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ABSTRACT

. The Modular Crash Cushlon of empty mod1f1ed 55-gallon 011 drums whlch

is now in f1eld ose has proven to be hlghly successful, espec1ally in head-
_on.coillslons, however, it does have a potentlal daoger zonevnear the back
When 1mpact1ng in this danget zone, a vehlcle can pocket and contaet the
figid obstacle'beforerloeing a eigpficiaat7amount of éﬁergyf" itris evident
'that,,io this danger zone, reditectidn woﬁl& normaliy“pe mofe oesirable
tﬁao eomplete arrestment. ” | o

| A set of steel droms wtapped with a flexbeaﬁ of W—section guardrall
haa been added to the rear portlon of the Modular Crash Cushlon to prevent
'pocketlng of 1mpact1ng ;ehlcles.‘ Longltudinal cables on each side of'the
ffront portion of the crash cushion serve to'redlrect Vehlcles hittlog the
sides. Drawings of the revised structure incorporating these features show

details for construction.
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SUMMARY

The|M03ﬁlar Crash Cushion; ﬁhrbugh testing and field experienqe,

has provén to be an effective impact atténUator>betweén‘autoﬁogilés aﬁdrn
rigid obstacles. While the Modulaf Crash éushibn»désign which is now in
field use has proven to be highly succéssful, especially\iﬁ head—éﬁ coliisions;,
if does have a potential dangerkzone near the back of the cushion, Whéﬁ.ru
impécting in this danger zone, a veﬁicle caﬁ poéket and contacf-thejfigi& '
obstacle before losing. a significan# amount ofrenergy. It is evidénf that;.
in:this danger éoﬁe, redirection would_nérmally'be more'désirabié ﬁha;
comélgte éfrestment.- A possible modifiéation; intended-to prodﬁée the
needed redirecfional caﬁability in thisndanger zéne, Wés évaluated by fﬁrée |

i
[}

vehicle crasﬁ tests.
| The test resultsriﬁdicated that the incluéioﬂ of a W-sectioﬁ-guardraii
around a set ofvdruﬁs added ;o.the rear'portion of the crash éushion éan'=
provide redirectional capability for angdlar crashes néar the rigid obstacle
if adequately supported by'fixé& posts and rigid cable conﬁections. However,
for angular hits directly in front of the guardrail portion, the vehiclé will
"pocket"-and then encounter the guardrail at a sévere angle. This tends to
cause the vehicle to both spin and reboﬁnd. Nevertheiess, the decelerations
produced in such a test are not considered excessive for properly restrained
passengers.

It was evident from the tesﬁs that the longitudinal cables attached to
the flexbeam form an integralvpart of the flexbeam redirection system. These

cables must provide lateral stability in angled impacts while producing
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negligiblé interference in head-on crashéé.:.One:(unsuccessful).tesf reported
here demonstrated the need for strong and rigid éable connectbrs, and se§eral
fixed posts supPQItingAth§ gdgrdrail; o |
Drawings of a revised design ingorporéting these featurés'éré pfeseﬁted
in thé report.. It would be desirable to"evaluate"tﬁis'reviée& desién;with

a full-scale crabh test.



IMPLEMENTATION STATEMENT

Preliminary tests of a flexbeam W—séctidn'guardraii around a Sec ofv
drums added to the rear_fortion of the'ModﬁlarVCfash.¢ushion andrlongitudinai
cables aléng éach'side of the front portibn of the structufe show féasibility
for conSiderétion in (1) eliminatingvpocketing of vehicies near rigid:
backup wall and in (2) attaining redirection after impact from side hits.
Further evaluation with full-scale crash tests is désirable_fev more

complete evaluation.
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INTRODUCTION

The Modular Crash Cushion, through‘teétinguand field'experiEnce, has
proven to be an efféctive impact attengatot betﬁéen aUtomobiles and'rigid»

1.2%

Obstaclés. > The three crashAteStS;repofted hefein were cquucted,on
Vva modified Modular Crash Cushion using aVW—section‘flexbéam.as'the basic
-redirection system. |

While the Modular Crash Cushion design whichfis now iﬁ field use has
provén to be highly successful, especially .in head-on céliisions, it dbes
have a pdténtial danger zone near the baékrof the cushion.  When impac;ing'
in this danger zone, a vehigle_can pocket and contact the rigid obstacle
before losing a significant amount of eﬁergy, It is evident that, in this
danger zone, redirection would normally be more desirable than complete
arrestment. A possible modification, intended to produce the.needed
redirectional capability in this danger zone, was made on théﬂcrash cushions
tested in this program.

This program is a continuation of previous Modular Crash Cushion

design and. testing .performed under this cont-ract.3 Other redirectional

systems have been tested under another contract.

*Superscript numerals refer to the corresponding number in the
Selected References. ' :




DETAILS OF TESTS

GENERAL

In an effort to provide a redirectional capability for- angular impacts
near the rigid obstacle, yet maintain the Ygoft" characteristics for head—
on collisions, a W—section guardrail was placed around the modules as showd
in Figures 1, 1A and 2. ‘In the three crash tests conducted, the vehicles“,,
impacted thebcushion at.an anéle.of 20'degrees.to the-cushion center 1ine;_
The vehicle used in the first test impacted the guardrall portion about 10
feet in front of the rigid wall. For the second test, an 1mpact point Was“”r
'chosen to determlne the effects of pocketing and h1tting the curved portion
of the guardrail at a severe angle. The point of 1mpact for the third test
~was at tne same position on the guardrall.as in the first’ test.--Ihese impact
points are indicated on Figures 1 and 1A,‘ | | -

The instrumentation in each test'consisted of.high—speed cameras and
-electromechanical accelerometers. The high-speed cameras, Operating at’ 500
frames-per-second, recorded the events of each crash, and provided a means
of obtaining,time—displacement data. | |

The vehicle used in thevfirst test wasfequipped with two longitudinal
accelerometers, one on each longitudinal frame nenber behind tne driver's
~seat. In the second and third tests, two'transverse accelerometers were
added, one near each longitudinal accelerometer. An anthropometric dummy
was secured in the driver's seat with a 1ap belt attached to a .load cell to
obtain the seat belt force. In the first two tests, the signals from
these devices were transmitted by shielded cable to stationary.recorders.

For the third test, data transmission was by telemetry. In addition, a




mechanicél Impact-0-Graph was mounted in the vehicle's truﬁk to provide a
secondary source of a¢céleration ihform&ﬁion. Dafa from tape Swiﬁches'
activated by the ép@roééhidg véhiclés prévided a meané of-cﬁe@king fhe;
initial speeds obtained from high—spéed photograpﬁy. -

In the list of data.aécompany;né thévindividﬁal test descriptions,
the initial speeds were obtained-froﬁ the high-speed films, while the.
average an&'maximum decelerationslwefe Qbﬁéiﬁed from accelerometers mopnted
on the vehicle frame. (The values given are the average of the agce;erbmeter

pairs,)v The Times in Contact are from the films, and show good agreement

‘with the Times in Coﬁtact determined from the accelerometer traces. The

film and accelerometer data, as well as seat-belt force traces, are shown
in the Appendix.
Sequential and still photographé accompany each individual test

description.
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TEST 1146-6

Impact at 20° with cushion center line. Impact point on W-section
guardrail 9.6 feet in front of the rigid wall., See Figure 1.

Vehicle Weight = 3550 1bs
Initial Speed = 58.2 mph or 85.4 ft/sec
Average Decelerations: |
Longitudinél =6.2-g's
Transverse ='w——§ _ |
Maximum beéele;ations:
Longitudinal_: 12.4 g's

Transverse = ——-=%

Time in Contact 0.30 sec

In this test, a 1963 Plymouth sedan (Figure 3) impacted the guard-
rail portion at the rear of tﬁe cushion and was redirected. The vehicle
Lraveled about 150 feet before striking a large piece of concrete (which
was not associated with the test) and coming to rest (see Figure 4).

There was only minor damage to the crash cushion (Figures 6 and 7).
The vehicle_sustained éonsiderable damage to the left front end. The
amount'of'daﬁage due to the collision with the concrete block was undeter-
mined. The broken windshield resulted from thé vehicle's hood breaking

free during the primary impact (Figures 4 and 5).

*There were no transverse accelerometers on the frame, but the Impact-
0-Graph in the trunk showed a transverse maximum of 16.7 g's and an
average of 2.0 g's over 0.48 seconds.




Figure 3,

Figure 4,

B

Vehicle Before Test 1146-6.

Vehicle After Test 1146-6.
(Note barrier in background
visible above roof of vehicle.)
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Figure 5, Sequential Photographs of Test 1146-6.




Figure 6, Barrier After Test 1146-6.

Figure 7, Top view of Barrier After Test 1146-6.
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TEST 1146—7

- Impact at- 20° 1th center line of cushion in front of W—sectlon
guardra11 23.feet from the rlgid wall See Figure 1.

S Vehlcle Weight = -3630 le'
| Initial Speed = 51.2 mph or 75.1 ft/sec
‘AVerage Deceleretlons,-
angitudiﬁal‘ = 8.0g's
Transﬁerée = 1.4 g's
Maximum ﬁecelerations:

‘Longitudinal = 14.1 g's

L.

Transverse = 3.7 g's

o

.,1TimefinAContact, 0.38 sec

N Agein;»e“1§63'Plymouth sedan (Figure 8) was used. The crash cushion |
vwas‘reetored’teti§s7origina1 condition'érior to the test (Figures 9 and'_
12); In this test, the vehlcle was directed into. the modules in front of
the curved portion of the guardrall to determlne the severity of the
.secondary collision Wlth the rail.

The vehlcle traveled ‘about 9.5 feet from the p01nt of initial contact

w1th the modules to the point of initial contact w1th the guardrail. As

the left front end of  the vehlcle was 1ntercepted by’ the curved portion of

the. rall (Flgures 13 and 14), the accompany;ng deceleratlon caused the
vehicle to rotate abput 35° and come to a stop. Some reboundlng was. ob—.
served (Figure 11). Again, the left front end was severely damaged, but

the passenger compartment was not penetrated.

11
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Figure 8, Vehicle Before Test 1146-7.

Figure 9, Repaired Barrier Before Test 1146-7.
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Figure 10,

Sequential Photographs of Test 1146-7.
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Figure 11, Overhead View of Test 1146-7.
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TEST 1146-8 -

Impact at 20 with center line of cushion on W-section guardrall
15.5 feet in front of the rigid wall . See Figure’ 1A.

" Vehicle Weight = 4540 lbs
Initial Speed - 54.1 mph or 79;3vf£/éec.
Average Decelefationsf .
Longitudinal - 8.8 g;s
Transverse = 1.2 g's
Maximum Decelerations:

' Longitudinal = 22.4 g's

i

Transverse = 11.4 g's

0.29 sec

]

Time in Contact

Several modifications were made to the cushion before this test was
run. These included extending the W-section guardrail 22 feet beyond the
rigid wall, adding more drums to the system~and_enclbsing more drums with

the W-section guardrail, relocating and removing some of the 6 B 8.5 support

'posts, and using a single 7/8" diameter anchor cable (with swage connectors)

on each side. A 1963x01dsmobile_impacted the guardrail section at the same

_point as in Test 1146-6. The vehicle did not redirect as intended and

contacted the steel bulkhead after 0.148 sec, causing a high peak deceleration. -
The vehicle then rebounded slighﬁly, rotated, and came to a stop as shown

in. Figure 20. The guardrail was damaged Beyond repair, and some of the I-
beams were ripped from their plates. Damage to the front end of the vehicle
was severe as shown in Figure 16.

Figure 18 and Figure 20 indicate that the main support cable and guardrail

yielded and produced slack during impact and allowed the vehicle to pocket and




redirecting as intended. .

rotate. Examination of ﬁhe swage cable connections indicated.théic5b1é :
slipped about 3/4"-on each end. vIn addition, the iZ—gage gﬁardraii section
appeafed;to haﬁe.yieidedjin tensién and its bolfed;éonHECtiagé:élipéed
slightly. Added together, the stretch and slip in the cable, guardrail;n
and connections ggnefated enough slack to allow the cable and gﬁardraiivto
sag laterally seVéfai feet, which causéd the:vehicle,to-pocket;instead-of

. | . .

In this test, there‘waS“only one 6B 8.5'fixé§vpost[at the impact point

to support the guardrail. 1In the previous :(successful) test, there were

three fixed posts near the impact point to ‘support the guardrail.

18
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Figure 15,

Figure 16,

Vehicle Before Test 1146-8,

Vehicle After Test 1146-8.




Figure 17,

Figure 18,

Barrier Before Test 1146-8.

Barrier After Test 1146-8.
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Sequential Photographs of Test 1146
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Figure 21, Impact Area After Test 1146-8.

Figure 22, Guardrail Anchorage Behind Rigid Wall.
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CONCLUSIONS

‘The inclusion of a W-section guardrail around additional drums -
installed at the rear portiom of the crash cushion can pfovide

redirectional capability for angular crashes near the rigid obstacle

if adequate ‘ﬂ by fixed posts and rigid cable coﬁnections.

However, . ﬂangular h1ts dlrectly in’ front of the guardrall portlon,

the vehieiefjA ‘Wedgto:;pocket and‘then‘encounter the guardrail
at a severe'angle. This tends to cause the vehicle'to both spin and
rebound. Nevertheless, the deceleratlons produced in such a test are
not considered exceSSive for properly'restrained passengers.’

It is evident that the longitudinal cablee attached to the flexbeam
form an integral part of the redirection system. These cables must

provide lateral stability in angled impacts while producing negligible

interference in head-on crashes. The third test reported here

T strong and rlgld cable connectors, and several

fixed posts supportlng the guardrall as use in test 1146-6
Draw1ngs of a- rev1sed de51gn 1ncorporat1ng these: features are
shown in Flgure 23 Tt would be de31rablejto evaluate‘thiS'revised

‘_aﬁe'crash test.

- design w1th'e>full
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APPENDIX

Film and Accelerometer Data




| TABLE Al
HIGH-SPEED FILM DATA

 TEST 1146-6

‘Time Displacement - | A Time | v Displécémen?t ‘
(milliseconds) ' (.feetr)A o '(millis:e’cvc‘)n:d_s'), L (feet)
-61.1 -5.2 o isu2 0 oas
~50.9 A - »161;3' B T R
~40.7 — -3.5 ' v:171;4}' B 12.4 '
-%0.5  -2.6 Co1sls 1300
-20.4 1.7 191.5 © 13.4
~10.2 _ -0.9 2016 o 13.3'V1
0 Impact 0 B 2218 T
10.1 0.9 o 241.9 ) 157
120.2 18 Y 16.6
30.2 2.6 | 282.2 o 17.6
40.3 | 3.5 3024 18.6
50.4 | 4.2 ; 3226 19.6
60.5 5.0 342.7 2007
70.6 5.9 - 362.9 | 21.6.
80.6 | 6.6 383.0 | 22,7
90.7 7.4 . 403.2° | 23.8
100.8 s S a2 247
110.9 | 8.8 4435 25.8
121.0 9.5 463.7 -~ 26.8
131.0 10.2 | | |
141.1 | 10.8

A2




TABLE A2

HIGH-SPEED FILM DATA

. _ : : . TEST 1146-7
o ' Time . Displaéement : | . Time o bi’splacement
(rmillirsec,ongiis) m(feg’;) - _(milligééon@s) ' : ‘(feg'?;)-.
-60.5 | ... =45 o | v (continued)
~50.4 . -3.8 131.0 9.1
~40.3 -3.0 141.1 | 9.7
-30.2 -2.3 - 151.2 - 10.2
) -20.2 -1.5 . 1613 - 10.7
o -10.1 . -0.7 - 171.4 11.2
0 Impact o - 18L& a7
10.1 o.g 191.5 12.2 |
20.2 1.5 | 201.6 12.6
30.2 2.3 ‘”' 211.7 . - 13.0
40.3. .0 - 221.8 13.4
50. 4 3.7 241,9 14.0
60.5 4.4 - 262.1 14.4
70.6 5.1 282.2 14.8
80.6 5.8 302.4 15.1
90.7 6.5 | 322.6 15.3
100.8 7.2 | 342.7 - 15.4
110.9 7.8 362.9 | : 15.5
121.0 8.4 | 383.0 15.6

A3




TABLE A3
HIGR-SPEED FILM DATA

TEST 1146-8

. Time . Displacement - Time Displacement

(milliseconds) =~ - (fee§) A - (milIiseconds) ”'.““(feet)’
-50.7 -4.0 . | (éontiﬁued"
-38.0 -3.0 - 126.8 ERN
-25.4 -2.0 1395 9.8
-12.7 - ~1.0 S 152.2 1044
0 Impact 0 : | 164.9 11,0
7.6 0.6 177.6 | 11.6
15.2 B  190.2 © 1200
22.8 1.8 | 2029 12.4
30.4 C 2.4 - 5.6 12.8
38.0 30 2283 130
45.7 3.6  253.6 sz
53.3 R ©279.0 135
60.9 4.7  304.4 13.6
68.5 5.2 ' 329.7 - 13.8
76.1 5.8 355.1 14,1
83.7 ' f 6.3 |
91.3 6.8
198.9 7.3
106.5 © 7.8

114.2 8.3

A4
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