.;> -1.8 -I. I 2. I 9A. 13. -)!t.
.740 .0 .0 .0 • I - .1 -5.11 5.11 240. .7 -.8 -I. I 1.5 9R. 34. 4 •
.2'IjO .0 • 0 • 0 .4 -.3 -l.l ].9 240. -.'1 -7..4 -.9 2.A 98 • R. -25.
.lhO .0 • 0 .0 -?ll 4.4 -3.1 /l.l ?41 • -1.2 -4.6 -.2 4.R 911. 102. 4.
.210 .0 • 0 .0 -2.9 l.?, -t-.O 7.4 ?42. -?5 -4.7 • I 5.3 9'1 • ?O. -26 •
.leo • /1 • 0 .0 .5 1.1 -3.A 5.1 2 4 4 • -7.3 -3.9 • I 4.5 100. 55. 10.
.790 .0 .0 .0 -.7 .5 -4.5 4.6 244. • l -2.1 -. I _ 2.1 100 • 410. -I.
.lOO .0 • 0 .0 -.'i -.l -3.5 l.1l 74<; • .4 -.5 • I 1.0 100. 110. 25.





TABLE A.5 (Cont'd)

MjI~IMjI--II"E ~ Il------- c;F ( y/fl-------SfC 1-------5£C R-------5£C SI------5F(

VEHICLF .0 .100 .0 .100 .0 .300
Hf.AO -<;0.4 .091' 1/1.0 .091 -19.9 .0119 511.11 .097 2H.t. .300
CHESI -::IS. 1 .1i'4 -13.9 .10,. -14.0 .096 ::11.9 .124 99.9 .300
ffMUR /I?I." .110 481.1 .0<;9

CIlMIlLAlIVf PFfllOO FOR foOr. LEVEL IS .0 "5H

;J>.
~

IV

HIe IS 113.4 pllfllNr. .0I1R 10 .09/1 5EC





TEST SBCT-l

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 O-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. ;0.69 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. 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 lb (989 kg).

Performance: Impact conditions were 60.0 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. In 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 yawing 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
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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 vehicle 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.3l 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 but were undamaged. The

buffer end section and two rail sections were damaged and required

replacement. The concrete footing at Post 2 was rotated slightly in

the soil and one anchor bolt failed.

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

severe. ~laximum 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 door 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 of 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
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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.
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TABLE A.6

TEST SBCT-l FILM ANALYSIS RESULTS

SU~MARY OF VEHICLE KINf~ATIC AND DYNAMIC DATA STEEL POST BCT TEST S~CT-I 1>/5/110

IIEHICLEC. G. HEADING VEHICLE VELOCITY VEHICLE ACCtLERATION(G"S) APPROX. HARRIER
T I ME AFT~H _COORO!!"I!TESlfTl ANGLE (F T/SEe l_

.~ l-._ AT TIME T AIIEHAGE AllER .O~ SEC.---- FORCES lLElI
If'fPACT(S(C) " Y (OEGI LONG LAT - - -- LUNG _____ .LAT LONG LAT _ X Y

0.000 -4.81 - -~.-

2.61> .47 118.02 4. 10 -3.90 2.89 0.00 O~OO 11193. -6692.
.010 -3.93 2.67 .29 116.11> 4.97 -7.53 _. 2.99 0.00 0.00 16093.

---
-7257.

.020 -3.09 2.68 .23 83.32 5.39 -10.1T 2.71 0.00 0.00 21915. -6783.

.030 -2.27 2.71 .37 79.1l3 5.37 -I 1.64 2.19
.

-9.119 2.26 25212. -5524.
.040 -1.49 2.74 • 76 76.06 4.96 -12.03 1.52 -10.96 1.79 26169. -3763 •
• 050 -.7. ".71l 1.42 72.30 4.2• :-11. 112 .7\1 -11.21 1.20 25334. -1771.
• 0bO -.04 2.82 2 •.11> bll.75 -- 3.21 -10.73 .06 -10.8. .55 23398. 20" •
• 070 .63 2.H6 3.5" 65.52 1.119 -9.67 -.. _, --- :-.60 -- - I 0.11 -.06 21020 • I 'hI3.
.OHO 1.27 2.90 5.00 62.59 • 28 ,--- -8.66 -1.10 -9.25 •• 58 111723. 340" •
• 090 I.HIl 2.'13 6.65 59.'12 -1.60 -7.1l6 - 1.4 I -8.45 -.95 ___ ,16842 • 4394.

',,--
~-- -""

• 100 2.47 2.96 8.44 57.41 -3.,U. _) _, ,___ -7.32 -1,49 -7.81 -1.12 15522. 411'11.
, I 10 3.03 2.91l 10.40 54,96 -5.98 --- -7.01 -1.31 -7.]5 -- -1.06 14741>, 491d.
.120 3.57 -- 2.99 1"."0 52,47 -8,29 -- -6,86 -.119

-
-7.05 -.7B 1"386. ....93.

.130 3.00
-,

49,90 -10,52 -6.75 ------.. -- --.27
-.29 142411.4.09 14./11 , -6.B4 ]6'14.. --" .._- -- - .. -

• 140 4.59 ].00 17.0 .. 47.2b -12.54 -6.57 .50 -6.61 .]" 14133, 2572 •
:» ,J 50 5.07 j.oo 1".41 ! 44.60 -14.27 -6.25 I.]] -- -6.29 I. 10 ,1]866. 1249.

.160 5.53 2.99 <:1.75 42.00 -15.1l] -5.73 2.15 -5.tn 1.87 13333. -I'H.
\Jl • 170 5.'>17 2.99 <,4.09 ]9.57 -16.60 -5.02 2.87 -5.l1 2.511 12490. -1"55 •0' ._i ,--- >-- --- --

olI'O 6.]9 ------2.98 21>.41 ]7.]7 ---- -
-17.20 ----- -4.15 ---- ]."5 -4.45

--
3. 19 11362. --3057.

• 190 6.79 2.99 214.68 ~ ]5."9 -17. 4 8 -3.21 3.1l6 -3.59 _3.65 10039. -4]23.

-17.52
-- -_.

4.09 -2.71 A651. -5394..200 7.18
,-

2,99 3U.1I9 3::'.'14
.-- - -2.l6

._~-

3.96
.210 7.56 3.01 33.04 ]2.7] -17.31:1 -1.40 4.19 -1.117 4.13 7350. -toU5.
.270 '7.'12 3.04 35.1] 31.80 -17.14

.---.
-.71 4. I b -1.15 4. i 8 62b5. -67!!".. - --

.230 tJ.28 3.07 37.17 31.0'0 -16.84 -.23 4.13 -.60 4. 17 5510. -7072.

.240 11.62 3. Ii' ]0.51 -16.53
-.-.-

-.00 4.06 -.<:7 4.12 5]27. -7077.
- ._-]. I 7

]9.15_
- - -- - ---~

-4.0] '- .------- 1;.09 5550.--- -!'la21..250 fl.9b 41. I I 29.98 -16.22 -.02 -.I!>
.260 9.29 ].24

--
29.41 -15.90 -.27 4.07 -.<:7 4.09 6231. -6332.43.05

---- -

.210 '1.62 3.32 4<'.00 28.72 - --- -1~.57 -.70 4.17 -.56 4.16 7291. -5645.

.2HO ':1.'1] 3.40 46.911 27.86 -15.20 ------1.26 -----
".3'> -1.00 4.2B 11610'- -4803.

• 2"0 10.22 3.49 4H.99 2b.B2 -14.76 -1.86 ".56 -1.51 4.46 10033. -]11';] •

• 30U 10.51 :--3.59 5), 05 25.58 -14.23 -2.45 4.79 -2.04 4.b5 i1311B. -21\44 •
.]10 10.77 3.1>9 53.16 24.IB -13.59 -2.Y6

- --~-.

".99 -2.53 4.84 12509. -1821.
.320 11.02 ].79 55.30 22.66 -12.66 -].33

-------
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-
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.]70 11.911 4.31 "5.52 15.l8 -tl.98 -2.B6 ].08 -2.tlS 3.100 8796. 2567.
.]AO 12.12 4.40 b7.1!> 14.17 -8.54 -2.44 2. J7 -2.51 2.5Y 6526. 2811.
.]90 12.25 4.49 6H.55 1].26 -8.]4 -1."8 1.18 -2.12 1.70 4089~ 2'125.

.400 12.3B '>."11 6'1.l>b 12.53 -tl.31 -1.52 .20 -1.71 .77 166". 2903.
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TABLE A.6 (Cont'd)
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- --

-.19 _-__=~_ 907, ____63.49 -.59 -.43 . .- --- ?58.
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.520 14.15 5.37 ----60.00 12.99 -10.37
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TEST BBCT-l

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 mph and a O-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 G4S (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 6xB timber in a concrete footing; thereafter, all posts and block

outs were soil-mounted W6x8.5 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 recommendations of SAE J972a, but had the heavy steel front

bumper assembly replaced with a 6x8 wood bumper. Total weight of

the bogie was 1846 lb (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 points.

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 usable.
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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 degl

12.5 ft which is considerably below the threshold value of 10 degl

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 I value should not
yaw

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-l

A.62



:~

: ~']

'Impact 0.1 sec o.~ sec 0.3 sec 0.4 sec

[~~- 'G
I

--!I

f .: 'fj'+-,-~J

'"
0'
w

__ Q.::: C,
~-

53°
c.:) L-=r- ~ J C J 1- _ _. .1 ~ [ .; L .J_____,~_ .. _._.:.j1 l' c~
,. . I I 1-';

I, : I! 'i 1 I:
:) ~ _ I L - _ ,l. _."~ ...- -.cf: 1 "-I'~ L - -- --,,:~ -----=tl ,- J [ ~ r:: ] r [ -, [ ,L

~ ~ f f ft' .-
___ Ii! F f I f f

CJ
r--
I
L

L

C-..::
--I~

i i_
~9_jt

Tes t No. BBCT-l
Date 2/24/81
Vehicle Bogie
Vehicle Weight (Including instrumentation) 1846 Ib (837 kg)

Impact Speed 56.2 mph (90.4 kmph)
Impac tAngle -0.2 deg
Exit Speed 39.7 mph (64.0 kmph)
Exit Angle -5.3 deg
Vehicle Accelerations (max 50ms average)

Lateral -1. 8 g
Longi tudinal - 3.5 g

FIGURE A. 34 SUi-frlARY OF RESULTS, TEST BBCT-I



FIGURE A.35 BARRIER DAMAGE, TEST BBC-l
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TABLE A.S

FILM ANALYSIS DATA
TEST BBCT-l
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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 bogie vehicle impacting

the buffer end of the system at 60 mph and a O-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 at the upstream end.

Posts 1 and 2 were 6x8 wood installed in concrete footings and the

remaining posts were W6x8.5 steel mounted in the soil. Height of the

W-beam front rail was 27 in. (686 mm). To improve its performance with

l800-lb (8l6-kg) class vehicles several modifications were incorporated

into the standard configuration 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-lb (837-kg) bogie vehicle used in

Test BBCT-l was also 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 ~nd 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 bogie 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
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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 translation 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 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 2l70-lb (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-2 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 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 lb (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

overrode these posts the vehicle was launched slightly 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 16 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 ar~ tabulated in

Table A.lO. Data from vehicle and driver dummy transducers are shown

in Table A.ll and plotted in Figures A.4l 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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TABLE A.10

FILM ANALYSIS DATA, TEST WBCT-4

<'lJ""'AIJY OF Vf"ICLF I'/NF"lATIC ANIl ('YNA"'Ic DATA WUOD PUST RCT TEST ~PCT-4 4/R/Rl

Tl"'F AFTFP
I'<PArTISFC)

VEHICLF C. r,.
COOfH)J~'ATF<,IFT)

X Y

HfAIlIN(;
AN(;LF
(f'FGI

VFHICLf VfLOCITY
CFT/SECI

LONG LAT

~EI-IICLf. ACCELERIITIONI""C;)
liT TI~E T AVERAGE AVEk .05 SfC.

LONG LAT LONG LilT

A!'f'flOX. I1AR~IEH

FOIJCfSILtil
X Y

;J>

co
N

0.000
• 0 I 0
.O?O
• 0,0
• 040
.0'i0
• nhll
• 070
.nRO
.090

• 100
• II 0
• I?O
.1 1 0
• 1 4 0
• 1"0
• I 1',0
• 110

• I AO
• 1 9 0

• ?OO
.?IO
• ??O

.no
• ?40

• ?"O
• ?f,O
.770
.?f'O
.?90

.,00
• .1 1 0
• VO
• 330
• 140
.3"0
.3"'0
• 170
• .1f'0
• 190

-7.9h
-7. 10
-h.?h
-".4b
-4.h'l
-3.Q4
-1.21
-?5h
-I. 9 I
-1.10

-.71
-.14

.41

.'14
1.47
I .<j~

2.')0
3.01
1.52
4.01

4.54
0,.01>
S.SA
h. 10
h.h2
7. 14
7 .... 7
P. 19
'1.71
9.?1

9.7')
10.?6
I 1).71
11.?Fl
II .7f\
p.n
);'.70,
11. ;>\
11.h'i
14.0'1

?Q7
,'.99
1.00
3.0?
1. 03
1.04
3.0h
3.07
1.0R
).09

3. 10
1. I I
1. I?
1.14
1. I h
1.11
3. 19
1.72
l.?4
1.n

1.?"
1.1?
3.15
1.17
3.40
1.4?
1.44
3.4h
3.4Q
1." I

1.S3
1.Sh

1.""
3.h3
1.h7
1.71
3.77
3.A?
1.RA
1.94

• n3
• 95

1.41
?03
2.1<1
3.7"
4.R1
h.04
7.17
R.7f'

10.?h
11.71\
1].11
14. "4
16.3'1
17.R1
19.71
20.hh
??O?
73.34

74.102
?<'.89
71.1"
?P.40
?'1."'''
30.91
3?1 'I

13.4"
14.72
1~. 9'1

)7.?4
31'.47
)Q.hP
40.AL,
42.01
43.lh
44.31
45.'"
4h.PO
.. f\. Ie,

Al.12
A4.Flt>
R?17
79. I?
7,>.A4
72.43
1>'1.00
b'i.hl',
h2.')1
59.hl

':>7.04
'>4.'1)
5?9Q
'i I. "?
50.40
49.S7
4B.9Q
4Fl.hO
411.)3
4H.13

47.93
47.70
47.41
47.0.1
4h.5t,
4h.00
4'>.]9
44.7?
44.04
43.31'1

4?6A
42.01
41.:n
40. ':>9
39.74
3A.71
17.44

]".!'''
34.09
]('.14

.27
-.04
-.1'10

-1.39
-2.36
- 3. 46
-4.641
-S.1i3
-7.00
-A.I?

_9. I A
-10. III
-II.I?
-1?04
-I?95
-13.A7
-14.8?
-15.81
-1".65
-11.93

-19.0"
-?0.?1
-?I.]'1
-72.57
-23.13
-1'4.81>
-?5.'1'j
-76.93
-?7.!!2
-7A.60

-?9.?)
-29.70
-?9."'9
-30.0A
-?9."4
-?<.I.5Q
-?9.02
-?R.2R
-?7.45
-?h.70

-f,.25
-7.13
-8.95
-9.R3

-10.34
-10.49
-10.27
-9.71
-8.91
-7.A7

-6.70
-5.45
-4.20
-3.0?
-1.'15
-1.0'>
-.33

.19

.'>1

.1>7

.6A

.5A

.41

.1'1

.02
-. J]
-.?2
-.24
-.21
- .16

-.11
-.I?
-.25
-.54

-1.0?
-1.70
-2.51
-3.34
-3.97
-4.04

.h4
• 43
.2'1
.23
.21l
.41
.f,1
.1<5

1.0'1
1.30

1.4,>
1.53
1.52
1. '+3
1.25
1.03

.71>

.4/i

.21
-.04

-.?3
-. :lIl
-.45
_.4h

-.40
-.2R
-.09

• 14
.43
.76

1.1'>
I.5A
?Oll
2.b3
3.74
3.1If,
4.45

4.8'1
4.91\
4.43

0.00
0.00
0.00

-'1.01
'-9.75

-10.0A
-10.07

-9.72
-9.09
-fl.22

-7.17
-h.02
-4.113
-3.66
-2.5f\
-I. h3

-.f'4
-.23

.20

.4f,

.~6

.,,':>

.4~

.2'1

.13
-.O?
-.13
-.19
-.20
-.1 'I

-.17
-.20
-.31
-.'i5
-.'15

-1.49
-2.1 c;
-? AO
-3.24
-3.17

0.00
0.00
0.00

.35

.37

.47

.64

.A5
1.08
1.30

1.'+6
1.56
1.5/:!
1.51
1.37
1.17

.92

.65

.37

.12

-.09
-.26
-.)6
-.'+0

-.3"
-.2'1
-.14

.07

.3)

.h4

1.00
1.41
1./:!8
?39
2.'15
3.5?
4.05
4.43
4.41
3.92

13579 •
1619R •
194?5.
21332.
224'j0 •
??7I>A.
22320.
21) AS.
1<.1414.
17318.

14861.
1??5?
'16?9.
71?2.
41:135.
?A')2.
1?71.
-17.

-Ahfl.
-131>4 •

-1"4A.
, -141l1.

-1?32.
-1\74.
-471.
-7).
?A'I.
610.
912.

17 4 11.

11>'15.
?345.
3?94.
41>111.
1>341>.
R421.

101>'>1 •
176"4.
13715 •
13010.

-1i'4!! •
-6">5 •
-14?

251 •
500.
1>01.
5"0.
3'17 •

1 "I •
-175.

-512.
-l:Il'>.

-1111.
-1312.
-14}9 •
-1'+<'1 •
-1311'1.
-Ill 5 •

-d35.
-502 •

-149.
11:18.
470 •
,,1,1.
no .
6-:>4.
420.

29 •
-503.

-1140.

-11l34.
-2,>20 •
-3120 •
-35"2 •
-37J5 •
-),,9'1.
-3105.
-22':>6.
-II??

12'1.

.400

.410
14.4"
I 4.1\ 1

".00
4.0h

4Q.~9 30.?9 -2h.29
'> I .,,0_4 2 ~~<j~ ~_?~£.....:c_

-3.0A 2.76 -2.14
- • '+ 1 __,__-=-!~ !~,~

2.32

- "?~'
AR92.
-h?1.

1<'04.
11,41> •



TABLE A.ll

TEST WBCT-4 TRANSDUCER DATA

TEST ID ------ UBCT-4 HIGHEST 50.0-"5 AVG. ACCEL.
TEST DATE ---- 04-08-81 TIME (SEC)
VEH ICLE TYPE - "IN I-SIZE G'S START END
I"PACT ANGLE - 0.00 DEGREES
I"PACT SPEED - 84.77 FPS LONG. -16.35 .025 .075

LAT. -6.00 .058 .108

VEHICLE KINETICS SU"MARY
NOTE: VALUES ARE INSTANTANEOUS AT TIME

TIME VEH. ACCEL.(G'S) VEH. VEL. (FPS) VEH. DISP.(F)
(S) LONG. LAT. LONG. LAT. LONG. LAT.

0.000 -.09 - .16 84.77 0.00 0.00 0.00
.010 -7.04 .12 83.89 - .13 .83 -.00
.020 -8.12 .48 81.24 .32 1.64 -.00
.030 -9.72 - .16 78.22 .20 2.49 .00
.040 -12.30 -1.61 74.33 .48 3.24 .01
.050 -25.44 8.36 68.63 -1.76 3.95 -.00
.060 -13.00 -40.82 61.02 -.02 4.59 -.00
.070 -15.73 9.14 55.79 -8.39 5.16 -.06
.080 -4.74 -1.61 52.39 -5.81 5.74 - .13
.090 -2.25 -.65 51.63 -6.68 6.25 -. t 9
.100 -2.21 -4.11 51.46 -7.85 6.75 -.26
.110 -.42 -1.81 51.31 -8.43 7.26 -.34
.120 .61 -1.45 51.36 -9.10 7.76 -.43
.130 .33 -1.37 51.32 -10.11 8.31 -.53
.140 -.09 0.00 51.43 -10.62 8.82 -.63
.150 -1.22 -.56 51.32 -10.58 9.32 -.74
.160 -.99 -6. 21 50.29 -10.89 9.82 -.84
.170 -.56 .32 50.20 -11. 95 10.31 -.96
.180 -5.07 .20 48.98 -12.49 10.84 -1.09
.190 -4.46 -.81 48.74 -12.86 11.32 -1.21
.200 2.85 -1.53 49.09 -13.34 11.80 -1.34
.210 .93 -.65 49.36 -13.38 12.28 -1. 47
.220 -.23 .24 49.73 -13.44 12.81 -1.61
.230 -1.36 -.40 49.61 -13.11 13.30 -1.74
.240 .05 -.04 49.39 -13.12 13.79 -1.87
.250 -.23 .36 49.25 -12.98 14.27 -2.00
.260 -1.31 - .16 48.97 -12.86 14.75 -2.12
.270 -.42 -.24 48.90 -13.03 15.27 -2.26
.280 .89 -.52 49.04 -13.06 15.76 -2.39
.290 .70 0.00 49.16 -13.28 16.24 -2.52
.300 -1. 13 .32 49.19 -13.08 16.72 -2.65
.310 -.05 4.34 48.81 -12.81 17.20 -2.78
.320 -1.08 2.49 48.74 -11.73 17.72 -2.91
.330 -2.11 1. 81 48.37 -11.04 18.20 -3.02
.340 .51 -1.77 48.08 -11.04 18.67 -3.13
.350 .33 .64 48.58 -11.41 19.15 -3.24
.360 -1.27 1. 97 47.86 -10.49 19.62 -3. 35
.370 -5.49 6.15 47.95 -11.40 20.13 -3.46
.380 1.45 -6.74 47.41 -10.82 20.60 -3.57
.390 -4.08 -1 .21 47.21 -12.01 21.06 -3.68
.400 -.99 -1.90 46.88 -11 .23 21.52 -3.79
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TABLE A.II (Cont'd)

TEST ID ------ ~BCT-4

TEST DATE ---- 04-08-81
VEHICLE TYPE - MINI-SIZE

VEHICLE MASS 2170. LBS. OCCUPANT - DRIVER
IMPACT SPEED 57.8 MPH 572-50% MALE DUHMY
IMPACT ANGLE 0.0 DEG. RESTRAIN'[S - LAB • SHOULDER BELTS

TIME RESULTANT (G' 5) -------51------- FEMUR LOADS (US)
(SEC) HEAD CHEST HEAD CHEST LEFT RIGHT

0.000 .1 .2 0.0 0.0 0.0 -3.2
.010 1.1 .5 .0 .0 5.6 -3.2
.020 4.8 1.5 .1 .0 -24.4 -51 .7
.030 2.8 2.7 .4 .1 -8.9 -12.1
.040 7.9 9.8 1.5 1.4 13.3 -51.7
.050 34.6 22.7 28.8 47.7 11.1 23.4
.060 18.9 21.0 73.0 68.5 -148.6 -23.6
.070 49.2. 21.4 686.1 94.9 -110.9 -70.9
.080 to.O 9•• 712.2 108.6 -17.7 -82.4
.090 8.7 7.5 715.5 110.9 -33.3 -13.4
.100 8. I 8.8 717.4 112.4 --31.0 - .6
.110 5.2 4.4 720.5 115.8 4.4 -69.6
.120 1.8 5.7 721.1 116. 2 -8.9 -) .0
.130 4.4 5.5 722.5 117.3 -26.6 -21.1
.140 7.3 2.0 723.8 117.5 -38.8 -24.9
.150 9.2 .5 725.6 117.5 -26.6 -3.2
.160 8.8 .9 727.4 It 7.5 -17.7 -13.4
.170 7.8 2.0 729.2 t 17.6 -22.2 -13.4
.180 5.5 1.6 730.3 117.6 -17.7 -10.9
.190 5.5 1.9 I 731.1 It 7.6 -11. I -8.3
.200 5.5 2.0 73 t .8 117.7 -1 t • I -18.5
.210 4.0 1.6 732.4 117.7 -8.9 -18.5
.220 3.6 .8 732.7 117.7 -8.9 -10.9
.230 2.6 1.1 732.9 117.8 -16.6 -3.2
.240 3.8 1.2 733.1 t 17.8 -13.3 -13.4
.250 2.9 1.9 733.3 117.8 -4.4 -13.4
.260 2.4 1.9 733.5 117.9 -8.9 - .6
.270 2.8 2.8 733. 6 1t 8.0 -8.9 -3.2
.280 3.3 1.9 733.8 11 B. ! -26.6 -8.3
.290 3.1 1.0 734.1 118. t -4.4 -3.2
.300 1.5 4.5 734.5 118.2 -17.7 -8.3
.310 7.2 4.8 735.2 118.5 -4.4 -16.0
.320 8.6 6.3 739.9 119.0 -22.2 -5.7
.330 8.2 5.0 742.0 126.9 -37.7 -3.2
.340 8.2 6.5 744 .1 128.3 -41.0 -17.2
.350 10.2 5•• 747.0 129.3 -33.3 -22.3
.360 15.9 2.9 753. 3 130.2 -8.9 -3.2
.370 9.2 1.2 760.2 130.2 -26 .• -8.3
.360 9.7 1.7 763.9 130.3 -, 5.5 -8.3
.390 10.9 1.6 767.2 130.3 -25.5 -10.9
.400 9.7 .7 770.3 130.3 -26. 6 -18.5

MAXIMUM VALUES AND TIME OF OCCURANCE
XlL T---SEC YlRT---SEC Z----SEC R----SEC

HEAD (G' 5) -119.3 .065 29.2 .063 -54.0 .068 123.6 .065
CHEST (G' 5) -42. I .046 24.1 .324 -21.0 .041 42.9 .046
FEHUR LOAD (US) -202. .061 O. .409

CUMULATIVE PERIOD FOR 60-G LEVEL .007 SEC.

HIe = 588.1 DURING T = .063 TO .070 SEC.

A.84



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 2l70-lb (984-kg) minicompact automobile impacting the buffer

end at 60 mph and a O-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 allow 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

0.5-in. (13-mm) dia. hole 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 lb (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 O-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.
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Results of analog 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 vehicle, 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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TABLE A.12

TEST WBCT-S TRANSDUCER DATA

TEST ID ------ UBCT-5 HIGHEST 50.0-MS AVG. ACCEL.
TEST DATE ---- 05-08-81 TIME (SEC)
VEHICLE TYPE - MINI-SIZE G'S START END
IMPACT ANGLE - 0.00 DEGREES
IMPACT SPEED - 83.31 FPS LONG. -16.94 .028 .078

LAT. 3.96 .043 .093

VEHICLE KINETICS SUMMARY
NOTE: VALUES ARE INSTANTANEOUS AT TIME

TIME VEH. ACCEL. (G'Sl VEH. VEL. (FPS) VEH. DISP.(F)
(S) LONG. LAT. LONG. LAT. LONG. LAT.

0.000 .10 - .13 93.31 0.00 0.00 0.00
.010 -5.90 -.63 92.74 -.14 .82 -.00
.020 -7.16 -.59 80.40 - .01 1.62 -.00
.~30 -19.56 -8.05 78.23 .21 2.47 .00
.040 -11.06 -4.70 73.70 -2.25 3.21 -.01
.050 -7.12 3.52 69.08 -1.95 3.91 -.03
.060 -21.81 9.37 63.55 -.01 4.57 -.04
.070 -23.43 2.99 56.34 1. 91 5.16 -.03
.080 -9.66 .28 51.22 3.51 5.73 .-.00
.090 -7.12 .70 48.68 3:71 0:22 -:0"3
.100 -3.56 -2.59 47.09 3.60 6.69 .07
.110 -6.06 - .23 45.04 2.91 7.14 .10
.120 -.27 .50 44.57 3.15 7.59 .13
., 30 .21 -2.03 44.20 2.44 8.06 .10
.140 -1.44 -.82 44.79 2.16 8.50 .18
.150 .14 -2.36 44.67 1. 70 8.94 .20
.\ 60 -.84 1.20 44.31 1. 61 9.37 .22
.170 -.71 -3.35 44.43 1. 76 9.81 .23
.190 -.12 2.97 44.05 .82 10.28 .25
.190 -.36 -.71 43.97 .95 10.72 .26
.200 1.38 -, .02 44.17 .99 11.15 .26
.210 -.93 .15 43.75 .80 11.58 .27
.220 -.49 1.19 43. 26 .94 12.04 .28
.230 .25 .68 43.33 .89 12.4i' .29
.240 .59 -.10 43.49 .77 12.90 .30
.250 - .36 .02 43.57 .72 13.32 .31
.260 -.05 .08 43.62 .77 13.75 .31
.270 -.90 -.42 43.29 .80 14.21 .32
.280 -.32 .16 42.99 .78 14.64 .33
.290 -.54 -.21 42.79 .83 15.06 .34
.300 .19 -.44 42.72 .76 15.48 .35
.310 - .19 -.52 42.64 .61 15.90 .35
.320 -.05 -.52 42.63 .40 16.35 .36
.330 -1. 44 1.54 42.71 .98 16.77 .36
.340 .72 .76 41.94 .78 17.19 .37
.350 .21 6.71 42.23 1. 12 17.60 .38
.360 -3.26 - .19 41.34 2.07 18.01 .40
.370 -2.38 -6.06 38.99 3.28 18.44 .43
.380 -.63 -.40 38.79 3.03 18.82 .46
.390 - 1.63 1.61 39.21 2.71 19.21 .48
.400 -2.29 2.68 38.70 2.65 19.59 .51
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TABLE A.12 (Cont'd)

TEST ID ------ UBCT-5
TEST DATE ---- 05-08-S1
VEHICLE TYPE MINI-SIZE

VEHICLE MASS 2170. LBS. OCCUPANT - DRIVER
IMPACT SPEED 56.B MPH 572-50% HALE DUMMY
IMPACT ANGLE 0.0 DEG. RESTRAINTS - LAB I SHOULDER BELTS

TIME RESULTANT (G' 5) -------51------- FEMUR LOADS (US)
(SEC) HEAD CHEST HEAD CHEST LEFT RIGHT

0.000 .6 .2 0.0 0.0 4.7 -1.6
.010 .9 .5 .0 .0 -5.9 -7.8
.020 2.3 .9 .0 .0 -S.6 -4.7
.030 6.3 ~.2 .~ .1 26.4 33.1
.040 9.4 15.0 2.1 3.1 159.0 321.1
.050 21. 8 48.0 8.5 73.2 38.6 56.7
.060 53.9 9.5 12~.2 152.4 -114.1 -57.4
.070 46.3 9.6 235.3 167.7 -56.1 -48.1
.080 32.3 4.2 33~.2 168.4 -29.7 -26.4
.090 23.5 ~ . 3 375.8 168.B 12.9 -~.7

.100 16.2 2.5 388.5 169.0 18.3 -1.6

.110 19.1 5.6 40B.3 169.2 -29.7 -32.6

.120 11 •~ ~.9 414.4 170.a -21 .6 - "::;29":5

.130 8.1 5.9 417.2 171.5 :'27.0 -31.0
.1 ~o a.1 4.a 419.0 172.3 -8.6 -26.4
.150 7.9 2.8 420.7 172.5 -.7 -10.9
.160 5.5 1.4 421.8 172.6 .6.1 -18.6
.170 4.3 2.3 422.2 172.8 12.9 -29.5
.180 3.9 2.6 422.7 172.9 -5.9 -26.4
.190 4.7 2.8 423.0 173.0 -3.3 -24.8
.200 4. 1 5.7 423.3 173.3 -19. I -10.9
.210 10.3 3.8 ~ 2~. 8 17~.0 -8.6 -10.9
.220 12. B 1.0 429.3 17~. 1 31.B -1,6
.230 9.4 1.8 ~33.5 174.1 -7.3 -17.1
.240 10.8 2.0 437.9 174.2 23.7 -15.5
.250 8.3 1.1 ~~O. 4 174.2 4.7 -10.9
.260 5.8 1.9 442.1 174.3 12.9 -6.2
.270 6.5 1.1 444.0 174.3 12.9 -14.0
.280 8.6 1.1 4~5.a 17~. 3 - 8.6 -7.8
.290 a.4 2.2 4~7.6 174.3 -5.9 -6.2
.300 8.0 2.9 449.7 174.4 -B.6 -10.9
.310 8.6 3.8 ~52.0 174.7 -8.6 -14.0
.320 7.6 4.8 ~54.4 175.1 -B.6 -10.9
.330 10.9 4.7 457.4 175.6 -.7 4.7
.340 8.B 2.7 460.4 175.9 -8.6 -6.2
.350 8.8 2.4 462.5 176.0 -3.3 -7.8
.300 8.7 2.9 464.8 176.2 4.7 -17. I
.370 7.7 3.8 466.6 176.3 -7.3 -9.3
.380 7.3 2.9 468.1 176.6 -13.8 14.2
.390 5.5 3.0 469. t 176.7 -.7 7.9
.400 7.9 2.6 470.3 176.9 -5.9 14.2

MAXIMUM VALUES AND TIME OF OCCURANCE
X/LT---SEC Y/RT---SEC Z----SEC R----SEC

HEAD (G'SI -42.2 .060 12.0 .076 - 38.1 .070 55.1 .059
CHEST (G' S) -53.9 .048 6.0 .0~7 t 4. 2 .064 54.0 .048
FEMUR LOAD (L B5) 304. .038 O. .409

CUMULATIVE PERIOD FOR 60-G LEVEL = 0.000 SEC.

HIC = 339.2 DURING T = .051 TO .092 SEC.
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TABLE A.12 (Cont'd)

TEST ID ------ UBCT-5
TEST DATE ---- 05-08-81
VEHICLE TYPE - MINI-SIZE

VEHICLE MASS 2170. LBS. OCCUPANT • PASSENGER
IHPACT SPEED 56.8 HPH 572-50% MALE DU"HY
IHPACT AN6LE 0.0 DEG. RESTRAINiS . NONE

TI"E RESULTANT (G'S) -------SI------- FEHUR LOADS (LEIS)
(SEC) HEAD CHEST HEAD CHEST LEFi RIGHT

0.000 .2 .2 0.0 0.0 -4.1 0.0
.010 1.6 1.1 .0 .0 9.5 0.0
.020 .6 .9 .0 .0 -23.1 -12.6
.030 1.8 1.6 .1 .0 -3 1.3 -25.2
.040 2.7 1.0 .2 .1 -27.2 574.2
.050 2.4 4.4 .3 .2 -686.9 133.3
.060 4.4 7.5 .6 .7 -338.7 161.5
.070 8.7 8.7 2.2 2.6 -83.0 89.7
.080 39.7 7.2 19.7 4.3 -213.6 -10.1
.090 27.4 14.9 139.5 8. I -51.7 48.7
.100 21.3 22.4 155.2 27.9 -148.3 -10.1
.110 14.6 15.3 178.5 42.5 -213.6 35.9
.120 11. 1 7.9 182.2 47.2 -178.2 ~r.3

.130 22.1 3.B 197.3 48.-1 -92 .5 43.6

.140 5.5 4.0 207.3 48.5 -28.6 33.3

.150 13.5 5.7 211. t 49.3 -17.7 -5.0

.160 13.1 2.0 218.3 49.6 14.9 -27.7

.170 10.4 1.4 222.5 49.6 17.6 -15.1

.180 4.B 1.7 224.3 49.7 -23.1 -5.0

.190 5.6 3.0 225.1 49.8 -1. 4 0.0

.200 4.6 3.4 225.5 49.9 -4.1 -6.3

.210 2.4 2.4 225.8 50.1 -23. I 0.0

.220 4.0 2.0 226.0 50.1 -28.6 -7.6

.230 3.7 1.0 226.4 50.2 4.1 2.6

.240 6.3 1.7 226.9 50.2 -8.2 -7.6
•250 5.7 . 3.0 227.7 50.2 -17 .7 43.6
.260 5.4 2.6 228.7 50.3 -25.8 7.i
.270 6.6 t .2 229.9 50.3 -39.4 10. J
.280 6.7 1.0 230.7 50.4 -58.5 20.5
.290 4.7 1.6 233.7 50.4 -25.8 20.5
.300 4.B 4.4 234.5 50.5 -28.6 33.3
.310 10.6 2.8 236.3 52.8 -2B.6 38.5
.320 7.5 2.4 238.0 53.5 -39.4 2B.2
.330 6.2 3.6 239.2 53.6 -50.3 2.6
.340 8.3 2.1 240.2 53.7 -61.2 20.5
.350 6.0 1.1 241.0 53.7 -51.7 41.0
.360 6.0 3.8 242.4 53.8 -80.3 46.1
.370 7.3 4.8 243.5 54.3 -50.3 4B.7
.380 7.7 2.1 244.8 54.7 -35.4 28.2
.390 9.3 .7 246.8 54.7 -55.8 7.7
.400 8.9 1.0 249.0 54.8 -39.4 -B.8

HAXIMUH VALUES AND TIHE OF OCCURANCE
X/LT---SEC Y/RT---SEC Z----SEC R----SEC

HEAD (6'S) -57.0 .082 9.9 .077 -23.5 .132 57.2 ,08:
CHEST (G'S) 23.1 .098 13.3 .301 -10.4 .093 26.0 .098
FEHUR LOAD (LBS) -730. .048 O. .409

CUHULATIVE PERIOD FOR 60-6 LEVEL 0.000 SEC.

HIC = 138.7 DURING i = .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-lb (963-kg)

minicompact automobile impacting the buffer end at 60 mph and a O-deg

angle.

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

slightly by relocating the first two 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, dum~ies, and instrumentation

was 2124 lb (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 two 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. It came to a stop approximately 11 ft (3.4 m) behind Post 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 (cine) 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.6l.
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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 6V 12.2 ft/sec (3.7 m/sec) (using a Honda impacting at

60 mph, 0 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 to 0.195 sec.
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TABLE A.14

TEST ID ------ UBCT-6 HIGHEST 50.0-115 AVG. ACCEl.
TEST DATE ---- 05-22-81 TillE (SEC)
VEHICLE TYPE - IIINI-SIZE 6'5 START END
UPACT AIIGlE - 0.00 DE6REES
IIIPACT SPEED - 88.44 FPS LOIIG. -t8.74 .015 .06S

lAT. 3.50 .034 •OS"

VEHICLE KINETICS SUIIIIART
1I0TEI VALUES ARE IIISTAIITANEGUS AT TIllE

TIllE VEH. ACCEl. lG'S) VEH. VEL. IFPS) VEH. DISP.IF)
(5) lOIlG. lAT. lOIlG. lAT. lONG. lAT.

0.000 .08 -.16 88.44 0.00 0.00 0.00
.010 -8.02 .75 88.02 .06 .87 .00
.020 -10.13 2.22 85.58 .61 1.72 .00
.030 -23.24 , .98 82.03 -.40 2.61 .01
.040 -4. I1 -3.67 75.21 .09 3.38 .01
.050 -29.34 9.79 67.34 .68 4.09 .01
.060 -23.90 3.72 59.32 3.11 4.71 .03
.070 -8.BI 3.88 55.62 4.09 5.27 .06
.080 -8.05 2.01 U.36 5.18 5.85 .11
.090 -5.96 -I.n 50.47 5.35 6.36 .16
.100 -2.00 -2.81 49.84 4.69 6.85 .21
.110 -.13 -.04 49.23 4.12 7.34 .26
.120 .62 -1.51 49.39 3.35 7.82 .29
.130 -8.44 -1.43 48.21 2.92 8.34 .33
.140 -9.02 6.93 45.31 3.35 8.80 .34
.150 -4.11 -, .72 43.46 2.33 9.24 .39
.160 -12.56 -7.21 41.07 .94 9.66 .40
.170 -3.95 -2.98 37.22 -.63 10.04 .41
.180 2.83 1.58 37.69 -.34 10.44 .40
.190 1.27 -3.42 38.61 -.86 10.82 .39
.200 1.44 -1.18 39.18 -1.33 11.20 .38
.210 -.89 .70 39.41 -1.31 11.59 .37
.220 1.37 -.49 39.85 -1.30 12.01 .34
.230 .H .76 ~0.19 -1.25 12.40 .34
.240 2.56 .03 40.59 -1.10 12.80 .33
.250 -3.24 1.36 40.58 -.66 13.20 .32
.260 -.46 -.41 40.01 - .51 13.59 .32
.270 -4.06 .94 39.04 -.22 '4.01 .31
.280 -5.64 3.29 38.18 .43 14.39 .32
.290 -1.52 -3.02 37.78 1,22 14.77 .32
.300 1.57 -.14 37.61 .90 15.13 .33
.310 -2.84 .59 37.05 .75 15.50 .34
.320 -4.32 .32 35;62 -I :08 15.89 :-n
.330 -5.17 2.22 34.16 1.82 16.23 .37
.340 -8." -1.67 32.98 1.25 16.56 .38
.350 2.66 3.85 31.63 .84 16.88 .39
.360 -.46 -.29 31.20 .36 17.19 .39
.370 -.57 .03 31.27 .03 17.52 .40
.380 -1.52 .94 31.34 -.06 17.83 .40
.390 .25 1.53 31.15 .19 18.13 .40
.400 -.52 .40 31.60 .93 11.44 .41
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TABLE A.14 (Cont'd)

TEST ID ------ ijBCI-6
TEST DAlE ---- 05-22-81
VEHICLE TYPE - MINI-SIZE

VEHICLE MASS 2124. LBS. OCCUPANT - DRIVER
IMPACT SPEED. 60.3 IlPH 572-50% MALE DUIlMY
IMPACT ANGLE 0.0 DEG. RESTRAINTS - LAB t SHOULDER BELTS

TIllE RESULTANT (G'S l -------SI------- FEMUR LOADS (LBS)
(SEC) HEAD CHEST HEAD CHEST LEFT RIGHT

0.000 .6 .1 0.0 0.0 5.1 3.0
.010 .9 .6 .0 .0 12.8 -6.0
.020 3.3 .7 .0 .0 20.5 -3.0
.030 5.4 2.9 .2 .1 69.2 -15.0
.040 8.2 14.8 1.4 6.5 1007.8 108.2
.050 42.1 29.0 49.3 91. 7 259.0 -87.0
.060 30.2 26.4 122. 9 124.7 -12.7 -42.0
.070 40.4 12.4 218.5 133.5 30.8 6.1
.080 27.1 5.5 284.1 137.0 -35.7 -31.5
.090 15.5 2.1 308.0 137.2 -43.3 -27.0
.100 10.4 1.9 314.2 137.5 -17.8 6.1
.',0 14.5 6.4 319.5 137.6 -75.2 -42.0
.120 11.5 5.7 325.6 139.1 -3~r.) -30.0
.130 11.5 8.0 334.8 140.3 -28.0 -24.0
.140 12.6 3.3 338.8 140.9 10.3 -18.0
.150 8.1 3.9 342.6 141.1 12.8 1.5
.160 8.1 3.0 344.3 141. 2 0.0 1.5
.170 6.2 3.2 345.5 141 .4 32.1 -12.0
.180 2.3 4.2 346.2 141.8 -7.6 6.1
.190 3.6 5.2 346.9 142.2 11.5 -6.0
.200 5.1 6.9 347.4 '43.0 12.8 -3.0
.210 9.0 5.1 349.5 144.1 -2.5 6.1
.220 11.8 1.0 353. 7 144.5 38.5 18.3
.230 9.3 2.2 357.9 144.5 -2.5 0.0
.240 1.8 3.2 358.9 144.5 -19.1 3.0
.250 2.7 1.5 359.2 144.6 10.3 7.6
.260 3.4 4.6 359.5 144.8 35.9 12.2
.270 4.7 3.7 359.6 145.0 20.5 -9.0
.280 1.5 4.4 359.8 145.3 18.0 -6.0
.290 3.5 4.0 359.9 145.8 3.8 6.1
.300 2.7 3.8 360.1 146.2 2.6 6.1
.310 2.5 4.3 360.2 146.4 38.5 -3.0
.320 1.9 3.8 360.4 146.8 30.8 -24.0
.330 4.4 5.3 360.7 147.3 18.0 -6.0
.3~O 6.3 5.5 361.5 147.9 -10.2 -3.0
.350 6.4 6.4 362.5 148.4 18.0 0.0
.360 8.0 6.2 364.3 149.1 18.0 0.0
.370 9.0 6.7 366.3 150.1 -10.2 6.1
.380 8.8 6. I 368.5 151.1 -8.9 -3.0
.390 8.3 6.7 370.6 152.1 -7.6 6.1
.400 9.0 6.4 372.9 153.1 7.7 -6.0

IlAXIMUM VALUES AND TIllE OF OCCURANCE
X/LT---SEe Y/RT---SEC 1----SEC R----SEC

HEAD (G'S) -38.6 .069 -17.0 .124 -37.1 .062 42.3 .062
CHEST (G'S) -50.8 .045 -20.2 .053 -14.8 .043 51.1 .045
FEMUR LOAD (LBS) O. •409 893 • .034

CUMULATIVE PERIOD FOR 60-ij LEVEL = 0.000 SEC.

HIe = 282.8 DURING T = .044 TO .085 SEC.
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TABLE A.14 (Cont'd)

TEST ID ------ UBCT-6
TEST DATE ---- 05-22-81
VEHICLE TYPE - MINI-SIZE

VEHICLE NASS • 2124. LBS. OCCUPANT - PASSENGER
IMPACT SPEED 60.3 MPH 572-50% MALE DUMMY
IMPACT ANGLE 0.0 DEG. RESTRAINTS - ~ONE

TIME RESULTANT (G'S) -------SI------- FEMUR LOADS (LBS)
(SEC) HEAD CHEST HEAD CHEST LEFT RIGHT

0.000 .4 .3 0.0 0.0 -I .3 2.7
.010 .3 .6 .0 .0 1.3 4.1
.020 2.7 1.0 .0 .0 9.4 34.1
.030 2.3 .8 .3 .0 -4.0 20.5
.040 3.4 1.2 .5 .1 -175.8 271.4
.050 3.5 2.3 1.2 .'4 -261.8 797.9
.060 '0.0 4.4 2.6 .6 -363.8 852.5
.070 18.5 7.8 10.6 1.4 -208.1 37:5.1
.080 14.4 9.4 35.0 4.6 -57.7 72.3
.090 20.5 16.3 44.7 19.5 -63.1 -12.0
.100 26.3 29.0 ?3.3 36.8 -138.3 83.2
.110 44.3 18.3 555.2 65.2 -132.9 252.3
.120 20.0 8.6 609. 2 71.5 ·194.6 118.7
.130 9.1 5.6 622.6 72.2 -183. 9 34.1
.140 13.4 3.3 626.2 72.6 -60.4 1.4
., 50 7.9 3. I 629.6 72.8 -16. I -36.1
.160 8.7 3.5 632.3 73.0 I .3 -20.1
.170 8.3 2.8 634.8 73.1 13.5 -28.1
.180 8.0 3.2 636.6 73.2 -30.9 -49.5
.190 5.9 2.2 638.3 73.4 4.0 -44.2
.200 6.2 2.8 639.5 73.5 -43.0 -54.9
.210 7.8 4.0 641.2 73 .6 -59.1 -41.5
.220 9.1 4.0 643.7 74.0 -47.0 -14 .7
.230 4.3 2.2 645.4 74.1 -20.1 34.1
.240 6.4 3.7 646.5 74.3 -44.3 85.9
.250 7.3 2.7 648.2 74.6 -44.3 118.7
.260 7.5 2.2 6H.7 74.8 -52.4 156.9
.270 6.9 1.4 651. I 74.8 -192.0 118.7
.280 9.9 3.3 652.5 74.9 161.5 66.8
.290 8.8 7.4 654.1 75.9 -28.2 42.3
.300 8.9 5.3 656.4 76.5 -130.2 I 15.9
.3! 0 8.4 2.8 657.7 76.9 -119.5 151. 4
.320 4.8 4.0 658.9 71.1 -108.7 126.9
.330 7.3 3.4 660.1 71.3 -22.8 n.7
.340 8.0 4.5 661.5 71.6 -4.0 49.1
.350 45.8 3.0 671.5 71.8 10.8 46.4
.360 47.2 1.9 822.6 71.9 20.2 58.7
.370 46.5 1.2 980.9 77.9 6.7 34.1
.380 47.0 1.3 1127.3 77.9 25.6 2J.2
.390 47.6 1.6 1275.4 77.9 -17.5 25.9
.400 46.1 3.4 1428.0 78. I -20.1 77.7

MAXIMUN VALUES AND TI ME OF OCCURANCE
X/LT---SEC Y/RT---SEC Zoo-osEe R----SEC

HEAD (G' 5) -93.5 .103 16.3 .124 -69.3 .108 102.5 .102
CHEST (G'S) 24.4 .100 15.0 .104 -II .8 .116 29.0 .100
FE~UR LOAD (LaS I -404. .056 O. .409

CUMULATIVE PERIOD FOR 60-(j LEVEL = .008 SEC.

HIC = 912.5 DURING T = .349 TO .409 SEC.
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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 2l20-lb (962-kg) mini

compact 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-6, the difference being that a V-notch was cut in the back of

the W-beam rail (awav 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 drivp 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 lb

(962 kg).

Performance: Impact conditions were 59.2 mph (95.3 kmph) and

a 0.2-deg angle. As shown in the impact sequence 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 right side. The rear then came

back down and the vehicle slid to a stop in an upright position

approximately 27 ft (8.2 m) behind Post 14. Maximum 50 msec average

accelerations measured during the impact sequence 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.1S. Results of analog to digital

conversion of vehicle and dummy 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.7l 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.7l, 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. Although 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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TABLE A.16

TEST WBCT-7 TRANSDUCER DATA

TEST ID ------ ~BCT-7 HIGHEST 50.0-"5 AVG. ACCEL.
TEST DATE ---- 06-29-81 TIME (SEC)
VEHICLE TYPE - HINI-SIZE G'S START END
I"PACT ANGLE - 0.00 DEGREES
IHPACT SPEED - 86.97 FPS LONG. -14.06 .016 .066------ - - - LAT. 4.47 .031 .081

VEHICLE KINETICS SUHMARY
NOTE: VALUES ARE INSTANTANEOUS AT TIME

T1"E VEH. ACCEL. (G·'S) VEH. VEL. (FPSl VEH. DISP.(F)
(5) LONG. LA r. LONG. LAT. LONG. LAT .

0.000 •05 -.08 86.97 0.00 0.00 0.00
.010 -6. 10 2.S5 85.n .08 .85 -.00
.020 -10.86 3.12 83.55 .59 1.68 .00
.030 -20.12 -3.1S 79.82 -1.32 2.56 .00
.040 -7.65 -.70 76.06 .29 3.32 -.01
.050 -21.22 6.62 68.18 2.14 4.04 .00
.060 -13.43 3.36 64.29 5.07 4.69 .04
.070 -2.06 3.n 61.42 5.31 5.30 .09
.080 1.56 -1 .91 60.74 5.85 5.95 .15
.090 -9.99 1.16 59.55 5.61 6.54 .20
.100 -8.27 J. 52 56.76 7.34 7.11 .27
.110 -10.43 4.32 53.50 9.24 7.66 .35
.120 -4.72 4.62 51.' 2 9.94 8.17 .44
.130 -.76 1.08 50.00 10.88 8.71 .55
.140 -3.71 -4.12 49.37 10.24 9.20 .66
.150 -1.65 -3.33 48.61 8.53 9.68 .75
.160 -3.07 -1.39 48.02 8.27 10.15 .83
.170 -.07 -.38 46.86 7.99 10.62 .91
.180 1.88 1.89 45.92 7.84 11.11 1.00
.190 1.74 -.58 H.53 7.32 11.57 , .07
.200 -2.75 -.48 46.34 7.40 12.02 1.14
.210 -.96 1.92 45.90 7.63 12.48 1.22
.220 .85 -.82 45.75 8. 13 12.96 1.30
.230 -2.2S .92 4S.23 7.70 13.41 1.38
.240 1.28 .41 44.29 7.86 13.8S 1. 46
.2S0 1.79 -.94 44 .76 7.70 14.29 1.53
.260 -2.48 -.04 44.80 7.73 14.73 1.61
.270 -.41 .47 44.50 7.94 15.20 1.69
.280 -.57 -.18 44.42 7.92 15.64 1.77
.290 -.64 -1.06 44.03 7.93 16.08 1.85
.300 -.53 .18 43.86 7.87 16 .51 1. 92
.310 -1.15 -.26 43.69 7.94 16.94 2.00
.320 .50 .26 43.58 7.87 17.40 2.09
.330 .50 .61 43.67 8.02 17.83 2.16
.340 -.18 .06 43.62 8.00 18.26 2.24
.3S0 -.69 .90 43.51 8.01 18.69 2.32
.360 -2.11 1.91 43.24 9.37 19.11 2.40
.370 -3.53 4.05 42.26 9.27 19,57 2.50
.390 -2.52 -.10 41.59 9.94 19.99 2.59
.390 -.87 - 1.19 40.21 9.78 20.39 2.69
.400 -3.16 -2.71 40.30 9, 43 20.78 2.78
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TABLE A.16 (Cont'd)

TEST ID ------ UBCT-7
TEST DATE ---- 06-29-81
VEHICLE TYPE - HINI-SIZE

VEHICLE HASS 2120. LES. OCCUPANT - DRIVER
IMPACT SPEED 59.3 MPH 572-50% MALE DUHHY
IHPACT ANGLE 0.0 DEG. RESTRAINTS - LAB + SHOULDER BELTS

TIHE RESULTANT (G' S) -------51------- FEHUR LOADS (US)
<SEC) HEAD CHEST HEAD CHEST LEt'T RIGHT

0.000 .~ .4 0.0 0.0 -6.9 5.5
.010 1.3 .4 .0 .0 -6.9 -5.5
.020 2. I I .5 .1 .0 45.5 1.8
.030 6.5 4.6 .2 .1 -3.5 42.4
.040 8.0 20.4 2.0 7.3 269.4 418.1
.050 19.6 29.0 15.7 45.1 -24.2 12.9
.060 24.9 24.8 71.4 74.6 -29.4 -16.4
.070 37.2 13.6 145.6 91.4 -69.3 -5.5
.080 26.9 10.0 211.4 97.2 -31.2 -16.4
.090 15.6 5.9 230.3 98.8 -45.0 -12.7
.100 13.7 3.0 238.4 99.2 -3.5 -67.4
.110 II .6 2.6 245.4 99.5 -38.1 -9.1
• I20 11.6 2.7 2~9. 1 99.6 -24.2 -16.4
.130 7.4 3.6 252.0 100.0 -13.9 5.5
.140 8.8 1.9 254.0 100.1 7,0 23.9
.150 9.5 2.1 257.0 100.3 -6.9 23.9
.160 8.3 1.8 259.9 100.3 3.5 1.8
.170 9.1 1.0 262.3 100.3 -3.5 1.8
.180 8.4 1.1 264.8 100.3 -12.1 1.8
.190 9.7 1.0 267.2 100.3 -17.3 5.5
.200 7.9 1.5 269.3 100.4 -10.4 9.2
.210 8.6 1.7 271.0 100.4 -3.5 1.8
.220 7.9 2.4 273.3 100.5 3.5 5.5
.230 7.7 1.7 275.3 100.6 -1. 7 -9.1
.HO 8.4 1.8 276.9 100.6 7.0 5.5
.250 9.8 1.4 279.3 100.6 -19. I 5.5
.260 8.1 1.8 281 .5 100.7 -24.2 -7.3
.270 6.4 3.0 283.1 100.8 -13.9 -31.0
.280 7.5 2.5 284.5 100.9 -3.5 -1.8
.290 6.8 3.4 285.9 101.1 8.7 23.9
.300 6.0 4.0 287.1 101. 3 -10.4 23.9
.3 to 7.9 3.7 288.2 101. 7 17.5 16.6
.320 6.9 3.3 289.7 102. I -10.4 12.9
.330 8.1 4.5 291. 4 102.4 -3.5 -1. 8
.340 10.3 4.4 293.3 102.7 10.5 9.2
.350 9.3 4.1 295.5 103.2 3.5 16.6
.360 9.6 5.5 298.8 103.7 1.0 12.9
.370 10.4 5.1 303.0 104.5 10.5 -1.8
.380 13.4 5.2 307.7 105.1 7.0 12.9
.390 12.0 2.6 313.1 105.4 -13.9 I .8
.400 8.7 2.2 317.3 105.5 5.2 -1.8

HAXIHUH VALUES AND TIME OF OCCURANCE
XlL T---SEC Y/RT---SEC Z----SEC R----SEC

HEAD (G' S) -48.1 .053 14.8 .070 - 23.4 .061 51.8 .053
C~EST (G' S) -35.0 .OH -7.8 .047 , J . 4 .056 35.5 .049
FEMUR LOAD (L9S) 290. .019 O. .409

CUMULATIVE PERIOD FOR 60-G LEVEL 0.000 SEC.

HIe = 201.5 DURING T = . 046 TO .084 SEC .
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TABLE A.16 (Cont'd)

TEST ID ------ UBCT-7
TEST DATE ---- 06-29-81
VEHICLE TYPE - MINI-SIZE

VEHICLE MASS 2120. LBS. OCCUPANT - PASSENGER
IKPACT SPEED 59.3 KPH 572-50% MALE DUKMY
IHPACT ANGLE 0.0 DEG. RESTRAINTS - NONE

TIKE RESULTANT (G' 5) -------51------- rEKUR LOADS (LES)
(SEC) HEAD CHEST HEAD CHEST LEn RIGHT

0.000 .4 .4 0.0 0.0 0.0 1.0
.010 .9 .4 .0 .0 0.0 -6.1
.020 .7 .4 .0 .0 0.0 21.9
.030 1.0 1.0 .1 •a 0.0 168.1
.040 4.5 2.9 .2 .2 0.0 95.0
.050 6.9 1.9 1.1 .5 0.0 155.6
.060 5.9 2.5 2.4 .7 0.0 232.9
.070 5.6 5.9 33.1 1.0 0.0 337.3
.080 20.3 18.5 55.6 7. I 0.0 429.2
.090 19.5 38.3 67.5 97.6 0.0 122.2
.100 10.7 25.2 82.9 173 .1 o.a 95.0
.110 28.5 8.9 92.8 189.5 0.0 -115.0
.120 9.1 2.6 123.6 189.9 0.0 -, 16.7
.130 8.0 6.6 126.7 192.7 0.0 42.8
.140 6.7 4.0 127.0 193.3 0.0 36.-6
.150 6.5 2.4 128.3 193.4 0.0 -165.9
.160 10.2 2.2 130.4 193.6 0.0 -51 .8
.170 11.7 3.8 134.8 193.8 0.0 -155.4
.180 11.0 5. , 139.3 194.0 0.0 -132,0
.190 10.3 4.6 143.1 194.4 0.0 -158.9
.200 9.8 3.5 146. I 194.7 0.0 -153.6
.210 9.4 2.1 148.7 194.8 0.0 -77 .2
.220 8.0 1.4 150.5 194.9 0.0 -141.3
.230 5.9 1.6 151 .6 194.9 a•a -146.6
.240 5.3 2.0 152.4 194.9 0.0 -6.1
.250 6.6 1.5 153.2 195.0 0.0 -165.9
.260 7.4 2.7 154.5 195.0 0.0 -161.5
.270 7.7 17.6 156. I 195.8 0.0 -144.8
.280 7.8 5.2 157.9 197.3 0.0 -34.2
.290 6.8 5.2 159.1 197.7 0.0 40.7
.300 7.5 5.3 160.3 198.2 0.0 26. I
.310 6.1 2.0 161 .3 198.4 0.0 8.4
.320 5.9 3.3 162.2 198.5 0.0 -137.8
.330 6.7 2.9 163. 3 198.7 0.0 -102.7
.340 8.1 5.6 165.0 199.0 0.0 -85.1
.350 9.4 8.0 167.2 200.6 0.0 -60.6
.360 9.4 5.1 169.9 201 .9 0.0 109.7
.370 8.6 3.6 172.6 202.4 0.0 86.7
.380 8.6 3.0 174.2 202.6 0.0 -39.5
.390 8.3 2. I 176.0 202.7 0.0 -7.9
.400 7. I 1.5 177 .7 202.8 0.0 -, 71.2

KAXaUM VALUES AND TIKE or OCCURANCE
XlL T---SEC 'i/RT---SEC Zoo-oSEe R----SEC

HEAD 16'S) -56.1 .067 15.5 .067 -57.6 .067 81.9 .067
CHEST (G' 5) -33.1 .095 38.8 .084 -45.6 .098 54.7 .098
rEKUR LOAD (US) O. .409 540. . 079

CUHULATIVE PERIOD rOR 60-G LEVEL = 0.000 SEC.

HIC = 100.7 DURING 1 " .047 TO .409 SEC.
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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 automobiles, 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 post

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-lb. (l814-·kg) pendulum mass when it was dropped from a lO-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-l 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-l, 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

(19l-kN) of EX-l. Thus the sawcut modification to enhance post breakaway

does not adversely affect its anchorage capacity.
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(b) Test Specimen Installation
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(c) View Immediately After Maximum Load Obtained
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FIGURE A.80 PENDULUM TEST SETUP



(a) Test EX-l Unmodified Post (b) Test EX-2 Modified Post

(c) Test EX-3 Modified Post

FIGURE A.8.1

(d) EX-j Post After Test

ANCHORAGE TEST SPECIMENS
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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 20l4-lb (9l4-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 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 2014 Ib (914 kg).

Performance: Impact conditions were 59.3 mph (95.4 kmph) and a

O.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 also 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.lS and plotted in

Figures A.77 thru A.S3.

Barrier Damage: As shown in Figure A.S4, 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.S4.

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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FIGURE A.S3 PRE-TEST PHOTOGRAPHS TEST WBCT-8
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FIGURE A.84 TEST WBCT-8 IMPACT SEQUENCE
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TABLE A.I?

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

-"---------------------- -~------.. - --- ..__. --_.- ------- ----- -- ---- .--- ---- ._-- -~._-------
'U~~~~y Gf YtlHCLL ~\t,tr~lIC a~o OYrUIIIC DH~ WDOD PCST [ICl TESr "~CT-8 al7/8L

YUICLL C. (,. t<E~OING VLHICLE HLOelTY VEHICLE ~CCELERArIONIG"SI APPkuX. BA"~IE~

T I ~t ~F1ER (CCRe I~A1LS I Fl) ANGLE (Fl/SlCI AT r 111£ T AVERAGE AVER .05 SEC. FlJ~CESILllI

I II pac T ( '; i' CI X Y I OEG I l()~G LAT LeNG LAT LONG LAT X Y

O. (J,ll) -t.e., £.6, .ll ~b.9<; .02 -1,.tC -.22 O. 00 0.00 lJ298. ~b1.

.0 I ,] - 10 • U] 2.10' .,0 B~. 18 -.,1 - 7 • I I -.]4 0.00 0.00 L~]05. ~18.

.az(J - 5.2 a 2.b5 ./6 B 2. ~ ] -1.30 - 7 .43 -.H 0.00 0.00 1~942. I (J d6 •

.010 -4.3" 2.1>5 1.57 ll..1.Qf) -2.JO - 1 • t 1 -. ]9 -7.4() -.29 L52<;1. U05.

.O~() -l.be 2.65 2. lL 77.19 -3.~7 -I. b e -.25 -7.56 -. I 7 15432. 11 18.

.(JSO -2.n 2.t, 3. I 5 I', • q 5 -4.57 - 7.67 • U 3 -7.bl .05 L5427 • 7'H.

.06C - 2 • Ie 2. t 4 ~.O') 72. H - 5. b 1 -7. tC .42 - 7.5'1 .38 15327. 245.
• a 1U - I • ] a 2.64 '.)8 69. -38 -1,.62 -7.4b .91 -7.50 .80 15Lb5. -'>12.
.010 -.t~ 2 • ~ ] 5. '12 b 7. J<; -1 • J 5 -7.]1 1.~7 -7.36 l. JO 1495b. -1424.
.0 )() -.0] l.U 6.H2 64.94 - 1 • B] -7.1 C 2.06 -7.17 L.84 14701. -2~<'4.

.100 • U 1.63 7. 67 62.58 -8.01 -6.e5 2.64 -6.9J 2.J'I 14J90. -3437 •
• 11 ,) I .l4 1 • f; it 8.4'i 60.31 -7.91 -6.56 3.17 -b.65 2.90 HOOJ. -O~2 •
• U(J I.n 2.u~ Q.l. 58. I ~ -7.5 J -6.22 J.bJ -I>. JJ 3. J4 1 l~ 11. -5184.
• l J II Z• 4 1 2.1>8 <;.7J 5 1>. 14 -b.91 -5.8J 3.91 - 5.91 J.l>l 12'112. -, /74.

;J> • 1 "ll { • 'I t 2. /l 10.24 5~. 27 -6.11 - ~. 41 4.05 -5.~6 J.81 121b7. -;'0'13.
• 1iO 3.~O Z. I 'j 10.6 'J 52.51 -5.lb -4.G~ 4.02 - 5.12 J .91 11272. -0123 •

f-' • I (J ') ~ .1I 2 I • ~ 0 10.-/7 51.03 -~. 21 -4.43 J. 8 I -~ .64 J.18 1022 5. -5a]~.
~

V1 • 17,) 4.52 (.d6 11.2U 49. I> 7 -J.25 -J.90 J.42 -~ .Il J.49 9035. -')<'J1.
.l.l0 5.CC <' • 'I J 1 I • J 6 48.50 -2.31 - J. JJ 2.88 -3.~9 J.04 77 25. -4j61.
• 1'10 ~ .. 4 ~ 1.C0 I I •• I> 4 1.52 -1.62 -2. H 2.22 -3.0J 2.41> I> J2 8. - 3 274.

• 2 0) ~.<;~ J. Otl I I .49 H.72 - i .05 - 2. 18 1.H - 2.41 1.80 4890. -lUl'! •
• ) 1,1 6.4 C 3.11 11. q 46. I I -.b9 -I. 61 .61 -1.92 1.08 )l'bJ. -/19.
.220 t • ~ 5 l. 2 'j I 1.1 'I 45.68 -.53 - I. oe -.07 -1.3'1 .35 21 07. ,,,4.
• I 10 I. 3D 3. j , 11.21> 45.4 I -.5b -.bC -.75 -.89 -.J2 882. 1112 •
.<'40 1. 14 J. 42 1l.0 '/ ~.,.29 -.7b -.\~ -1. JI -.46 -.90 -154. 2664.
. z')o t. 1 " 3.50 10.87 4".21 - I • U7 • 15 -1.70 -. LO -1. J4 -'149. 3JJ8 •
.. ! I}:J f • t ~ J. 57 IC.I>O ~5.3<; -1.44 oJ<; -1.1l9 .18 -1.60 -1465. ]5'13.
.llO G.. 0 (, 3.1>4 10.28 45.'55 -I.eo .51 -1.85 • J5 -1.61 -lbel • 3 ~::I~.

• 1'1 (J <;.54 ]. 70 <;. '/2 '5.1J -2.07 .53 -L.59 .~J -1.53 -15''7. d81.
• ,'-10 10.00 3. -15 9.51 45.90 - 2.19 .4J - I • 14 .40 -1.20 -llJf • 2115.

• "100 I C • " 5 3.0 Q.O I 41, .Ol - 2.11 .2~ -.52 .28 -.11 -b50. 'Iu2.
• JlO Ie. <; I 3.86 8.60 4b.:Je -1.79 -.01 .19 .08 -.12 8J. -](,6 •
• 120 11.37 J. 'JI B. I I ~6.(J4 -1. U -.Je .9 I -.15 .51 859. -1719.
• 11 'J I" "3 ). '16 7.61 4" • q 1 -.~2 -.57 l. 5~ -.:W 1. 10 1551:. -2'120.
.. } 'i') 12.211 ~.C2 7. I I 4".69 .'56 -.77 1.99 -.58 1.55 20JB • -3118.
• ] 5 () 12.73 4.09 6.h2 .5. , 7 1.62 -.8~ 2. 15 -.66 1.77 21 /I. -41llJ.
...1~lO 1:;.11) ~.16 t.15 45. 1 4 2.66 -.71 1.94 -.5'1 1. b 9 Ill30. -JIJ6.
• 110 I;.U 4.24 5." 'I 44.94 3.56 - .. ) '5 l. ]2 -.33 1.26 'Ib 2. -2')83.
• 1 ~ ,J I ~. C1 ~ . J" 5.26 4 4.,~ 'I 4.17 .26 .30 .14 .49 -464. -bJl.
• 1'10 14 • ., I 4.40 ~. tl J 45.01 4.40 I.oe -1.0J .79 -.55 -2343, 1889.

.40') 1./1 .. ~ t , • " II 4. J I ',".54 4.18 2.01 -2.47 1.5) - L. 6 7 -4427. 4651.
• '10 I ~ • 4 1 4.55 ) .'/) 46. ] 0 J.5~ 2. e7 -3.65 2. 19 -2.55 -6266. 6'146.
• 4 J 0 I L • P8 ", .. (1 1 J.42 47.2C Z. 10 ).]1 -4.0] 2.H -2.6'1 -114b. 76'18.



TABLE A.18

TEST WBCT-8 TRANSDUCER DATA

TEST ID ------ ~BCT-8 HIGHEST 50.0-MS AVG. ACCEL.
TEST DATE ---- 08-07-81 TIME (SEC)
VEHICLE TYPE - HINI-SIZE G'S START END
IMPACT ANGLE - 0.00 DEGREES
IMPACT SPEED - 86.97 FPS LONG. -8.32 .109 .159

LAT. -2."6 • t 49 .199

VEHICLE KINETICS SUMMARY
NOTE: VALUES ARE INSTANTANEOUS AT TII1E

TillE VEH. ACCEL. (G'SI VEH. VEL. (FPS) VEH. DISP.(F)
(S> LONG. LAT. LONG. LAT. LONG. LAT.

0.000 .09 .31 86.97 0.00 0.00 0.00
.010 -10.0" .19 8".06 .05 .85 .00
.020 -7.78 I. 74 83.45 .01 1."8 .00
.030 -17.23 1.64 80.72 -.23 2.5" .00
.040 -1.58 2.63 77."1 .97 3.34 .01
.050 -9.78 5.07 75.21 1.80 4.09 .02
.0"0 -2.98 -2.00 73.93 I. 83 4.82 .04
.070 -'.40 4.57 73.25 2.14 5.54 .06
.080 1.12 .39 72.93 2.53 6.32 .08
.090 -10.01 .97 70.30 2.59 7.03 .11
.100 .28 3.58 "9.68 3.20 7.71 .13
.110 -5.96 -5.67 "9.02 4.24 8.39 .17
.120 -".,,\ .92 "6.39 3.71 9.06 .21
.130 -5.2~ -5.15 65.17 3.79 9.76 .25
.140 -7.08 2.13 6t .8" 3.4' 10.39 .29
.150 -16.85 -.91 59.08 4.33 10.99 .33
.160 -1.68 -6.29 55.64 3.68 11.55 .37
.170 -8.29 -. I4 54.41 2.58 12.09 .40
.180 3.82 -9.87 53.08 1.18 12.66 .42
.190 .09 -.~8 52.60 -.07 13.18 .42
.200 -1.79 8.02 52.42 .13 13.69 .42
.2\0 -1.40 -1.19 ·51.67 -.03 14.21 .43
.220 -.98 3.53 51.99 1. 10 14.76 .43
.230 -.23 7.15 52.00 1.37 15.27 .44
.240 8.62 -8.44 51.70 2.14 15.78 .46
.250 -1.02 -6.20 51.20 1. 88 16.29 .48
.260 -6.15 -.33 50.26 1.69 16.79 .~9

.270 3.17 2.32 49.43 1.75 17.32 .51

.280 1.82 -4.67 48.65 1.82 17.80 .53

.290 -I .40 1.74 48.45 1. 65 18.28 .55

.300 -.84 2.37 48.54 1.53 18.76 .56

.310 -.09 -2.24 47.32 1.31 19.23 .58

.320 3.73 .43 46.37 1.15 19.73 .59

.330 -.05 -1.67 46.51 I. 06 20. I8 .60

.340 .42 1.16 46.6it .58 20.64 .61

.350 .47 -2.05 46.86 .70 21.10 .61

.360 - I .1" .07 47.30 .63 21.56 .62

.370 -1.77 1.21 47.28 .37 22.07 .63

.380 1.40 -.29 46.55 .45 22.53 .63

.390 -5.05 -1.31 46.90 .05 22.99 .63

.400 .91 -.86 46.61 -.09 23.45 .1>3
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TABLE A.18 (Cont'd)

TEST ID ------ UBCT-S
TEST DATE ---- OS-07-81
VEHICLE TYPE - MINI-SIZE

VEHICLE MASS 2014. LBS. OCCUPANT - DRIVER
IMPACT SPEED 59.3 MPH 572-50% MALE DUMMY
IMPACT ANGLE 0.0 DEG. RESTRAINTS - LAB + SHOULDER BELTS

TIME RESULTANT (G' 5) -------51------- FEMUR LOADS (LBS)
(SEC) HEAD CHEST HEAD CHEST LEFT RIGHT

0.000 .5 .3 0.0 0.0 -14.4 -3.0
.010 .6 .2 .0 .0 -14.4 :3.1
.020 1.4 .S .0 .0 -14.4 15.4
.030 2.9 2.6 .0 .1 -31 .7 175.S
.040 2.4 8.0 .1 1.0 14.6 -15.2
.050 3.3 13.0 .3 5.3 -40.3 -57.9
.060 5.0 15.4 .8 11.5 -60.4 -57.9
.070 8.3 9.7 1.5 15.3 -83.5 -70.0
.080 6.3 5.4 2.3 16.9 -54.7 -33.5
.090 6.4 4. 1 4.4 17.4 -54.7 -21.3
.100 5.6 5.2 5.0 17.9 8.S -9.1
.110 11.3 9.8 7.9 20.3 -2.9 IS.5
.'20 7.6 9.7 10.2 23.7 -48.9 -51 .8
.130 4.8 7.8 10.9 26.0 -14.4 -33.5
.140 3.1 3.7 11.1 26.8 -14.4 -27.4
.150 6.3 3.1 11.5 27.0 -20.1 -6.1
.160 4.3 .6 12.2 27.1 -14.4 -3.0
.170 10.9 2.6 13.5 27.2 -8.6 -15.2
.180 8.3 1.3 15.9 27.2 -31.7 -3.0
.190 6.2 3.3 17.8 27.3 -14.4 15.4
.200 6.6 3.2 18.7 27.5 14.6 15.4
.210 6.7 3.2 19.9 27.6 14.6 -9.1
.220 6.3 2.4 21.0 27.7 -25.9 -9.1
.230 6.0 1.6" 22.2 27.8 -25.9 -15.2
.240 5.9 2.3 22.8 27.8 -14.4 -15.2
.250 5.7 2.1 23.6 27.9 -8.6 -3.0
.260 6.4 2.3 24.5 27.9 -2.9 -3.0
.270 6.7 1.9 25.6 28.0 -2.9 0.0
.280 7.2 1.3 27.0 28.0 -14.4 -3.0
.290 7.3 .9 28.4 28.0 -S.6 3.1
.300 6.9 .8 29.9 28.0 -14.4 3.1
.310 7.7 .9 31.1 : 8. I 0.0 3.1
.320 7.7 1.3 32.7 28.1 -14.4 3.1
.330 8.0 1.2 H.3 28. I -8.6 -3.0
.340 8.3 1.2 36.1 28. I -14.4 3.1
.350 8.0 1.2 37.8 28.1 -14.4 -9.1
.360 8.6 1.4 39.7 28.1 -25.9 0.0
.370 8.2 1.3 41. 6 28.2 8.8 -12.2
.380 8.2 1.0 43. 3 28.2 -8.6 -3.0
.390 8.0 1.1 44.9 28.2 -S.6 ·12.2
.400 7.7 1.0 H.6 28.2 0.0 3.1

MAXIMUM VALUES AND TIME OF OCCURANCE
X/LT---SEC Y/RT---SEC Z----SEC R----SEC

HEAD (13'5) 0.0 .409 -7.2 .170 -11 .5 .108 11.7 .106
CHEST (13' 5) -14. , .060 5.5 .122 6.6 .059 15.4 .060
FEIIUR LOAD (LBS) O. .409 238. .029

CUIIULATIVE PERIOD FOR 60-13 LEVEL : 0.000 SEC.

HIC = 43.5 DURING T = .054 TO .409 SEC.
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TABLE A.18 (Cont'd)

TEST ID ------ ~BCT-8

TEST DATE ---- 08-07-81
VEH ICLE TYPE - MINI-SIZE

VEHICLE MASS 2014. LaS. OCCUPANT - PASSENGER
IMPACT SPEED 59.3 MPH 572-50% MALE DUMMY
IMPACT ANGLE • 0.0 DEG. RESTRAINTS - NONE

TIME RESULTANT (G'S) -------51------- FEMUR LOADS (LaS)
(SEC) HEAD CHEST HEAD CHEST LEFT RIGHT

0.000 .7 .9 0.0 0.0 -3.4 0.0
.010 .6 .3 .0 .0 8. I -5.7
.020 .8 .4 .0 .0 58.9 62.4
.030 2.1 1.1 .0 .0 47.3 6.8
.040 2.5 1.8 .1 .1 42.7 70.3
.050 3.2 3.0 .3 .3 185.9 176.9
.060 3.1 3.3 .5 .4 138.6 111.1
.070 3.5 1.9 .7 .6 64.7 86.2
.080 16.8 4.0 19.9 1.1 102.8 167.8
.090 24.4 8.4 35.0 2.6 252.9 254.0
.100 9.1 15.0 48.8 6.7 225.2 502.3
.110 3.8 22.7 50.0 22.0 185.9 195.0
.120 121.8 53.8 281.1 106.4 222.9 165.5
.130 16.7 9.3 795.0 195.2 225.2 ~ 173.-5
.140 6.6 2.3 798.3 196.8 130.5 77.1
.150 8.0 2.1 799.2 197.0 47.3 15.9
.160 4.0 5.6 800.0 197.4 12.7 6.8
.170 1.9 4.9 800.2 198.1 -26.3 0.0
.180 4.2 2.0 800.3 198.5 -24.0 6.8
.190 5.5 2.7 800.7 198.7 -17.2 -10.5
.200 2.9 2.5 801.1 198.8 -10.3 -5.7
.210 4.2 3.0 801.6 198.9 -13.7 9. I
.220 8.0 3.0 802.7 199.2 -14.9 18.1
.230 6.1 1.5 803.5 199.3 10.4 -91.3
.240 3.9 2.3 804.3 199.3 1.2 13.6
.250 3.7 2.0 804.6 199.4 -5.7 6.8
.260 2.7 1.6 804.9 199.4 -1.1 4.5
.270 2.6 2.1 805.0 199.4 1.2 9.1
.280 2.7 \.1 805.2 199.4 -1.1 -1.9
.290 2.9 1.6 805.3 199.5 -3.4 1.1
.300 3.2 2.1 805.4 199.5 -3.4 1.1
.310 3.4 1.5 805.7 199.6 -9.2 -1.9
.320 3.9 1.0 805.7 199.6 -14.9 -5.7
.330 2.8 1.2 805.9 199.6 -3.4 -1.9
.340 1.7 1.0 806.0 199.6 I .2 -1. 9
.350 1.9 1.0 806.0 199.6 -5.7 -1.9
.360 2.0 1.1 806. t 199.6 I .2 1.1
.370 4.1 1.6 806.3 199.7 -3.4 6.8
.380 1.4 2.6 811.3 199.7 1.2 6.8
.390 3.7 2.8 8t 1. 4 199.8 -9.2 0.0
.400 3.2 2.8 811.9 200.0 -5.7 -1.9

MAX II'IUN VALUES AND TIME OF OCCURANCE
Xl LT- --SEC Y/R)' ---SEC Z----SEC R----SEC

HEAD (G'S) -98.9 .120 25.7 .120 98.2 .120 141.7 .120
CHEST (G'S) -55.2 .119 12.2 .105 -13.1 .102 56.5 .119
FEMUR LOAD (LBS) 318. .102 O. .409

CUMULATIVE PERIOD FOR 60-6 LEVEL . 006 SEC •

HIC = 599.0 DURING T = .117 TO .123 SEC.
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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 modified to reduce its end-on impact

resistance. This was accomplished by a 2040-lb (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 to reduce impact loading.

Test Vehicle: A 1975 Honda Civic was the test vehicle; 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 2040 Ib (925 kg).

Performance: Impact conditions were 59.3 mph (95.4 kmph) and a

-1.3-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 yaw 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 yaw

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.

Maximum 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 one 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 sections,

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.ISO



, ,A
., , "- --/ '"::v_' ~ri' _::'J

lO~~'_~~~~:",,~:~~:-:~'~~'"';';-f- rMr',v'" ;~, ", "'C~ ",' ~ '" .... j
-,~, ..... _", __, _,'-;,~,__'_~_·--,l

O. b ~;('c 1.1 sec

O. 'I ,;, (' o. ] . 2 S 8L'

','-

:-•.,., _'y r"_ ~~" • ~1

'~~.bii

FIGURE A.94 TEST WBCT-9 IMPACT SEQUENCE

A.1Sl



VEHICLE X-~CCELERRTJON

,fv\ M. !
,

I J'-.

J~~ ~y •NV rv~ I~

I~
Jl

o
o
<:>

'"

g UeCl-9
o..,

o
o

o
o
o
'",

<:>
<:>

'0.00 I. 00 2.00 3.00 ~iao

TlroIE IroISl -10
5;00 6.00

g US!:T-9 VEHICLE Y-RCCELERRT10N
o..,

o
o
<:>

'"

o
<:>

o
'",

I
I

~

I \ ~ \~ h L~I l

V It """,,v \ ('1"1 '(

\I
I I

I,

i

g
o..,
'a.oo 1.00 2.00 3.00 ~ioa

T1ME IHSJ -10
5.00 6.00

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

A.152



6.005.00

DRIVER HERO Y-RCCELEBRTION

;,>. 00 3.00 Y
f

00
TIHE IMSJ 010

I. 00

i

I

~t~ IU

'W~l rr'/Y""

o
o
o
'".

o
o
o

'"

g :.IaCI-9
o
'"

o
o
o
'"'0.00

o
o

1,("10

-'"

6.005.00

DRIVER HERO X-ACCELERATION

2. 00 ~. 00 ~i 00
TIME IMS) -10

I. 00

I I ,
I

i I

I I
I

I I

I ~11A.A --:AAMAA

~.~ I"~ I
I

·1 ' I
!

r I

'f-
I I

I

o
c
o
'7

g WSCT-9
o
'"

o
o
::>
'7

o
o
o
'".~. 00

o
o

1,("10

-'"
'-'

6.005.00

DRIVER HERO R-RCCELERRTION

;,>. 00 ). 00 Y
f

00
TIHE IHSI olD

I. 00

I

,

I
I

\~~ ~~~~~\.wo
o

o
o
o
oil

o
o
o

g uaCT-9
o

'"

't. 00

o
o

<J1O
-'"
u

6.005.00

DRIvER HERO Z-ACCELERATION

2.00 3.00 ~"OO

TI HE IMS) - 10
I. 00

i
I

I
I

t
I

! I

Ii
I ..

~~I. I
I-- .

, I

I
I
I,
1

i I

::>
o
o
'"

o
o
o
'"0.00

::>
::>

::>
'7

o
::>

g WaCI-9
o
'"

1,("10

-'"u

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

A.153



6.005.00

DRIVER CHEST Y-~CCELERATION

2.00 3. 00 ~1 00
T1HE IMS J • I 0

l. 00

I
"'"

A.
...,.-.,

",J'f-wv'-V - I

;
o
o
o
'3,

o
o
o
'"'0.00

o

'"
<1'10
-'"u

~g
.... 0
a:
a::
.... 0
-'0
UJ o
w'"
W
a:

g UBCT-9
o
'"

o
o
o
'7

6.005.00

DRivER CHEST X-~CCELERATION

2.00 3.00 4.. 00
TIME IMSI .10

I. 00

I I
I!

I

I
I

If! .INW>¥..... rw

I
I
i
i

f
I

o
o
o
'3,

o
o
o
'"'0.00

g UBCT-9
o

'"

o
o
o
3'

o
o

</10
'"

6.005.00

DRIVER CHEST R-RCCELERATION

2.00 3.00 41 00
TIME IMSI "10

1.00

~
~

~M. .}, .....J~~~J . ........o
o

"b.OO

o
C>

(flO

-'"
U

g W8CT-9
o

'"

o
o
o

c
'"
C>
lI>

Zo
0 0

-0... '"'ex
a::
w
-,0
UJO
Wo
u'"a:

6.005.00

DRIVER CHEST Z-~CCELERATION

2.00 3.00 ~100

lIME IMSI "10
1.00

i I II
I i
I I II

I
II I

I

I
It.,

I
I I

Ij I
'I ""l....-

I

I
I I

!

I

I
i I

o
o
o
~

I

o
o
c

'"'0. 00

o
o

</10

-""u

o
o
o
'3

g W8CT-9
o
'"

~g
.... 0
a:
a::
.... 0-,0
.... 0
w'"w,
c:

FIGURE A.88 DRIVER DUMMY CHEST ACCELERATION PLOTS, TEST WBCT-9

A.154



g UBCT-9 DRIVER LEFT FEMUR LuRO

S.OO2. 00 3. CO ~I 00
TIME (MSI ,,10

I. 00

, I
i

I

I

I~ I
·vr I

I
I
I
I

I
I I

I

o
o
o

o
o

o
o
o

o
o

~

'0. 00

CJO
a. 0

0",
...J '

-•

DRIVER RIGHT FEMUR L~RDg WBCT-9
"'...-----..----,------r---...,...---,----,

o
o

~.J-----+----l------I---+---1----I

o0+.-__-+ -1-__--1 + __-1 _
0'"

0 0
a:: 0

0"'+-___+---4---___+---+----+----+
...J '

o
o

~+-----+----1-------+---+----+----1

o
o

~;,L.---4----l------l---+--~----i
'c.oo i.OO 2.00 3.00 ij,.OO S.OO 6.00

TIME [HSI "10

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

A.ISS



,

.r l.y

IVV
I
i
I

I,

I
I
I

I
I

6.aoS.OO

PRSSENCER HERO Y-RCCELERRTION

2,00 J.ao ~fOO

TIME (1"151 -10
J. 00

I,
!

I

,J ..
I

....
V

y ....,. --....-......

·i

.1
I

o
o
o
:r,

o
o
::>

'"'a.oo

o
o

",0

-'"u

::>
o
o
:r

g 1..16C1-9
o

'"

6.005.ao

PRSSENGER HERO X-RCCELERRTI~N

2.00 J.OO ~foa

TIME IMSJ -JO
J. ao

o
o
o
:7,

o
o
o
:7

g WSCT-S
o...

o
o
o

'"'0.00

o
o

",0

-'"u

6.Ja5.0a

PRSSENCER HERO R-RCCELERRTION

2.CO J.OO ~Jaa

TIME (MSJ -10'
I. aO

0

'"
0
0

0
u'I

0
0

0
:7

0 ! ,0

~ r
0
0

0
'" ,

0 I
~::>

I,..:

~j
V~V ILJM~'

I'll

-u

g W6CT-9

z
o

"ti. oa

~

a:
a::
Lo.I
...J
Lo.I
U
U
a:

6.ao5.00

PRSSENGER HERO Z-RCCELERATrON

2.00 J.oo ~faa

TIME IMS)-10
J. aa

:!
,

,

.J.1 h ( 1

."'f' ~' ~\..r'V~
.1.1 .AlII

'Pj'"

i
I

I
I, i

1
i

I

.i i I

o
o
o
:r,

c
o
::>

'"'a. 00

g U6CT-9
o
'"
o
o
o
:r

::>
o

",0

-'"u

FIGURE A. 90 PASSENGER DUMMY HEAD ACCELERATION PLOTS, TEST WBCT-9

A.156



6.(5.00

PASSENGER CHEST Y-ACCELERATlON

2.00 3.00 ~/OO

TIME (MSJ -lO
I. 00

.1

J ...JI.,... ,A

T~'" '"\If

!
;/ I

:
!

,
i

I I

o
o
o
:2'

o
'"
'""''0.00

o
'"

<J1O

-'":..>

o

"'
g WBCi-9

o
o
o,..

6.005.00

P~SSENCER CHEST X-~CCELER~TION

2. 00 3. GO ~I 00
TIME IMSI -,0I. 00

I

, I .~
I
.~! '---V ~

I

I
·1 I

I IV ,
I

I
I
I
:

I
I

I

o
Q

o
:2'

g W8CT-9
o

""

c

'"o
:2'

c
o
o

"''a. 00

o
'"<J10

-'"
'::

6.005.00

PASSENGER CHEST R-ACCELERATION

2.00 3.00 ~/OO

TIME IMSJ -lO
I. 00

0

"'
0
c
...:....

0
0

=i
z

I0
0

C
M

I

i
c ~0

.: i
'""

'" !c::
I-

~~,.jll~ ~~

'"

"b. 00

g WBCT-9

z
o
....
a:
IX
LoU
~

LoU
U
U
a:

6.005.00

PASSENGER CHEST Z-ACCELERATION

2.00 3.00 ~/OO

ilME lMSl ole
I. 00

1
I

I

... Ii, II. f".... -M..'\ II V f

i :

Q
o
o
:2'

o
o

'""''0.0::J

g WBCT-9
o

"'
o
o
Q,..

o

-~
<J10_....
'::

FIGURE A.91 PASSENGER DUMMY CHEST ACCELERATION PLOTS, TEST \.JBCT-9

A.IS7



g UeCT-9 P~SSENCER LEFT FEMUR LORD
'"

o
<:>

<:>

<:>
<:>

0'"

<:>
-0o.n •
a:: 0
...J

00
c::,0
0",
...J '

o
<:>
Q

Q
Q

1~(\ l/\. /"...
I
I-

I
'0.00 1.00 2.00 3.00 ijiOO

TIME IMSJ "'10
s.oo 6.00

PRSSENCER RICHT FE~UR LORD

I~t
A r-..

,

o
Q

~

g UBCT-9

'"

<:>
o

0'"

o
Q

~

Q
Q

~

'0.00 1.00 2.0~ 3.00 ijtOO
TI~E lMSI ",10

S.OO

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

A.ISS



~'"",.~o:•. &
!,"l-'"
, ~~", ,,' _.: f
I ~ l

1 J._

'd~~'-

~.-=' '

b
~~~,",;,"/;; C~ •• ~,< ~·""t>ii ",,,~,~:,,:

, ,.,~ i ";i"/ A " ,-~""""
--~"1"

,<;,';r.t
, •• ~"'--<"~

~

f-'
\Jl
\D

h
~----~'_-----~-----~-'--C---y~---,~.. ~ t ',' ~. , " •of

, ~. " - '" :" ~ - .'" '. "',. I
# " ..l.:..,..!.. ..~~ ~ ~~ +_~,-:! \'''' ' '1'~ \., -, ~. >- ~ .. ": ;"i

~,t ~_...... j._.~'-_--:.h,

~

III

-~~-'---'-------~-~~
~

FIGURE A.103 BARRIER AND VEHICLE DAMAGE, TEST WBCT-9



TABLE A.19

TEST WBCT-9 TRANSDUCER DATA

TESi ID ------ ~BCi-9 HIGHESi 50.0-NS AVG. ACCEL.
TEST DATE ---- 08-24-Bl TIME (SEC)
VEHICLE T~PE - MINI-SIZE G'S START END
INPACT AHGLE - 0.00 DEGREES
INPACT SPEED - B6.97 FPS LONG. -12.19 .013 .063

LAT. -3.25 .134 .1 B4

VEHICLE KINEiICS SU"MARY
NOTE: VALUES ARE INSTANiANEOUS AT TIME

F

TINE VEH. ACCEL. (G'5) VEH. VEL. (FP5l VEH. DISP.<FI
(S) LONG. LAT. LONG. LAT. LONG. LAT.

0.000 -.08 -.26 B6.97 0.00 0.00 0.00
.010 -5.24 4.42 85.87 .13 .85 -.00
.020 -B.72 4.70 84.06 .38 1.69 .00
.030 -10.84 -5.58 82.14 -.70 2.57 .00
.040 -9.06 -.49 77 .81 -.54 3.35 -.00
.050 -25.BO 14.62 71, 16 .83 4.09 -.01
.060 -11 .24 4.85 66.78 3.63 4.77 .02
.070 -6.94 -2.64 65.11 3.95 5.41 .06
.080 -3.89 -3.56 64.11 2.45 6.10 .09
.090 -5.09 .68 62.98 2.64 6.72 .11
.100 -2.93 2.63 61.45 2.53 7.33 .14
.110 -5.75 1.74 59.88 3.63 7.93 .17
.120 -10.95 .64 57.71 4.39 8.51 .21
.130 - 8.41 4.92 54.85 6.B7 9.11 .27
.140 -5.75 -6.85 52.71 5.79 9.64 .33
.150 -.93 -3.43 51.B6 3.B2 10.15 .38
.160 - .12 -1.32 51.36 3.01 10.66 .42
.170 I.BO -1.24 52.01 2.90 11.16 .44
.180 2.13 -1.99 52.6B 2.10 11.72 .47
.190 .35 -2.25 53.05 1,70 12.24 .49
.200 -.67 .72 52.70 1.49 12.76 .50
.210 -2.16 -, .44 52.16 1.35 13.28 .52
.220 -.96 -.92 51.42 1.12 13.83 .53
.230 .77 -1 •B4 51.51 .BO 14.33 .54
.240 .43 -.43 51.70 .60 14.84 .55
.250 1. 04 -.46 52.02 .36 15.35 .55
.260 -3.B9 4.11 51.72 .5B 15.86 .56
.270 -6.98 3.03 49.95 1. 54 16.40 .57
.280 -4.B2 .68 48.31 2.33 16.B9 .59
.290 -2.24 -.09 47.25 2.51 17.35 .61
.300 -.73 -3.31 46.72 1. 93 17.82 .63
.310 1, 82 -1, 16 47.16 1, 17 18.2B .65
.320 .66 -2.15 47.9B .74 18.78 .66
.330 -.50 .06 48.03 .30 19.25 .66
.340 -1.20 -.55 47.44 .49 19.72 .67
.350 -.96 .40 47. I8 .36 20.19 .67
.360 1. 70 2.92 46.68 .42 20.65 .68
.370 -4.13 -.28 46.41 .61 21 • is- .6~

.380 2.86 -2.24 46.43 .72 21.60 .69

.390 -.08 .19 46.38 -.32 22.05 .69

.400 -.35 -2.08 46.40 .12 22.51 .69
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TABLE A.19 (Cont'd)

TEST 10 ------ UBCl-9
TEST DATE ---- 08-24-Bl
VEHICLE TYPE - MINI-SIZE

VEHICLE MASS 2040. LBS. OCCUPANT - DRIVER
IMPACT SPEED 59.3 MPH 572-50% MALE DUMMY
IMPACT ANGLE 0.0 DEG. RESTRAINTS - LAB + SHOULDER BELTS

TIME RESULTANT (G'S) -------51------- FEMUR LOADS (LBS)
(SEC) HEAD CHEST HEAD--- CHEST - -- UFr -- -R1GHT

0.000 .4 .2 0.0 0.0 17.9 1.8
.010 .8 .4 .0 .0 -3.5 -14.3
.020 1.0 .6 .0 .0 25.1 -3.6
.030 2.4 3.1 .0 .0 429.6 -10.7
.040 3.9 17.7 2.3 3.7 125.3 213.8
.050 2B.7 14. B 14) 4B.3 39.4 157.7
.060 26.6 11.2 80.0 75.2 -74.0 -10.7
.070 36.1 12.2 149.2 81.8 -88.1 -66.3
.080 11.3 6.4 170.1 84.3 -36.8 -75.2
.090 5.8 5.3 172.0 85.0 -3.5 -39.4
.100 5.9 5.4 172.4 85.7 -3B.8 -2B.7
.110 3.0 4.3 172.7 B6.1 -49.3 -35.8
.120 6.4 2.6 173.2 B6.3 -10.6 -25.1
.130 4.9 3.B 173.6 B6.6 -10.6 -28.7
; 140 3.B 3.2 173.9 86.8 -24.7 -35.8
.150 4.0 3.9 174.2 87.0 -28.2 -2B.7
.160 I .9 3.4 174.4 87.2 -10.6 -21.5
.170 3.0 3.6 174.5 87.4 -10.6 -7.2
.180 2.6 3.5 174.7 87.6 -24.7 -21 _5
.190 3.5 2.7 174.9 87.B -3.5 -19.7
.200 4.4 2.8 175.2 87.9 -B.B -10.7
.210 2.9 3.2 175.5 88.1 -24.7 -25.1
.220 3.4 4.0 175.8 8B.3 -22.9 -25.1
.230 4. I 3.0 176.1 88.5 -7.0 -7.2
.240 4.1 2.8 176.4 88.6 -17.6 -3~.8

.250 1.5 2.4 176.6 88.7 -21.\ -25.1

.260 2.6 2.8 176.6 B8.8 -10.6 -32.2

.270 1.6 2.9 176.6 88.9 -10.6 -25.1

.280 2.0 3.2 176.7 89.1 -10.6 -10.7

.290 1.3 3.0 176.7 89.2 -10.6 -21.5

.300 2.6 3.B 176.B B9.5 -17.6 -21.5

.310 7.0 5.2 177.1 89.9 -45.8 -32.2

.320 5.2 5.2 117.5 90.5 -3.5 -32.2

.330 5.3 4.B 17B.1 91.2 -14.1 -21.5

.340 5.0 4.9 178.6 91.7 -3.5 -17.9

.350 5.9 3.9 179.4 92.1 -17.6 -21.5

.360 7.3 4.0 180.4 92.3 -17.6 -25.1

.370 6.0 3.5 181.0 92.6 -28.2 -21.5

.380 4.7 3.2 181.3 92.8 -10.6 -25.1

.390 2.1 4.0 181.4 93.1 -10.6 -21.5

.400 1.9 3.9 1B1. 5 93.3 -10.6 -25.1

MAX II1UM VALUES AND TIME OF OCCURANCE
X/LT---SEC YlRT---SEC Z----SEC R----SEC

HEAD (G'S) -48.1 .054 -7.7 .062 -27.7 .061 49.1 .054
CHEST (G'S) -35.3 .052 -6.4 .052 9.7 .053 36.1 .052
FEMUR LOAD (LBS) 430. .030 O. .409

CUMULATIVE PERIOD FOR 60-G LEVEL 0.000 SEC •

HIC = 148.1 DURING T = .048 TO •073 SEC.
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TABLE A.19 (Cont'd)

TEST ID ------ UBCT-9
TEST DATE ---- 08-24-81
VEHICLE rTPE - MINI-SIZE

VEHICLE MASS 2040. LBS. OCCUPANT - PASSENGER
IMPACT SPEED 59.3 MPH 572-50% MALE DUMMY
IMPACT ANGLE 0.0 DEG. RESTRAINTS - HONE

TIME RESUL TANT (G'S) -------51------- FEMUR LOADS (LBS)
(SEC) HEAD CHEST HEAD CHEST LEFT RIGHT

0.000 .4 .4 0.0 0.0 4. B 4.1
.010 .3 .6 .0 .0 1.0 -3.5
.020 .7 .6 .0 .0 -5.7 -3.5
.030 3.9 2.5 .\ ;1 94.-6 -1.7
.040 5.B ~ •2 .4 .1 129.0 260.2
.050 1.5 4.2 .5 .4 180.5 270.6
.060 5.9 5.4 1.2 1.2 171.0 289.2
.070 19.5 4.3 5.6 1.7 19.2 415.2
.080 30.2 10.3 41.4 2.9 96.5 462.7
.090 6.9 16.4 69.9 10. t 201.6 139.4
.100 22.2 23.7 79.0 37.7 167.2 121. 9
.110 10.2 15.7 91.1 63.5 33.4 -1.7
.120 26.6 5.7 105.9 6B.0 -6.7 26.9
.130 11.7 6.5 137.6 69.5 -17.1 8.3
.140 12.6 9.1 139.7 69.4 -8.6 -3.5
.150 13.5 4.1 145.6 70.7 -10.5 2.1
.160' 9.2 2.1 149.4 70.9 -27.6 -25.9
.170 7.6 3.4 150.5 71.0 -27.6 -32.9
.190 6.5 3.9 152.1 71.3 -19.0 -29.4
.190 4.0 4.6 153.0 71.7 27.7 -6.9
.200 5.4 5.3 153.5 72.1 33.4 36.1
.210 6.6 6.7 154.6 72.9 39.2 51.6
.220 4.9 3.6 155.1 73 .3 B6.0 39.2
.230 4.9 3.9 155.3 73.5 29.7 12.4
.240 3.0 2.5 155.5 73.6 16.2 4.1
.250 .9 3.9 155.6 73.9 -4.8 10.3
.260 1.9 4.0 155.6 74.3 -20.0 -8.6
.270 3.0 3.0 155.9 74.6 -29.5 0.0
.290 2.3 2.0 156.0 74.6 -25.7 -8.6
.290 2.4 1.5 156.1 74.7 -10.5 -12.1
.300 5.3 3.4 156.6 74.9 -10.5 -9.6
.310 5.5 2.0 157.0 75.0 12.4 4.1
.320 5.1 2.5 157.4 75.1 57.3 19.6
.330 5.4 3.5 157.8 75.3 B5.0 37.2
.340 3.3 4.3 159.4 75.7 75.5 41.3
.350 5.1 4.0 159.0 76.1 35.3 35.1
.360 4.8 2.0 159.4 76.2 12.4 31.0
.370 3.7 1.9 159.9 76.3 -12.4 16.5
.380 5.3 1.4 160.2 76.3 -6.7 19.6
.390 2.7 1.1 160.5 76.4 12.4 12.4
.400 4.1 1.6 160. ~ 76.4 20.1 19.6

MAXIMUM VALUES AND TIME OF OCCURANCE
X/LT---SEC Y/RT---SEC Z----SEC R----SEC

HEAD (G'S) -35.4 .078 18.8 .070 -29.6 .122 35.6 .078
CHEST (G'S) -24.3 .104 11.1 .094 -17.1 .099 30.1 .097
FEMUR LOAD (LBS) 278. .035 O. .409

CUMULATIVE PERIOD FOR 60-G LEVEL = 0.000 SEC.

HIe : 106.0 DURING T = .066 TO .131 SEC.
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TEST WBCT-IO

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-lb (204l-kg) automobile

at 60 mph and a 25-deg angle. Target impact point was the third post (the

first steel post) of the installation.

Test Installation: The configuration of 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 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 4500 lb

(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.2l and plotted in Figures A.94 thru A.lOO.

Barrier Dam~: As shown in Figure A.lOl, barrier damage consist

ed of one fractured rail section, two 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.10l. Both front tires were

cut and the rims bent by contact with steel posts and blackouts. In

addition, the windshield was cracked from impact by the unrestrained

passenger dummy's head.

A.164



VEH1CLE X-~CCELERR110N

I

. ~ II.~~ ~~,

.I~
~, "VI rrr'

o
Q

o
o

8 WBCT-10
o,.,

o,..

oo
o
'"
o
o
o...
'0.00 2.00 ~.OO 6.00 9.00

TIME 11'151 .10'
10.00 12.00

VEHICLE r-~CCELERR1[ON

l...l l~ III A

I~~
~ '1\ -! y~

~ ,

o
o

o,..

8 WBeT-IO
o...

o
o

-
~

8
o
'"

o
o

~
'0.00 <.00 ~.OO 6.00 9.00

T I ME (NS I • 10'
iO.OO 12.00

FIGURE A.94 VEHICLE ACCELERATION PLOTS, TEST WBCT-IO

A.165



I I
II

I

I I
I

! I
! I

I rl1h..
~

I j I
! i
, .

I !
I, I

I
I I

I ! I
I

I

:
,

,

6.005.00

DRIVER HEAD Y-ACCELERRT10N

2.00 3.00 ~100

TIME (MSJ -10
I. 00

I

j

:

:

~ ~. ~ .-
~f-.rJV

....,. I

I

o
o
o
'"

g WBCT-IO
o
'"

o
o
o
~

o
o
o
'"'0. 006.005.00

DRIvER HERD X-RCCELERRTION

2.00 3.JO ~(oo

TIME [MSI -10
1.00

o
o
o
~

g WBCT-]O
o
"'

o
o

,,",0

-'"

o
o
o
"''a. 00

~g
.-0
a:
'""-'0
-,0
w·w;;:
u'a:

6.005.00

DRIVER HEAD R-RCCELERRTION

2.00 3.00 ~,.Qi)

TIME [1'151 -10
1. 00

1

I

I
I

~

~A il!' J,

W V" Ii , V"'I ~
~~~I,r,,' I

g WBCT-IO
o

'"
o
o
o
'"

o

'"o

o
o

"b. 00

o
o

1/10

-'"

6.005.00

DRIVER HERD Z-RCCELERRT10N

2. OC J. 00 ~(oo

TIME (MSI -10
1. 00

I

I
I
!

I i
I

I
: I

I
I I

~I .. ,

li~

o
o
o
~

o
o
o

"''a. co

g W8CT-10
o
<D

o
o
o
""

u

o
o

FIGURE A.95 DRIVER DU}illY HEAD ACCELERATION PLOTS, TEST WBCT-IO

A.166



g USC1-tO

6.00S.OO

DRIVER CHES7 Y-~CCELERRTION

2.00 3.00 ~ 00
TI~E IMSl _IOf

I. 00

I
I

.1

I

. ' AM ~
'/ \ lJ'i

o
o
o
~,

o
o
o
~

g USCT-!O
Q

'"

o
o
o
'"'0.00

o
o

<1">0

-'"u

6.00SoOO

DRIVER CHEST X-~CCELERATION

2.00 3.00 ~fOO

TIME (MSI -to
\. 00

I

I II I

I
I
I A.A

~'l~
rv

i,

I
I

I

!

i

c:
c:
o
«:
'0. 00

<:
o
<:
~,

o
c
<:
~

o
'"

<:
<:

",0

'"u

~g
.... c
a:
0:
WO
-,0
W o
w'"
w'c::

6.00S.CO

DRIVER CHEST R-RCCELERRT10N

I. 00

'I
,

!
I

I

I
I

I
,

~ It I

i / V\~I.A'_~.I.L....J""'"

g USCT-IO
o

'"
o
o
o

'"

o
o
o

o
o

~.OO

o
o

<flO
-~

U

6.00So 00

DRIVER CHEST Z-~CCELERR1JON

2. 00 3. 00 ~f 00
TIME (MS] -10

1.00

I

I
I
i
I

.1

I

I
I I

I
I

I!
i

IJI\
'I \7'"' I -
I
\

.~~

.\ I ,

o
o
o
'"

o

'"'0000

g USCT - 10
'"'"

'"o
c:
~

-</10

'"

o
o

FIGURE Ao96 DRIVER DUMMY CHEST ACCELERATION PLOTS, TEST WBCT-10

A.167



g weeT-IO DRIvER LEFT FEMUR LORD

I
;

.•LA. ,
r I

I

I

o
o
o

o
o
o
,

00
a: O

oui
....i •

o
-0
en .
(Do

-'

o
o

0'"

o
o

'"
'0.00 J. 00 2. 00 J. 00 ~;I 00

TIME INS] .. 10
s.oo 6.00

6.00s.oo

DRIVER RIGHT FEMUR LORD

J. 00

I .....

\

Ij
'0.00

,"

g wseT-IO

'"

o
o
o
,

o
o
o

<>o

FIGURE A.97 DRIVER DUMMY FEMUR LOAD PLOTS, TEST WBCT-IO

A.168



g WBCT-IO

I

I
I

:
'~ ~

r / wv"" I\1 I
I

V I

I

I

I

I
I i

6.005.00

PASSENGER HERO Y-ACCELERPTICN

2.CO 3.00 ~fOO

11ME lMSJ -10
1.00

...... r---" L;
I
I
I
I

I

o
o
o
=r

o
o
o

'"'0.00

o

'"
o
o
o
""

g USCT - I 0

o
o

<I'lO

'"

6.005.00

PRSSENGER HERO X-R:CELERPTlON

2.00 3.00 ~fOO

TI~E IMSl -\0
1.00

o

'"

o
o
o
""

:>
o
o
""

o
o
o
'"'0. ,)0

o
o

(J'lO

-'"
U

6.00S.OO

PRSSENGER HERO R-RCCELERR110N

2.00 3.00 , CO
TIME lMSJ _lOf

I. 00

I

I I

I

LJ1~ ~~~~~

g wlSC1-l::!
o
'"

o
o

o
o
o
'"

o
o

'"o
o

'1l. 006.005.00

PASSENGER HERO Z-RCCELERP110N

I. UO

I

I

I

I

A r-.. 0 II,

\' 11 1
'iJ

W ~'I'" n'

I
I

i

I

I
-

o
o
o
'7

o
o
o
'"'e.oo

g USCT-IO

o
o
o
'7

FIGURE A.98 PASSENGER DUMMY HEAD ACCELERATION PLOTS, TEST WBCT-10

A.169



6.005.00

PRSSENGER CHEST Y-RCCELERATION

2.00 3.00 ~fCO

TIME IMS J - 10
I. 00

I
I

~rrW~ "

I

o
10

10
~

g UBCT-tO
o

'"

o
o
10
~,

10
10

o
'"'0.00

o
10

lI'110_....
'-'

5.00

PASSENGER CHEST X-HCCELERATION

2.00 3.00 ~fOC

TIME IMSJ -10
1.00

, ,

I

I I............

"",/',
i

I ,,
I

i I I

! I
Ii i

I I
I i

o
o
o
'"

o
o
o

'"'0. co

g UBCT- 10
o
'"
o
o
o
~

o
o

lI'l0

-'"
'-'

6.00S.OO2.00 3.00 ~fOO

TIME IHSI alD

PRSSENGER CHEST R-RCCELERATION

1.00

I

,
I

~~/ ~~ J.A.~c
c

'1l.00

10
10

10

'"

10
10

o

g WBCT-IO
o

'"

6.005.00;>.00 3.00 ~fOO

TIME IMSJ -10

PRSSENGER CHEST Z-RCCELERATION

I. 00

'I

i

~ I -
i WI

,

i I
,

I
I i!

o
o
o
~,

o
o
o

'"'0.00

o
o
o
~

g 1,;8CT- 10
o

'"

o
o

lI'lO

-'"
U

~g
.... 0
cr.
0::
",",0-,0
""0w ....
u'cr.

FIGURE A.99 PASSENGER DUMMY CHEST ACCELERATION PLOTS, TEST WBCT-IO

A·l70



g WSCT-IO PRSSENGER LEFT FEHUR LORD

o
o
o

o
o

o~

o
-0
Vl •
IDO
...J

If~ I

00
cr. 0

0";
...J'

o
o
o
,

o
o

"
'0. '30 I. 00 2.00 3.00 ~.. OO

T1ME l!'lSI .10
s.oo 6.00

g USCT-IO PRSSENGER RIGHT FEMUR LORD

6.005.00<.00 3.00 ~.. OO
TIME I~SJ ·10

I. 000.00

I
i

.j

!

J\~~ I

,

.1
,

, -

o
o

"'

o
c

~

o
o
o

o
o

FIGURE A.lOO PASSENGER DUMMY FEMUR LOAD PLOTS, TEST WBCT-lO

A.Ill





qj TABLE A.20

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

SUHHAR' Of VEHICLE KINEMATIC AND D'NAHIC DAtA WOO~ POST BCT JEST W8CI-I0 91l8/dl

IIHE AFJEK
I "PAC Tl SEC'

VEHICLE C. C.
COUMOINArE SIf I'

• -, , y

HEADINe
ANCLE
IDEG'

VEHIr.LE VlLllCITL,
IFT/SH'

. LONe., '''. LAI

VEHICLE ACC~liMAII~NIG·SI

AT .IIHE I .AYl~Ab~ AYlM .U~ jLC.
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APP~UX. ol ... ~~LoI.
~ l) '{ \,,:. I t. _ .,

x r
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TABLE A.21 (Cont'd)

TEST ID ------ ~BCT-l0

TEST DATE ---- 09-18-81
VEHICLE TYPE - FULL-SIZE

VEHICLE NASS 4500. LBS. OCCUPANT - DRIVER
IMPACT SPEED 60.0 MPH 572-50% NALE DUMHY
IMPACT ANGLE 25.0 DEG. RESTRAINTS - LAB • SHOULDER BELTS

tIME' RESUL TAIH (G'S) -------SI------- FENUR LOADS (LBS)
(SEC) HEAD CHEST HEAD CHEST LEFT RIGHT

0.000 .4 .0 0.0 0.0 20.1 1.8
.010 .7 .3 .0 .0 34.7 -19.3
.020 .4 .2 .0 .0 23.8 5.3
.030 1.1 .3 .0 .0 -I .8 -8.8
.040 .8 .6 .0 .0 16.5 -33.3
.050 .9 , .2 ·9 .0 20. , -1.8
.060 , .3 1.9 .1 .1 14.6 -8.8
.070 2.1 2.3 .1 .2 65.8 24.9
.080 3.2 5.2 .2 .6 -32.5 -33.3
.090 5.4 12.0 .6 2.8 -16.3 -40.3
.100 9.4 10.9 2.2 6.9 1.8 -15.8
.110 9.2 10.7 4. 1 10.0 -38.0 -40.3
• t 20 11.9 4.4 7.8 II. 4 -56.1 -=0"4-:l"
.130 11. 9 5.4 11.5 11.9 -54.2 -36.8
.140 12.1 9.0 14.1 13.0 -59.7 -26.3
.150 8.7 12.3 18.8 16.2 -59.7 -29.8
.160 15.5 13.3 24.8 22. , -56.1 -22.8
.170 7.6 7.5 28.7 25.3 -27.1 -36.8
.180 10.7 4.0 31.5 26.4 -19.9 -57.9
.190 6.6 1.8 34.8 26.6 -23.5 -45.5
.200 5.2 .7 35.7 26.6 -9.0 -26. 3
.210 1.2 1.9 35.9 26.6 -1. 8 -24.5
.220 2.4 3.2 36.0 26.8 12.8 -15.8
.230 3.6 3.2 36.0 26.9 , .8 -8.8
.240 2.9 3.2 36. , 27.0 -30.7 -1.8
.250 2. , .8 36.1 27.0 12.8 -8.8
.260 2.1 1.3 36.2 27.0 20.1 -8.8
.270 2.6 2.2 06. 3 27.1 -'2.7 -19.3
.280 1.7 1.8 16.4 27. \ 7.3 -15.8
.290 3.9 .7 36.5 27.1 -27.1 -33.3
.300 2.7 2.3 36.8 27.2 -27.1 -36.8
.310 5.6 2.3 37.2 27.3 -9.0 -36.8
.320 2.4 4.1 37.4 27.5 -16.3 -24.5
.330 3.0 2.5 37.6 27.6 -23.5 -26.3
.340 1.9 3.1 37.7 27.8 -23.5 -29.8
.350 1.6 2.8 37.8 27.9 -16.3 -33.3
.360 1.3 2.4 37.9 28.0 -i.8 -19.3
.370 1.6 1.7 37.9 28.1 -21.7 -15.8
.380 1.7 1.5 37.9 28.2 -23. 5 -5.3
.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

MAXINUN VALUES AND TIME OF OCCURANCE
XlL T---SEC Y/RT---SEC Z----SEC R----SEC

HEAD (G' S) -11.5 • 187 8.1 .175 -13. 6 .143 16.3 .159
CHEST (G' S) -11.8 .160 -8.6 .093 -8.7 .143 13.9 .152
FEMUR LOAD (LBS) 93. .052 O. .409

CUMULATIVE PERIOD FOR 60-G LEVEL 0.000 SEC.

HIC = 31.8 DURING T ; .093 TO .196 SEC.
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TABLE A.21 (Cont'd)

TEST ID ------ UBCT-10
TEST DATE ---- 09-18-81
VEHICLE TYPE - FULL-SIZE

VEHICLE MASS ~500. LBS. OCCUPANT - PASSENGER
IMPACT SPEED 60.0 MPH 572-50% MALE DUMMY
IMPACT ANGLE 25.0 DEG. RESTRAINTS - NONE

TIHE RESULTANT <0' S) -------SI------- FEMUR LOADS (LBS)
(SEC) HEAD CHEST HEAD CHEST LEFT RIGHT

0.000 .3 .1 0.0 0.0 0.0 .8
.010 .8 .~ .0 .0 0.0 4.0
.020 .9 .8 .0 .0 o.0 "'2.0
.030 .5 .6 .0 .0 8.7 -2.0
.O~O I .5 .9 .0 .0 26.2 4.0
.050 .6 1.1 .1 .0 o•0 4.0
.060 2.2 2.0 .1 .0 2.9 -10.0
.070 3.8 3.2 .2 0 35~O 48.5·.
.080 4.~ ~.O .3 .4 52.4 7.2
.090 4. ~ 5.6 .7 .8 190.9 34.2
.100 8.7 6.2 1.3 1.8 147.1 269.8
.110 3.1 3.5 2.3 2.~ ~0.8 180.7
.120 4.9 1.8 2.6 2.5 87.4 125:-0
.130 8.1 4.7 4.4 2.9 122.~ 132.9
.140 25. I 7.1 25.6 6.2 125.3 109.0
.150 19.9 8.4 56.~ 7.6 147.1 217.3
.160 20.5 36.0 79.4 18.1 176.3 233.2
• t 70 16.0 22. ~ 105.7 50.3 96. 2 19.9
.180 9.1 5.9 112. ~ 58.6 75.8 29.4
.190 2.7 2.7 113.0 59.2 51.0 .8
.200 ~ . 6 1.9 113.7 59.5 23.3 -8.7
.2'0 2.3 2.6 113.8 59.6 -2.9 -15.~

.220 2.2 1.9 113.9 59.6 23.3 -3.3

.230 2.0 2.6 11 ~ •0 59.7 2.9 -15.4

.240 2.8 1.8 114. I 59.7 0.0 -2.0

.250 1.6 .8 " 4.2 59.8 -2.9 -3.3

.260 1.5 1.5 114.2 59.8 -2.9 7.2
.27,,) 1.2 1.3 114.3 59.8 4.4 -2.0
.280 1.5 2.3 114.3 59.8 20.~ 13.5
.290 2. I 2.2 114.3 59.8 2.9 19.9
.300 3.4 .~ 114.6 59.9 2.9 7.2
.310 4. ~ 1.6 114.7 59.9 0.0 4.0
.320 3. I 1.7 114.9 60.0 2.9 2.4
.330 2.7 1.2 115.0 60.0 5.8 2.4
.340 3.2 1.2 115.2 60.0 0.0 -4.7
.350 3.0 1.6 115.4 60.0 0.0 .8
.360 1.2 2.2 It5.5 60.1 -2.9 -4.7
.370 .6 2.8 115.5 60.2 -8.8 -2.0
.380 1.4 2.9 115.5 60.4 -2.9 -2.0
.390 2.0 1.9 115.5 60.5 -5.9 -2.0
.~OO 2.2 1.3 '15.6 60.5 -11.7 -2.0

~AXIl'lUI1 VALUES A~D TIME OF DCCURAHCE
XJL T---SEC URT---SEC Z----SEC R----SEC

HEAD (G'S) -26.0 .142 -20.7 · 143 -41.7 .133 43.7 .133
CHEST IG'Sl -38.3 .161 -15.9 · 132 -10.6 .162 39.7 .161
FEMUR LOAD (LBS) 431. .094 O. .409

CUMULATIVE PERIOD FOR 60-G LEVEL = 0.000 SEC.

HIe = 9~.6 DURING T = .132 TO .176 SEC.
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TEST RBCT-l

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-lb vehicle at 60 mph and a 25-deg angle.

However, impact speed was only 50.5 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 ft (0.9 m), 11 ft (3.3 m), 23 ft (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 lb (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 lb (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 continued 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 to Post 14. Due to the vehicle

being under speed 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.I04 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.I04 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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FIGURE A.102 RETROFIT BeT TEST INSTALLATION
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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-l in

which the impact speed was only 50.5 MPH (81.3 kmph) instead of the desired

60 MPH (96.6 kmph).

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

the same as that of Test RBCT-l. Barrier Damage sustained in that test

was repaired.

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

of 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 photographs 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 gls in the longitudinal direction and -3.7 gls 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.I05

thru A.108.

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

Post 8 was damaged and required replacement. The footings at Posts 1 and

2 were rotated slightly in the soil 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 disregarded.
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TABLE A.22

HIGH-SPEED FILM ANALYSIS, TEST RBCT-2

~U~~.RY lIF HIHUF KINF~A"r. ANII OYNA"'C OAIA RFlRflr" RCI IfH RRC'-2 I111J/81

VlllleLf C. r, • IIFAlJlflG Vflllr.tF VHUCIIY HIIICl[ ACCFLFRAIllINIG"SI APPRIlK. 8ARRIFR
'I"E A"E~ cnORnl~Alf~IIII A~GL F Ill/HC' Al I 1"[ I AVFRAGE AV[R .05 HC. FlIRCOILRI
'"PAC'IHel K Y C III GI LONG LAl LONr. LA' LONG LAI X Y

0.001l -1.55 -~.52 21>.80 8". I I -.91 -1.08 .n 0.00 0.00 ~?8'. I ~ I ~.
.010 -". /8 - •• I ~ 2".8? 8 5.1> 1 -I oil -1.61 -.25 0.00 0.00 651~. ."~I> •
• O~O -f.OI -1.16 21>.H 85.01 -1.35 -2.JO -.81 0.00 0.00 /960. 8JH •
• 010 -5.25 - J. 19 2b.9l R•• I 8 - 1."8 -l.?} -I. '2 -2.59 -Ioil ?l17. 122H •
• 0.0 -~.50 - J. 0 J 21>.82 8 J. 15 -2.10 - J. 50 -2.0J -J.II> -1.10 1002. 15?9 ••
.050 -1.15 -2.1>8 21>.bJ 8 1.95 -2.51> -~.OO -2.50 -J.'" -2.2. II~OO. 1'1 Jb5.
.01>0 - J.O I -2. H 21.. J J 80.'" -J.05 - •• J9 -J.OI> -~.IO -Z.I~ 12110. lZIH.
.011l -2.28 -}.02 25.9'Z /9. 11 -J.5J -'."1 -).0 - ~. ~2 -J.I~ 121]6. Z~19U.

.080 -1.55 - I. Il 25. ]"I 11.68 -] .'15 -'.8l -).68 -~.62 -).~5 1)099. 25UO.

.0'10 -.8~ -I.~J l~.14 II•• ,,, -~.28 - •• 80 -1.1'1 -~.1I -1." 1 1111.8. 25811.

.100 -. I) -1.16 2 J. '/0 ".1> 1 - ~ .50 -~.15 -1.11 -~.68 -1.1>9 Ill51. 25 J 8?

• 110 .51> - .'10 2 3.11 1].lo -~.58 -'.56 -],"1 -~.55 -l.I>J 1l08~. 2~1}q.

•• lll 1.25 -.bl 22.11> 1I.8? -~.51 -'.JO -J.J8 -~.H -J.05 12111. lZol9.
.110 1.9 ) -.~~ 21.1 J 10.I>J -~ .2b -].98 -J.O~ -~.Ob -1.18 12H2. 2015).

:t> .100 2.1>0 -.Z~ 10.0' b'I.O? -J.85 -).6J -2.bJ -J.H -2.0) 118ZZ. 115Zl.

I-' •• 50 ).ll> -.O~ 18.92 b8.05 -].21 -).21> -2.11 -1.~0 -Z.~2 112]9. 10/ OJ.
(Xl .11>0 ).'H .15 11.18 1>1.51 -2.5~ -2.91 -1.10 -1.01> -1.98 10620. 11850.
\D .110 ~.51> • J] I b.61 I>b.61 -I.f, 1 -2.58 -'.20 -2.14 -1.5 J '1990. 91 O~.

.180 5.10 .50 15.50 b5.'11 -.b'1 -2.29 -.81 -2.00 -1010 9H6. 6581.

.1'10 5.8J .bb I~.H 65.22 .J6 -2.0~ -.00 -1.18 -.11 81'1'1. ~ 1'18.

.200 E.ol> .8] 1] oJ I> 60.58 I.~I> -1.8J - .IJ -1.9b -. J8 8181. 11>05.

.210 1.08 .'1'1 12.JI> 1>1. '18 2.51 -1.1>8 .10 -1.19 - .11 18)8. IZ\I.

.220 1.10 1.15 11.01 I>J • ., l.bb -I. 5/ .Z5 -1.1>6 .08 1 ~ 8J. H8.

.ZJO 8. ]I •• )l /0.51 bl.Hb 0.10 -1.50 oJ2 -1.51 .21 1221. -19'1.

.2'0 8.92 1.~8 9.18 62. J I 5.1>8 - •• 06 .H -1.51 .26 101~. -'''5.

.250 9.5Z l.b'l 9.0' I> I. lb 6.51 -1.01> .2'1 -1.09 .21> 1025. -ll.O.

.260 10.12 1.80 8. J1 61.20 1018 -1.08 .l2 -1.50 .22 1015. ,..

.no 10.11 1.'1b 1.15 1>0.1>~ 8.10 -1.52 • 11 -1.52 .11 12 II>. H8.

.Z8U II.JO 2.11 1.16 bO.05 8.15 -1.58 .01> -1.51> .11 HJZ. 62b.

.7'10 11.88 2.7'1 b.bl 59 •• ~ 9.H -I.I>~ .OJ -1.1> I • 08 1701 • 'I J'I.

.JOO 1l.06 2.~5 1>.01 50.82 9.91 -1.10 .05 -1.61 • 09 80 II. 5'H •

• JlO IJ.OJ 2.61 5.5) 58. II> 10.~9 -1.16 .15 -1.12 .16 8 H6. 11'1.
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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 lb (2041 kg) vehicle at 60 mph (96.6 kmph) and a 25

deg angle.

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

and used for this test except that the anchorage of the two backup wire

ropes was strengthened to reduce barrier deflection. As shown in Figure

A.lll, the upstream ends attached to a flat plate bracket mounted near

grade on Post 2, whereas the downstream ends were connected to the block

out of Post 8. In addition, the wire ropes were attached with V-Bolts to

the blockout of each interim post.

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

4527 lb (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 lb (2128 kg).

Performance: Impact conditions were 55.9 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 vehicle

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 longitudinal direction. A summary of test

results is shown in Figure 38 and Table A.24 contains film analysis data.

Analog to digital conversion of transducer data is tabulated in Table A.25

and plotted in Figures A.112 thru A.1IS.

Barrier Damage: As shown in Figure A.116 the posts blackouts 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 soil slightly and required

realignment and retamping. In addition, Post 12 and its blockout were

damaged when the vehicle made secondary contact "ith 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 suspension 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. 117 VEHICLE DAMAGE, TEST RBCT-3
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TABLE A.24
HIGH-SPEED FILM ANALYSIS

TEST RBCT-3
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.100 .... 'J7 -).14 19.79 bJ.2J -8.22 -1.58 -'0.78 -7.45 -'0.61 l~"L-,. ll'ldJ.

.110 5.59 -1.02 18.95 bO.95 -6.62 -7.39 -'0.1.1 -7.33 - .... b6 2'o8t,'o. lO:>d'L

.120 t.18 -.2.'11 16.05 56.11. -9.31 -1.06 -4.37 -7.09 - .... 49 2~lH. l87JO.
· no o.n -2.81 17. 12 5b.l0 -9.75 -b.b{;, -4.01 -b. 14 -4.ll 2H09. 2646'0.
.140 7. ]] -2.7b 1 b. Ib 5'0.79 -10.07 -0.17 -1.12 -b.30 -3.92 22ll0. 21'B8.

:J> • bO 7.111 -2.1.2 15. 17 B.07 -10.26 -5.bl -3.B -5.79 -1.51. 20548. .:'l180.

N .1bO 8.40 -2.1.6 14 .17 51.55 -10.37 -5.00 -2. 'H -5.23 -3.16 16718. 1830'0.
0 .170 8.92 -2.bb 11.15 50.22 -10.33 - .... 37 -2. 't7 -4.b3 -2.14 1b 100. 15391.
h) .180 9.'01 -2.bl:. 12.1'0 49.10 -U.16 -J.7J -l.03 -';.01 -2.ll 1~55/'. 12541.

.190 9.~3 -2.bb II.li' ';6.16 -9.90 -1. 10 -l.bl -3.39 -1.69 12H9. 9d j].

• 200 10. ~ I -2.1:.1:. 10.ll 47.45 -9.52 -2.49 -1.20 -2.79 -1.'01 10138 • I JL J.

.210 10.89 -2.68 9.13 ';b.90 -'i.Ol -1.92 -.83 -2.22 -1.09 1980. 5079.

.220 11.31 -2.b9 8.18 4b.5l -8.';t. -1. J9 -.50 -1.b8 -.74 .,921. 31'01.

.230 11.6'0 -2.71 7.25 ';b.28 -7.83 -.93 -.23 -1.20 -. ~4 '0025. 151,1.

.l'oO 12. Jl -2.13 1..31. 'ob.lb -7.15 -.52 -.Ol -.77 -.20 2311. Ha.

.2.,0 12.71 -l.15 5.51 ~b.lb -6.,;~ -.17 • lJ -.'to -.02 011.. -'o'H •

.2bO 13.24 -2.77 '0.71 'tb.l3 -':i. 7 ... .11 .20 -.08 • 10 -'oJ6 • -'1b:> •

.210 13. 71 -2.79 l.~b "'b.38 -5.07 • 33 • 2l .17 • 15 -HU • -lOd8.

.280 l't.17 -2.81 3.l6 ,*b.57 -';.';,* .49 .17 • 31. • 1't -2166 • -dYo.

.2'JO 1';.b~ -2.63 2.bl 46.79 -3.06 .bO .07 .49 .07 -2b84. - Hi.

.lOO 15. 11 -2.8'; 2.05 41.03 -l.U .1>5 -.06 .57 -.0'0 -2'JH. 2,~.

.1l0 15.58 -2.60 i. 53 41.27 -3.0'0 .b5 -.26 .1:.1 -.19 -2988. 1099.

.320 lb. 06 -2.611 1.08 '01.50 -2.76 .1.2 -.,*b .1.0 -.11 -2843. .20.16.

.llO 16.51 -l.~O • b6 H.ll -2.63 .55 -.b7 • 56 -.5b -l5'tJ • 3004 •

.HO 11. 01 -2.92 • 33 '; 7.69 -2.59 .,*b -.87 ....9 -.75 -212" • .1928.
• .150 17.'09 -2.9'0 .0'0 "'8.0'* -2.01. .36 -1.05 .~O -.93 -lb26. "'H7.
• .160 17.91 -2.91 -.20 ~ 8.1'" -2.82 .24 -1.19 • 30 -1.08 -1067. 5.198 •
.1I0 lB. '05 -1.00 -.39 H.ll -3.06 .ll -1.29 .19 -1.19 -5'08. 5d lJ.
• .180 16.9'0 -3.04 -.55 ... 8.l5 -3.35 .02 -1. Jl • 09 -1.25 -'15. b008 •
.390 l'i.4.2 -3.08 -.1.7 ... 8.25 -3.b7 -.07 -1.30 -.01 -l.lb 390. 5698.

.~OO 19.90 -3.12 -.71 48.22 -3.99 -.15 -l.ll -.09 -1.20 132. 5'oU~.

.HO 20.38 -3.17 -.85 ';8.17 - .... 29 -.20 -1.0b -.15 -1.08 960. '0187.
• 420 lO.ob -3.22 -.92 40.11 -,*.54 -.ll -.85 - .18 -.90 10bb. H16 •
• 'oj 0 1l.H -3.l8 -.99 ';8.0'0 -';.71 -.22 -.56 -.20 -.67 10';8. 26 lb.
.'0'00 21.0.2 -3.H -1.01. '07.98 -,*.80 -.20 -.28 -.19 -.'*0 915. 1248.
.'0.,0 2i.30 -1 • .1" -1.l'o 41.93 -'*.71 - .15 • 0'0 -.11:. -.11 b 89. -209.
.'060 22.18 -1.45 -l.ll 47.69 -,* .bl - .10 • 37 -.12 • 19 398 • -lb61 •
.'070 2 J. 2b -3. 51 -1.35 '01.86 - .... 16 -.03 .6b -.Ob .46 82. -300L

• ~80 23.13 -3.5b -1. '0 8 47.69 -3.99 .02 • 91 -.01 .71 -llJ. -'0128 •
• '0 'to 2'0.21 - 3. b 1 -1.b4 47 .92 -3.51 .0 7 1.09 • Ol • 92 -'oJ7 • -~'1l3 •
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TABLE A.24
HIGH SPEED FILM ANALYSIS

TEST RBCT-3 (cont'd)

.500 2~.69 -J.66 -1.dJ H.95 -l.Ol .08 I.U .O~ 1.OJ -535. -~ lll.

.510 25.11 -l.10 -2.0l H.99 -2.H .06 1.12 .OJ 1.Ol -H9. -505\.

.510 25.65 -l. H -2.25 ~8.00 -1.95 • 00 • 9~ -.01 .91 -li.l. -HH •

.5)0 26.1l -l.18 -2.U ~8.00 -1.51 -.11 • 62 -.10 .66 366. -2828 •

.5~0 26.60 -J.81 -2.11 H.H -1.18 -.26 • 11 -.2J .28 llH • -80d.

.550 21.08 -l.85 -2.9l H.ll) -I.O~ -.~5 -. ~O -.l9 -.19 2131. IbH.

.560 21.56 -l.88 - l. I 1 H.b6 -1.10 -.61 -1.0) -.51 -.13 J270. Hll.

.510 28.0l -).92 -l.lO H.H -1.]9 -.88 -I.H -.15 -1.21 ~~09. "/lOO.
• 530 28.50 - l.91 - l. ~2 H.IO -1.90 -1.06 -2. H -.90 -1.11 5l51. 9JH •
.590 28.H -~.02 -l .. 9 ~b.l'i -2.58 -1.1 ~ -2.11 -.91 -1.91 5802. 10~05.

.bOO 2'l.H -~.Ol - J.51 ~6.l9 -l.ll -1.01> -2.1) -.89 -1.10 5l~9. ~ l~·J.

• 610 29.8'1 -~.l~ -l.\b ~6.09 -l.90 -.10 -1.11 -.56 -.8] H81. 5 102 •
.620 ]0.l5 -~.1I -l.ll ~5.91 -~.06 .01> .8~ .1) .99 -500. -l1bl.



TABLE A.25

TEST RBCT-3 TRANSDUCER DATA

T~Si in ------ 13C7-J
i~ST DAT~ ---- 1~-iO-g,

VE~IC~i TYPE - fU~~ .r:~

I"PACT ~ftG~~ - 2S.00 DE~REE=

i"~ACi SPEED - o;.~; ,PS

OCCUPAHT R!S~ SUH"A~Y

~OTil AUG. ACC£~. ,yO '~!~R .liO S~C. CA~Cu~"iE~

fKUft ~£~IC~E ~E~~CIiY C~~.~~

T:~£ OCCUP. ~CCEL.lG S) YCCUP. VE~.(FPS)

(S) ~aNG. ~AT. ~OH6. ~HT.

iiCCiJP. DIJP.(FI
~aHG. LAT.

0.000
.010
.020
.OSIi
."HO
.O~O

.0611

.0iO

.0110

.090

.100

.1111

.1:0
• 1.0
.140
.ISO
.160
.170
.ISO
.: 90

..• 200
.~10

.220

.~30

.:40

.~~O

.:.0

.~70

" .:3li
.290
.~OO

-.51
-1.S2
-I.H
-2.29
-;;.60
-4.55
-6./5
-0.00
·o.:i:
-4.H
-3.il6
-6.36

-10.:1
-0.1<1
-4.02
-2.95
-4.09
• •• 3(
-5.75-
-3.47
-1.14
-3.47
-,ii

-:.~O

-1.:3
-1.11
-1.13
-.:8

.24

0.00
-.02
-.OS

-1.43
-;;.OS
-;;.12

-1.i6
·:.9~

-2.ao
-3.62
-6.57
-2.56
-5.05-

! .OS
-2 •••
-3.;;5

-.69
-4.29
-I.H
-1.a5
-2.46
-3.32

i .~ ..
-.30

-1.3:
-1.69
- ••0

0.00
-.09

.08

.70
1.17
1.90
3.04
~.4S

6.59
L~O

10.:0
11.11
l:i.3Z
15.70
la.n
2v.3i
22.1"
23.08
24.4S
26.02
27.H
29.57
29.94
31.06
31.30
32.0;;
32.H
32.04
I~.~O

33.29
33.21

0.00
.0'
.03

1.49
~.4S

!.JS
4.;;0
s.~~

6.31
~. 90
6.79
9.~7

10.;1
12.99
13.78
IS.~i.

IS.H
.:. is
17.01
1~.~9

IS.6S
19.21
: 9.79
:0.57
: 1.02
21 • ..>
=l.~J

,2 •• '
2:.99
2:1.17

0.00
.06
.00
.JO
.0 I
.,)3
.05
.09
.I~

.::

.J2

.U

.:3

.7t

.sa
I .~7
I.':S
1.51
1.7~.
::.01
:.27
~.S:5

2.87
3.17
3.46
J.:~

4.10
4.~~

4.79
3.10
~.43

O.Ov
.00
.00
• Ill>
.0 I
.03
.06
.Iv
.15
.21
.:7.;;,
.~ ..
.=s
.0:
.so
.14~

: .09
I.~~

1.42
! .:9
: .1:'"
I. '~i

2.16
:.36
2.30, .. ~... ... ,
j.Gv-.,".. -

HI6H£Si 30.0~S AUG. ACCE~.

TIllE <SEC)
6~S STAAT END

LaNS.
~AT •

A.204
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TABLE A.25 (Cont'd)

~ST [D -----, ~BC7-j

EST DRTE ---- .':-,j-Sl
~HiCLE T"iFi ~ FU~~ 31ZE
HPRCi ANGLE - ~5.JO ~~GiEES

~r'~CT SPEED - ~1 .<>1 ,?5

~~HiCLE KIft~iiCS 5UM~ARY

~arE: ~~L~E3 ~RE ;~S7~NT~NEa05 ~i T:~E

IEH. ACCE~.(G'SJ

l.~NG. lAi. :..A'i.

~.jojv

.010

.0:0

.040

.050

.000
,uiO
.080
.090
.1 O~

.: 10.:: ~

.130

.140

.160
• J 70
:! ao
.: ~o
.100
.: 10
.22')
.:30
. .:~o
.~:o

.16<)

.1iO

.280

.290

.:vv

.06

.10
, I .10
-1.32
-, . ~a
.. j • : ,

'~.~6

-5.05
-6.67 .
-0.69
-5.~8

-~.~4

·j.~i

';.30
-S.~S

- 1 • ~o
-3, ~2

·:.a9
-1.30

-12.15
-4.94

2.58
-7.57
-3.89
-~.S4

.. ,.::
• t 3

-. 'J I
'.Q5

-I . i:
-2.50
-4.:4

-3. oj?

-3:'6 I
-3. II
-1.25
-~.~5

-S.~3

-~.~~

"~.:!~

3.56
-~. a2

1.58
-4.65
-1.a;-
-6.57

-.99
- 5.6\
-1.61

-~.2 j

-3.11
-I.P
-.53

a1.6.
:31.7S
31 .61
80.99
30.52
;'9.i~

is ..i5
77.: I
75.1 v
7j .19
71.19
69.79
63.17
is.99
62.76
·;0. ~ ~

59.55
5a.~1

~7 .~1

35.~;

53.a5
• .., I ~

"" ...... "
5 1.73
SO.~3

50.39
49.66
49.25
4a.aS
48.49
~8.~O

.8.45

v. ,jO

-.01
-.03
-.52

-1 • ~9
•~. oS
-j .3~

-4.3~

-5.55
-6.31
·0.7(,
-a ..-~

-10. ] 1
-12.~9

-1'3.73
-IS.3a
-15.04
-15.95
-17. v1
-17. ~?
-Ia.65
.. i 9.:'
-19.7 Q

-21 .~2

.. : ~ • 1-j

- 2l •~~
-~~.~~

-:~.~Q

'l.~v

• ,j,j

I •• 1

~. 'j5
~.a3

5.60
0.'11
7.14
7.S~

9.:54
~.~~

1l • Ii
I ! .~7
1~.j4

11. '16
13 .S~

14.05
1~.57

15.13
15.63

l'" ' ..
\ I .~J

: S.I v
; :j. ~ S
, 9.jo

'J • v'J
-. Q~j

....jlj

·.01
-.u3
'.06

-.44

-.6;'
-.79
-. ~ ...

.. I • ~~

-t loll
-, .:;;a
-1 ... 0

-1.90
-:.15

-3.JO

CCCUr. RISK ;~CTO~S

JLQN6. VEL, AFTER 2.0 FT. ursp.
>LAT. VEL. AFTER 1.0 FT. DIS?

.190
1163

';~;"QC H'I - (F?S)
TEST NaRM~LrZ~D

:5.93
15.:~

>LONG. ACCELERATIG~

-LAT. ACCELER~T;ON

-3.:'~

-5,'j5

-------------

Ueproduced from
best available copy.
------~-------
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TABLE A.25 (Cont'd)

r~ST ID --_.. - RBCf-J
fEST [lATE ---- 12-10-81

VEHICLE TYPE - FULL SllE

ViOHICLE M5~

IHF'ACT SFE;:O
IHiACT ANGLE

4692. US.
55.7 i1F'H
_~5.') ['EG.

OCCUPANf - DRIVER
372-501 H~L~ DUNHf
RES1R~INTS - SHOULDER + LAP BELTS

lIME -----HEAO IG 5)------ -----CHEST iG"SI----- FEMUR LOADS IL9S)
;5ECI X Y I X Y Z LEFT RIGHT

RESULTANT IG'SI -------51-------
HEAD CHEST HEAD CHEST

t,. ,jl)O

.1) I0

.O~O

.0"3 Ii

.-)40
•·j3v
.OoiJ
.070
.080
.090
• 100
.11') "
.120
• ! 30
.140

• I ~O
• loll
.170
.1 ao
.170
.~VO

• ~ /1)

.22v

.23')

.240

.250

.~60

.270

.~80

.290

.30 ,)

V.O
-.5

.3
I • :
".5

-:.7
- J • I
-.~

.9
1.1

- 4.3

- 8.1
-13.6
-13.0
-1 ~. 4
- t 6. I
-22.3
- 21 .6
-24.S
-25.9
-18.4
-, 4.8
-11 .;,

-7.0
-5.9
-~.O

-2.7
.3

... 2
12

-.9
l).lI

-1 .2
-1. 2
-1 • I
-1.4
-.3
I. ::;
-.9
-.9
-.2

- I .9
-3.8

-1 I .5
-15.5
-24.7
-~2.1

-18.0
-16.8
-13.4
-10.6
-6.3
- 8.4
- 9. I
-b.4
-9. I
-9.4
-5.6
-2.8

-.1
.1

-.1
.1
.\

- • 1
.1

-. I
-.1
-. I
-. I

.1
- . I

.1
- • 1
- • 1
-.1

-. I
.1

-. I
.1

- • I
-. I
- .1
- .1
-.1
-. I
• • 1
-. 1

.1
-. I

.0

.0

.2

.0
-.1
-.3
-.3
-.6
-.5

-1 .4
-3.6
-6.6
-6.6

-10.2
-11. I
-12.2
-I r. 5

-13.8
- 14.7
-13.3
-10.0

- 6.1
-I .4,...
-, .5
-3. I
-4.2
-5.3
-3.4
-.3

- • 1
.0
.4
.4
.2

-.5
-.5
-.6
-.3
-.9

- , .9
-2.8
-3.8

-6.4
-2.8
-5.6

1.9
2.0

-2.2
-3.9
-4.0
-3.3
-.9

.8

.4

.iI
-.9

- , .3
- .4
-. I

.2

.1

.3

.3

.1

.8

.7
I .4
1.6, .......
3.4. ,
WoO

5.3
5.7
I .4
- .1

- 1.6
-2.4... ~

2.6
4.8. ,w. ,

3.9
3.2
3.1i
1.4
-.6

-1.5
-I .9
-1.7

- 11 .6
25.9
25.1
-i II)

2.4
-13."~

-21.0
-34.7
-11 .6
68.2

IS5.8
63.5
16.3
7.1

1~7.0

2t .2
44.7
44.7

-41 .9
-7.0
19.1

-16.3
'1.4
11.~

-2' .0
-.2~.6

-11 .6
-16.3
-~.J

-14.1l
:.1

0.0
5.2

a"· ~oJ.,
0.0

-10.3
-10.3

5.2
-15.4

5.2
10.5

146.5
10~.6.. .,

.J.",",

-46.3
-III .7
-,'7.2
-41.2
-56.6
-41.2

-10.3
.. ~s .7

0.0
-25.7
-15.4
-30.9
-25.i
-J'J ...
-30.'1
-36.0
-30.7

.3

.2
1.0

.4
I.;
1.3
J .1
3.4

.4
1.:3
I .4
~.4

5.4
5.9
8.9

17.8
20.3
:a.6
27.3
28.7
~7.4

28.0
28.0
19.4
17.0

'4.8
10.7
10.a
10.1
6.2
2.3

.:

.1

.6

.5
•J..'

1.0
1.2
1.5
2.3
4.8
.'.9
7.6

12.8
, 4. I
I ~. 6
12.8
12. :;
14. I
14.9
14. I
12. I
9.0
4.j
3,3
3.4
3.4
4.4
5• ~

3.9
1.7

0.0
.0
.0
.0
.0
.1
.1
.2
.2
.3
.3
.6
.8

i •v
2,3

10.9
2i .1

58.3
92.3

130.8
169.5
204.2
239.4
2j8.1
~70.3

2;'7.9
284.4
289.2
292.4
274. ,
294.9

0.0
.0
.0
.0
.0
.0
.1
.1
.1

.1

.5
1.S
3.2
0.9

14.2
17.6
20.9
34.0
42.4
49.9
57.8
65.0
69.1
69.9
70. I
;'0.4
iO.5
iO.8
iI.1
71.6
i 1. i

"AAliiUN VilLUES AND THiE OF OCClJRI~~JCE

VLT---5F.C f/P.T ---'lEC
HEA (S"" 5) -26.3 .219 -24.7 • 1;-0
CI,E T (tj s; -16.5 • 174 -0.7 .160
FEri R LOi,[1 (US) 500. .VZ7 O. .3l1l1

!--'--St·: R----S r.
- • I • JOlj 30.,; .1 :J
i.J • /38 L'.l .\ 'l

CUMULATIVE PERIOD ~CR ~O"G LEVEL O.ry00 ~Er..

H!e, :~2.0 [i1JRIii6 T -: .142 lIj .251 SEC.

A.206





TABLE A.26

BARRIER DEFLECTION - TEST RBCT-3

LOCATION- DEFLECTION*
POST NO. (IN. )

1 0

2 1.00

3 8.63

4 22.13

5 23.63 (MAXIMUM)

6 19.13

7 3.75

8 AND ON 0

*Measured at Top of W-Beam Rail
Metric Conversion: Multiply Inches by 25.4 to

Obtain Millimeters

A.207





APPENDIX B

AN ALGORITHM FOR SIMULATING VEHICLE-END TREATMENT
COLLISION BEHAVIOR
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AN ALGORITHM FOR SIMULATING VEHICLE-END TREATMENT
COLLISION BEHAVIOR

by

John J. Labra, Ph.D.

Recently at Southwest Research Institute (SwRI) 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 vehicles. 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, nonimpu1sive

translation and/or yawing motion. Specifically, the END ON program can

monitor the following:

1. The angular orientation of the vehicle after the impact.

2. The trajectory of the vehicle center of gravity (c.g.).

3. The angular and translational velocity components.

4. 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.1, are used.

The inertial reference frame initially coincides with the vehicle

system.

To minimize the complexity of the problem and thereby the

associated 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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\~ith 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 lS09-lb 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 to exist. Based on the linear momentum

principle during this initial phase, one obtains

(1)

where

the initial translational velocity of the e.g. before
impact in the vfthicle fixed (and inertial) longitudinal
direction;

the e.g. velocity components immediately after impact
with respect to the vehicle fixed reference frame;

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

e.g., the angular or yaw velocity, w, assumed zero prior to impact, is

defined by the following:

I W
cg

where

r x P (2)

I = the vehicle's yaw moment of inertia about its e.g.,
cg

r = the moment arm vector from the vehicle's e.g. to the impact
point 0 on the end treatment,
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P = the impulsive force vector between vehicle and end treatment.

In terms of scalar components, rand P are defined as

"-

P (3)

where I, j are unit vectors in the longitudinal and lateral directions

and x
F

and E are the distances from vehicle e.g. to front bumper and

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

I w = -x P + EP
cg F S R

(4)

where w is positive in the clockwise direction.

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.,

(5)

Noting this, it is assumed that

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

in

(7)

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

I w
cg

= M(V - V ) (ax - E)
R a F

Accordingly, the instantaneous vehicle angular velocity induced by

the end treatment can be written as

w
M

I
cg

B.5
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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:

11 (dV + u diJ!) = IF
dt dt Su

(9)

(10)

the vehicle's velocity components in the Rand S direction,
respectively;

I d 2iJ!
cg dt 2

where

u, v

du dv
-
dt, dt

(ll)

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

the vehicle yaw angle, angular velocity, and angular
acceleration, respectively;

the resultant tire-forces on the vehicle imposed
through the tires in the vehicle Rand S directions, and

resulting yaw moment about the vehicle e.g. due to the tire
roadway reaction forces (Attachment A).

The initial value for ~ is zero. The initial values for u and v and

diJ!/dt are taken to be those defined for the vehicle immediately after

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

v =

d~
- = lJ)
dt

(12)

To solve for the vehicular accelerations (Equations 9-11) for

each time increment, 6t, values for the velocities and forces from the

previous time step are used, i.e.,
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[~~] M~[ ~ IF
Ru

+ v d~ ]
dt

t + t

[~~ ] M~ [~ d~ ]IF - u-
Su dt

t + t

[ d2~ ] f- [EN~ ] (13)dtL
t + lit

cg t

where

[u] [u + du dt ]t dt
t - tit

[v] t [v
+ du dt ]dt

t - 6t

[

ldlj!
dtJ

t

= [dlj!
dt dt ] t _ M

(14)

A similar procedure is used to determine the trajectory parameters

and is valid for small time increments (t 2 5 msec). Repeating this

process for each time step END ON 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 I 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
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were performed. Results suggest that inducing 10 percent of the

longitudinal impulse force in the lateral direction (a = 0.1) gives

good correlation between simulation results and full-scale test data

(BeT end-on impacts @ 60 mph w/Honda). Further, the relationship

between impulsive velocity change (6V) due to impact, trajectory

(~/x), and impact eccentricity (E) is mathematically (approximately)

defined by

366 (~/x)O.70

El . 20

where 6V is in ft/sec, E is in inches, and ~/x, the ratio of yaw angle

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

TIRE-ROADWAY REACTION FORCES

During the time interval after the vehicle has failed the end

treatment, the yaw orientation and e.g. trajectory are determined by the

vehicle dynamic system. These changes result from the vehicle's initial

angular velocity after impact, weight distribution on the four tires, mass

moment of inertia (yaw), overall geometry, and the tire-roadway patch

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

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

where

( X2 )=(XCg
)+IIAII(a )

Y2 Y -T/2cg

( X4) = (XCg ) + IIAII(-b )
y, y -T/2

Cf cg

Right Front (I'.F)

Left Front (LF)

Right Rear (RR)

Left Rear (LR) (1)

x y = vehicle e.g. location with respect to inertial system,
cg' cg

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

T = vehicle track.
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The 2 x 2 matrix IIAII is the transformation matrix from the vehicle fixed

to inertial reference frame, viz.,

IIAII [
cos~ -Sin~]
sin~ cos~

(2)

The forward (longitudinal) velocities for each wheel are

u
l

u - (T/2) d~ (RF). dt

u
2

u + (T/2) d~ (LF)
dt

u
3

u - (T/2) d~ (RR)
dt

u
4

= u + (T/2) d~
dt

(LR) (3)

The lateral velocities at each wheel contact point are taken as

dl!i
V + a=

dt

v = v = v - b d~
3 4 dt

(4)

In expressions (3) and (4) u, v are the vehicle e.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 (F
Ri

)

are a function of the weight distribution and are calculated in ENDON by:

b
2(a + b)

(5)wa
FR3 = FR4 = 2(a + b)

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

the total vehicle weight.
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Using equations (5) the corresponding frictional forces are defined as

f
i

= YF
Ri

(i = 1, 2, ... 4)

where Y is the kinetic friction coefficient.

(6 )

As illustrated in Figure A-l, the tire frictional forces oppose

vehicle motion. Since the wheels are in a fixed direction, each frictional

force direction is defined in direction of the slip angle where the slip

angle at each wheel is evaluated from

-1 vi
S. = tan --

l luil i 1, 2, ... 4 (7)

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

we obtain

f R . -FR·cosS .• Y
Ul l l

f S . = -FR·sinS.· y
Ul l l

i 1, 2, ... 4 ( 8)

The resultant tire forces in the vehicle longitudinal and lateral directions

are then
4

-L: f
R

.
i=l

Ul

4
-L: f

S
. (9 )

i=l
Ul

or expanded

The individual moments (positive clockwise direction) about the vehicle

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

N,r'l' = f S .r. - f R .s.
'+' Ul l Ul l

B.ll
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u

Vehicle/Tire Heading

Slip Angle

Vehicle Notion

~ Interaction Patch

f. (frictional force opposing motion)
1-

FIGURE A-l. TIRE-ROADWAY REACTION FORCE HODEL
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or expanded

N\jJl = a f
Sul

(T/2) fRul

. N\jJ2 a f 2 + (T/2) f
Su Ru2

N\jJ3 -b f
Su3

- (T/2) f Ru3

N\jJ4 = -b f + (T/2) f
Ru4Su4

The resultant moment is then
4

L:N\jJ L: N\jJ'
i=l ~

or

L:N~ ([SuI + fSuZ)a - (f
Su3 + f

Su4
)b

+ (-fRul + f Ru2 - f
Ru3

+ f
Ru4

)T/2

(12)

(13)

(14)

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 an ideal smooth surface with no external loads after the

failure of the end treatment.
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ATTACHMENT B

USER GUIDE FOR PROGRA11 ENDON

A simple algorithm has been developed at Southwest Research Institute

which models the impact response of a vehicle into a barrier end treatment

designed to breakaway. The program's two dimension model consists of a

rigid vehicle structure which includes:

• yaw moment of inertia (21),

• total weight (W),

• front axle location with respect to center-af-gravity (A),

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

• wheel track (T).

The collision event is initially modeled as a concentered point loading with

a user specified eccentricity (E) with respect to the vehicle longitudinal

centerline. This concentrated impulse force is assumed to act in the

vehicle longitudinal direction.

A vehicle impact velocity (V¢) is specified as well as assumed longi

tudinal velocity 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 the 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 allohT the user to approximate a "free-rolling"

post-impact event.

For each simulation the program runs until the maximum time (T}~)

is exceeded or if the vehicle has rotated 90 degrees from its initial posi

tion. A time increment (DELT) of 0.005 sec or less is recommended. Output

includes post-impact vehicle e.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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Card No.

I

TABLE B-1

ENDON PROGRAH
INPUT PARAllETERS

Notation

vehicle weight (lb)

A distance from e.g. to front axle (in.)

B distance from e.g. to rear axle (in.)

T track (in.)

XF e.g. to vehicle front bumper (in.)

ZI yaw moment of inertia (lb-in.-sec
2

)

~ru tire/terrain patch coefficient of
kinetic friction

Input Variahle
Des criptor

6FIO.0

2 E lateral distance from vehicle longi
tudinal centerline to contact pt.
with end treatment (in.)

SFIO.O

V~ vehicle initial velocity (ft/sec)

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

ALPHA = fraction of longitudinal impulse
in the lateral direction
(constant less than 1.0)

DELT simulation time increment (sec)

total simulation time (sec)
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TABLE B-2

F N II 0 N

THIS PNOGNAH INVESTIGATfS THE VEHICLt IHHACT RESPONSE
DUE TO A COLLISION ~lTH A BREAKAWAY END TNEATHENT

VFHICLE PROPENTIES ENII TNEATNENT HHOPFNTIES

WEIGHTILR.)
CG TO FRONT A)LFIIN.1

CG TO NfAN AXLEllN.)
YAW N. Of INERTIAILH-IN-SEC21
TIRE/NOAII FAICT.COfFF.
FRONT/AEAR THACK lIN.l
CG TO FRONT AUHPfRIIN.)
VEHICLE INITIAL VEL.IFPS)

\509.
37.2S

~4.B9

4144.00
.3000
SO.~O

63.23
A8.00

IMPACT ECCENTRICITYI IN.)
HOST ANEAK. VELOCITY
Y IMPULSE FACTON

20.
~H.O

• 10

SOUTHWEST RESEAHCH I N~ T!TUTE
PO AOX 21lSI0

SAN ANTONIO.TX. TA2H4

OR.JOHN J.LABHA,15121 bH4-S111

TIME CG ACCEL. ANG.VFL SPEED LG POSITIONIFT,I ORIENT VELOCITYIFPSI
SEC. G-UNITs OfG/<,fC FT/SEC XH yp nEG LAT LONG

LAT LONG

.005 -A.4 -.7 265.7 SH.O • j -.0 1.3 • •• 3 57.'1

.010 -A.3 -.'1 21-.5.3 5H.0 .b -.0 2.7 -5.7 <; 7. 7

.015 -A.3 -I.J 264.'1 5R.0 .9 -.0 4.0 -7. 0 57.6

.020 _A.? -1.3 21-.4.4 5H.0 1.2 - .\ ~.3 -8.3 ., 7.4

.0?5 -H.2 -1.5 21-.4.0 57.9 I .4 -.\ h.6 -9.7 57.\

.030 -A .1 -1.7 2b3.6 57.9 I .7 -. I 7.9 -11.0 ~h.8

.03~ - A• I -1.9 263.2 57.9 2.0 -. I 9.3 -12.3 56.5

.040 -H.O -?o ?6?A 57.H 2.3 -01 10.6 -13.6 5h.2

.045 -8.0 -?2 {'62.4 57.8 2.b -.\ 11.9 -14.8 55.9

.050 -7.9 -2.4 262. I 57.A 2.9 -.2 13.2 -16.1 <;5.5

.OS5 -7.8 -2.6 Ul,7 Q.7 3.2 -.? 14.5 - I7. 4 55. I

.OfJO -7.7 -?7 2b 1.3 57.7 3.5 -.2 15.8 -lH.1-. ~4. b

.01-.5 -7.7 -2.9 260.9 57.7 3.A -.2 17. I -1'1.11 54.2

.070 -7.6 - 3. I 260. b 57." 4.0 -.2 1~." -21.1 51.7

.075 -7.5 -3.2 2bO.2 57.b ,.. J -.2 1'1.7 -22.3 53.1

.OAO -7.4 -3.4 259,'1 57.6 4.b -.2 ?l.0 -23.5 52.6

.0~5 -7.3 -3.6 259.5 57.5 4.4 -.J 22.3 -24.6 52.0

.0 9 0 -7.2 -3.7 259.? 57,5 5.2 -.3 23.6 -25.A 51.4

.095 -7,\ -3.9 25A.1\ 57.5 5.5 -.3 24.9 -2b.9 50.8
• 100 -7.0 - 4.0 258.5 57.5 5.11 -.3 26.2 -28. I 5D,j
• 105 -1.,.'1 -" • 2 2511.2 57,4 6.1 -.3 27.5 -29.2 49.5
• II 0 -1.,.8 -4.3 257.9 57.4 6.3 -.3 211.8 -30.3 48.8
.1I5 -1.,.7 -4.5 257.0 57, " 1.,.6 - • 3 30.1 -31.3 4A.0
,j ?O -1.,.1., -4.6 257.3 57,3 6.9 _.4 3 1.3 -32.4 41.3
.125 . -1-..4 -4 .. H 257.0 57.3 7.2 -.' 3?b -33.4 46.5
• 130 -1-..3 -4.9 256.7 57.3 7.5 -.4 33.9 -3 ... '+ 45.1
.1]5 -1.,.2 -5.0 250.4 57.2 7.~ _.4 35.2 -35 •• 44.4
.1'0 -6.1 -5.2 251.,. I 57.2 ,;.1 -.4 36.5 -Jb.4 44. I
.145 -5.9 -5.3 255.9 57.2 8.3 _.4 37.8 -37.' 4)-3
• 150 -5.8 -5.4 255.1., 57.1 H.b -.5 39.0 -38.3 42.4
• ISS -5.7 -5.5 255.3 57. I ri.9 -.5 40.3 -39.2 • 1.5
.160 -5.6 -5.7 255.1 57.1 9.2 -.5 4 1.6 -40.1 40.6
011>5 -5. 4 -5.8 254.P 57. 0 9.5 -.5 42.9 -41.0 39.7
• l7 0 -5.3 -5.9 254.1-. 57. 0 9.~ -.5 44. I - 4 I • A 311.7
01 75 -'\. 1 -1>.0 254.3 57. a 1001 -.5 45.4 -42.7 37. 7
• 1110 -5.0 -1-..1 254.1 51.,.9 10.3 -.5 41-..7 -43.~ 31.,.8
.111;' -4.9 -b.2 253.9 5h.9 10.1., -." 4 7 • y -44.? 35.8
.\ '10 -4.7 -6.3 253.1 5".9 10.9 -.0 49.2 -45.0 1'.~
• 195 -4.6 -6.4 251.S Sb.1I 11.2 -." 5n.~ -45.7 33.7
.200 -4 .. " -b.5 253.2 51.,.11 11.5 -.0 51.8 -46.4 3?1
.205 - 4 • 3 -1.,.1., 253.0 ~~" II II • ~ -.6 53.0 ' -47.1 3 1.6
.210 -4. I -1-..1-. ?52.11 5b.7 1".0 -.b 54.3 -47.~ 30. "
.215 -3.9 -1-..7 ?52." 56.7 1(.3 -.7 55.5 -4hl"- 29.~

.270 -].8 -b.,; ?52." 5".7 12. I-. -.7 0;".11 -49.0 ?H."

.225 -1.1-. -1.,.9 ?52.3 5f.o 1<.9 -.7 SII.l -49.6 27.3

.230 -3.5 -6.9 252.1 St" b 13.2 -.7 SQ.3 -50.2 ?".2

.235 -3.3 -7.0 25 1.9 Sf,. I., 13.5 -.7 ~. O. h -50.7 ?S.I

.2"0 -3.2 -7.1 ? 51 .7 56.5 B.17 13.7 -.7 h 1.8 -5 I. 2 ?3 .9
.245 -3.0 -7, I 251.5 '-,p."s 1.... 0 - • 7 h 3. I -51. 1 72. II
.?~O -2.H -7, 2 251.4 56.5 14.3 _.11 04 .. i.I -5<'.2 ? I • b



TABLF B-2 (Con t' d)

; I MF CG ACCFL. • "(" Vf L SPFHI CG POSITIOl'<IFLI ORIFN; VELOC I fY I FPSI

SEC. (i-UNITS OEG/SEC FT/SFC ~P rp OEG LAT LON"

LAT LONG

.25<, -?7 -7.2 ?~ 1.2 ~h.4 14. b -.8 6<;.6 -52.b 20.5

.260 -?5 -7.~ ('S I • 0 56.4 \4.4 -.8 66.9 -53.0 1".1

.265 -?4 -7, , 250. H ~"'.4 15.1 -.8 68.1 -53.4 18.1

.270 -2.2 -7,4 250,7 56.3 15.4 -.8 69.4 -53.7 16.9

.275 -?n -7, 4 250.5 ~6.3 I ~. 7 -.8 70.6 - 54.1 15.7

.2AO -1. " -7.4 250.4 56.3 16.0 -.9 71.9 - 5 4,4 1 4 • <;

.205 -1 .7 -7,5 250.2 56.2 16.3 -.9 13.1 -54.6 I] ,)

.290 -1.5 -7.5 250.1 56.2 16.5 -.9 74.4 -54.9 12. I

.2"5 -1.4 -7.5 24",9 51->.2 16.8 -.9 75.1-> -55.\ 10.9

.300 -I .2 -7.5 24".7 56.1 17. I -.9 76.9 -55.3 ".7

.305 -1 .0 -7.5 249.6 56.1 17.4 -.9 78.1 -55.4 A.5

.310 -.9 -7.6 24 0 .5 5b,1 17.7 -.9 79.4 -0;5.6 7,3

.315 - .7 -7.1-> 249.3 5~.o ]7 .9 -I .0 80.~ -55.1 6.1

.320 -.5 -7.6 249.2 56.0 1«.2 -1.0 HI.9 -55.8 4,8

.325 -.4 -7.6 249. I 5b.O 18.5 -1 .0 83.1 -55.6 3.1->

.330 -.2 -7.b 24".1 55." 1H. H -I .0 A4 0 4 -55.0 2.4

.n<; -.0 -7. b 24".0 55." 19.1 -) .0 H<;.6 -55.9 1 .2

.340 .1 -7, b 249.0 55.9 19.3 -1.0 86.9 -55.° -.0

.34 <; .] -7." 249.0 5<,.R 19.6 -) .1 A6.1 -55.8 -\ ,3

.350 .5 -7.b 249.0 55.R 1".9 -1.1 H9.3 -55.7 -2.5
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TABLE B-3

~;) . 111 ::. l·L:.lS .E: .
=';:;:::J:~::;::':f'1 :::.'1 DJ~'~

~~JSP~~ ENDJ~(I~~0T,JjTQjT'

TJ I~JE?TIS~TE PO?T l~cAST TP~JECTJRY JC ERRANT VE~I:~E ~=T~~

:TQI<I~5 ~EDIR~ B~PRIER TERMI~RL

DI ~'E ~.~ S: I T'1 :=: r=' (4" , (T::' ( :.l:. , J T(4 ' , .... T (4 '
~ERD IN VE~ICL::: PRocERTI::::
TJ Ti '_ ',I EI::i ~ T(d) - '- B S: •
_ J 'l:i . [I I :: T. ::-;:;:: T'1:: .::i • T'J =;:;:':J >i T :=1. =::... E
_Tl::i • :' I :: T. =F<' T1::. ::i. TJ :;:: E R::;:: R=::..... E ( UL
::-RO~T R~D ~ERR TRRC~(IN.1

(~,J "1T'1~tH J= I t'~EST IRe E:- I :'~- S:EC2',
QERD IN INITIR~ :J~DITIJ~?

ECCENTRICITY J= cJ?T ~O?ITIJNJRT C:=1R :E~TERLIN~(IN.)

I~ITIRL JELJCITY(/Ql-=CS
c':J S: T E: ::;:: ER'< .=t;"1 ri' ( ',I ELJ ': I Tr' (,I E:', - ~ C' ::

:;::E:=1:_ J~·1E:::i. ;'Ll ~ '1]:'1
:;::ER D 1:) ~ '.1.1. R, E: ~ T~<= ~ : I , -'L!
INITIAL IMPACT CHASE
,.1"1'=',.1'" ~:2. 1 ?
RE~D 10~:::,)O,JB~R:.....°HA~DELT.TM~~

J"E!~=:o.I··1. C/E:- ... 0'1" (-E+:=1:..... c·HR.:<F·, ·':1
INITIA:"'I:E CONDITION?
='::1=0.
:·::-=0.
\'= i).

:<~'= I).

'(!:'= i).

'J =',IE:
",11 =-=tj_i='HA. (/E:- ",II,)",

T.'1 -= I).

«-= ':1
:=' .:: I DJ T=J >1 E;~

J!)J T=CI.

Reproduced from
best available copy.

------ -- ------ --
/ = I· ....... ~i -: _ ;-

'·... DOT =':1.
~RINT 50,~~E.~~VB,R:"'°HA,B~:I~MU,T,~F~VO

::';:;:: un 2S
:: R~:_ R~'1 RT (=: ~ \', =, S: I ~ -< F'. \' c' ')
>iLL... T:;:' !=r'1 0:: T, R, E:, F'S: I. :=:;:' ~(~. ,<; r='. \' T::' :.
.:: AL:... TI ::;:' E (R, B~ T. ::::':: I D'J T, ~rJ , '...1, 'J , 'J , =:=: , F\' • r'E] :1, UT...... T"
CA:...:... AC:EL(~M~j.V.PSIDJT,ZI.~X,=Y.MJM~UDJT,VDJT,oSDD)

:J ::j+iJ DJT '¢o D~~ T
'.... =".,'+"/!)JT .. D:::~ T
P?IDJT-=°SIDGT+PSDD+D~~T

<-=-:;+J+DE:...T

1

- - - ---_._-'
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TABLE B-3 (Cont'd)

T'1=P1+DEL T
: <='J+DEL T

'f 'f ':: "/ + II::: LT
C~LL AMAT(U,V~PSI,UP,VP)

CALL AMAT(XX,yy,PSI.XXQ,yyP)

'/0= '( 0 +"r' 'f 0

CALL TRA~(T,A,B,PSI,X?~YP~XTP,YTP)

I := (~::J::: • r'i E. I)) ,::; :I T:I 5
~'~:INT 100

:; ,:::JrH UiUE
~:::~:::=Vk:+ 1
I~ (l<~<. El). 50) !<I<=O

1000

1001
1 I)

100

200

50

-.=
.;,:. _I

IF(TM.3T.T~AX) GO T:I 1000
::H_~T='/D:lT<:2.1?
AL:lNG=UD:lT/32.1?
CE'1 ,::; "/ ==~'n DCl T• E: 0• ... ~:. 14 1592';5 4
?CEED=?9RT(~++2.+V++2.)

AN5=PSI+180./3.141592654
IF(ABS(ANG).GT.90.) GO TO 1000
PRINT 200,TM.ALAT,ALONG,ANGV~SPEED,XP~YP,ANG,V,j

::;0 T:I 1
r'::;;: I tH 1001
:: TOe:,
FORMAT(lHl,/5X~+END OF RUN.//)
Fo~:r1AT (:::Fl 0.0"
F0 ~' MAT (1 H1/ T.::, , • T I r1 E., T2 0, +':: :::; ~ ':: I:: EL. ., T4 (I , +A\·i'3. '!' =: L ., T'=, I) , +':: :=' EE:1 • ,

lT90 ••CG °OSITION(~T.) •• Tl0(l ••ORIENT.,Tll?,+VELOCITY(~PS)+/
2T6,+?EC.+,T21,+G-UNIT?+.T40,.DEG/SEC+.T60 ••~T/?EC•• T83,.XP••
3T93.+YP+.Tl02,+DEG+.Tl18,.LAT.,T125,·LONS+'
4T15~.LAT+.T23.+LDNG+·//)

cD f::: r1A Tn 4, ;=,;. ~:, T13 , F? . 1 , T:::~:. =7 . 1. T~: ;. , =:::. 1, T5 -:' • F:::. 1• T? ::: , r a. 1
1 , T3 I) • := .:::. 1 ~ T1 ,) 1 , := 5. 1 • T112 , c::. 1• T122 • r::. 1·
F:lR~AT(lHl/T53,+P R 0 G R A ~ END] N+///

lT33.+THI? PROGRAM INVESTIGATES TH~ VEHICLE IMPACT RES~ON?~."

2T41,+DJE TO A CJLLI?IJN ~ITH A BREAKA~AY END TREATMENT.///
~: T4 0• •.,J EHIe: LE :::';:;;: J F' ERTIE :: +. T;'!). +;:-:'1 D T::;;: EAT:1 E1'1 T ~';;;: 0c' E;;;: TIE:: +......
4T30.+~EIGHT(LB.)+~T51),c3.0,T3!) •• IMPACT ECC~NTRICITY(IN.) •• Tll0.
5:=5.0."T30 ••C3 TO cRONT AXLE(IN.l.~T50.=3.2,T30.+PJ?T BREAK. VEL.
-:,.CE: I r(+. T110.1:"5. 1···· T:: 0 ~ .'( I :'11="Jl.. ::::: ;=A'::TJ;;::+. T11 0 ~ =4.2,/
?T30 ••c~ TJ ?E~R ~~l..E(I~.).~T50,F3.2/

:: T~: 0 ~ • 'I' .:rd 11. J:= I ~'E t::: TI :=t (~E: - I ;'i - :: EC2) + ~ T-:' I) • 1:"::. 2 ..'
9T30,+TI9E/RO:=tD cPICT.CDEFF .• ,T50.FB.4/
3T30 ••=RONT/REAR TRACK(IN.)+.T50.F8.2/
5T30~.C~ TJ =90NT BjMPER(IN.~.~T50.c8.2/

? T~: I) ~ +"/ EI..j E:U:: I ~H TI :=t L '",1 EL. (=-.:':::. • ~ T~, i), =.:::. 2 ,.' ,I

FO~MAT(///T53••SJUTH~~:T RESEARCH IN?TITJTE."
1T,::,l, .PD E:J< 2::510. "T55 • • ::A'·~ ArHOnIO. T<. (:::-=::::4.,· ...
2T52,+[l9. YT...jr-.l -'.:_~~:-:;'Q, (::12) -:,::4-5111.
E~'1D
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TABLE B-3 (Cant' d)

, ] iJ TI "E TI >;;: ~ (~, E:, T, e, ~: I ~ : T , ,', ,', , " , ,~ ,F/ , '1 J r'1 • :J T, .... T:.
'; : :,_ "l'J) r'1J 11
~I I "1::: c'~ ~: I J ..~ J T (.4-:. , '-/ T (4-:.
=1='1'J. E:.i,,1."-',i::€ •• (~i+ E: ,,;,)
=2='-1
=~:':=l.Ft"'E:

:=-:;. =0::" ~:

T I :;;:~ "/E~J:: I T E:~:

jl=J-T.oSIDJT~24-.

J~: =iJ 1
j2=j+T.PSIDJT~24.

'J~= J2
Vl=V+~.oSIDJT~12.

',/2-='.... 1
~3=V-?SIDJT.E:~12.

J T (1' =iJ 1
:JT (2, ='J2
JT (~::. ='J~:

JT(4,=j4
'.... T ( 1 :' ': '-/ 1
\/T (~') ,,:1/2
:/T .:: ~:) :::;',1

13
'",' T (4-" ='.... '4-
::... I c· :=Fl:;:"" =.:
E: 1=~T~ ,,~ (",' 1 ,'-=t B: .: j 1"
B2=AT-=t~(~2/-=tBS(j2):.

E: ~; =-=t T-=t'~ ("/ -::., -=t E: : (lj :;:' :.

B4-=~T-=tN(-/4~-=tBS(j;:.)

T?-=tNS~-=tTIJ~-=t:.... TI?~ FJ?S~S

;:-.:: 1=-:= 1•.:: J :: (E: 1:.
F :-0: 2 =- =2 ••:::1:: (B 2 :'
c"'<;: =- =- ::. ': J : (E: ::'
=:::'; =- 0::" 4" ':: J :: n:: 4'
,r=:,<==::-:: 1+=<2+0::"< -:: +=<4-
F '/ 1 =- 0::" 1 • :: I ,,~ ( E: 1:'
='/2='-= 2.:: I'~ (::2'
=\' ~: =- =~:. :: I "i ('::~:.'

='/4- ': - =4 .. :: I :'~ (E::.l "
=Y==(1+=(2+=Y3+=Y4
TI ~: ~ ·'1 T1::::H ::
T~1=-=t·=Yl-T.=X1/2.

T~2=A.cY2+T.=X2~2.

T~3=-B.FY3-T.=<3F2.

P14=-E:.='(4+T.=-::4 "2.
'10:1= r'll + P12+ T"B+ T:'H
~J~='~T IN (:....B-IN1

r==:::- _.. -~,-~-' - ,- -_~

I Reproduced from
~!.:~_~vai~_~r_~ __C~'py.
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TABLE B-3 (Cont'd)

~i: ;:UTIr-iE A'::'::EL (1~lr1~ '.1. ,0', ,: :l':,::T,,~ i.,:: t"' ;1J:1~ JDJT~ /'::;]T, :'::1:1'
~~~_ ~JM Q

T .=t':>::E:..... I:~ !="T .'-SE'::2
jDJT=(~X+~M.V.oSIDDT)/~M

VDJT=(~Y-~M.0.oSIDJT)/~M

F":: DD=;1J~'1"": I
;:ETj~'r'i

E'~D

?j9~JjTI~E ~M~T(~~;~PSI~RP~SP)

:: :: =':: C1:: (::':: I)
:: '-i =:: I ~'1 (::':: I )
:;e=t;;:.-:: s:- ::. ::r~

:: ::' :: ~: .:: :-1 +::.cs
;: ET!J:::-r'i
Er'H)
::J.E:::;;:J'JT I r'E TR:=t'~ n ~ '=t ~ E: ~ ::<~' ~ ... ?;:.:: I ~ ,<TP ~ '... p:')

Ii 1'1:::"1: I J:'1 'n c' (4" ~ 't'To (4'
':::: =':: CI :: <c':: I )
:: ,~ =:: I "1 (~.:: I)
:<=,.= "<=-.12.
'f

I

C' ='/:='+12.
:-:: T:=' (1) =':-:: =,+=t • ':: :: - T• S: r~ .... 2 .
KTD(2)=~C+A.CS+T+SN/2.

'-:: Te, (:::', =:<c-_ E:+':: ::- T.'::r~ .... 2.
"~:: Te' <4:' =<::' - B. c: ::+ T.:::~ ,".::.
YTD(1)=yo+=t+SN+T.:S/2.
YTO(2)=yo+=t+ N-T.-::S/2.
(TO(3 1 =YP-B+ N+T.:S/'::.
,n e' (4) ='f' ::' - B• ·'1- T•.:::: ,,' .::: •
:=< ~I= >::;:..... 12.
( ? =.... ::. ,/ 1 .::: •
;'ETU;:f-1
__ I.'

*U.5. GOVERNMENT PRINTING OFFICE: 1982-0-)61-428/2122
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JFlEDlElRLt;,lLlLY (:OORDITNfi"l.'"IT'lED PJROG1RL-\M WiLJP~ O]F IfllTIiGlHIWAY
~E§lEAlR(:IHI AND DIE'VlElLOPMlEffJr

The Offices of Research and Development (R&D) of

the Federal Highway Administration (FHWA) are

responsible for a broad program of staff and contract
research and development and a Federal-aid

program, conducted by or through the State highway

transportation agencies, that includes the Highway
Planning and Research (lHIP&R) program and the

National Cooperative lHIighway Research Program
(NClHIRP) 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 solutions to urgent national highway
engineering problems. Q

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 1, 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 O.

lFCIP CEJl1egmry J[)el'J~l1'5JPI15i[pI11JD

11.. llm~Il'<o>vlll& IHlliglhl'Wmy IIDIll§JigJlll ml!ll& (())plllll'mQJi<O>l!lI
[<O>Il' §mulllQy

Safety R&D addresses problems associated with

the responsibilities of the FIHWA under the
lHIighway Safety Act and includes investigation of
appropriate design standards, roadside hardware,

signing, and physical and scientific data for the
formulation of improved safety regulations.

2. lllllll&lllld.n<O>l!lI <0>[ 'TI'Il'mu[.nc C<O>l!lIg'Ill§QJi<O>l!lI, M&
llm~Il'<o>vlll& (())pIllIl'mQJi<O>l!lImll IEWtcJillll!llcy

Traffic lR&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 techniques such as bus and carpool
preferential treatment, motorist information, and
rerouting of traffic.

:l\. IEm·-nIl'<O>l!lImllll!llQmTI C<O>l!lI§Ji&IllIl'mQJi<O>l!lI§ fum IHlliglhl'Wmy
IIDIll§JigJlll, IL<o>cmnJi<O>l!lI, C<O>l!lI§QIl'IlllCQJi<O>l!lI, M& (())pIllIl'm
QJi<O>l!lI

Environmental R&D is directed toward identify

ing and evaluating highway elements that affect

o The complete seven·volume official statement of the FCP is available £rom
the National Technical Informalion Service, Springfield, Va. 22161. Single
copies of the introductory volume are available without charge hom Program
Analyais (HRD-3~ Offices of Research and Development, Federal Highway
Administration, Washington, D.C. 20590.

the quality of the human environment. The goals

are reduction of adverse highway and traffic

impacts, and protection and enhancement of the

environment.

4\. llm~Il'<o>vlll& lWmQuJimTI§ 1lJQJiTIJiuQJi<O>l!lI mIrll&
lIDIlllIl'mllDitTIJiQy

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.

S;. llm~Il'<o>vlll& IIDIll§JigJlll n<o> lllllll&IlllCIll C<O>GQ§, IE~Q~m&

ILJiulll IE~~lllcQmIrllcy, M& llIrll§IlllIl'Ill §QIl'llllcQIlllIl'mTI
§mulllQy

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.

~. llm~Il'<o>vlll& 'TI'lllclhll!ll<o>TI<o>gy [<O>Il' IHlJiglhl'Wmy
C<O>Irll§nIl'lllldJi<O>l!lI

This category is concerned with the research,
development, and implementation of highway

construction technology to increase productivity,
reduce energy consumption, conserve dwindling

resources, and reduce costs while improving the
quality and methods of construction.

1. llm~Il'<o>vlll& 'TI'lllclhll!ll<o>TI<o>gy u<O>Il' IHlJiglhl'Wmy
IVTImJiIrllQllll!llMCIll

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 the traveling
public while conserving resources.

®. ([)illlnIllIl' NIll'W §QIlll&JiIll§

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