
A P P E N D I X F 

F I N A L 

OF 

R E P 0 R T 

ON 

CONTRACT NO. CPR-11-5851 

Entitled 

TEST AND EVALUATION 

OF 

vEHICLE ARRESTING, ENERGY ABSORBING, AND IMPACT ATTENUATION SYSTEMS 

For 

U. S. Department of Transportation 

Federal Highway Administration 

By 

Texas Transportation Institute 

Texas A&H Research Foundation 

College Station, Texas 

November 30, 1971 

F.l 



T_0 BLE OF CONTENTS 

FOR 

l\..PPENDIX F 

FORE\-JORD 

TECHNICAl HEM0Ii 0_L'1DA (]';._,,,;be;- anci Title) 

1 Barrel ProtectJ_"e Barrier 

1S The Modular Crash Cushjon 

2 Tor-Shok Energy Absorbing frorective Barrier 

2S Tor-Shc1k and Roto-Shok Energy Absorbing Protective Barriers 

3 One-Hay Guardrail Installation 

6 Dragnet Vehicle A~resting System 

Timbc:r Post. EnE::.b~l P_,_bso-::.-bing Protective Barrier 

l~c,a,u 1mpacc: Attenuation Barrier 

The Effec:.- :;£ Veh-; :.Je CoLlision with i'.luminum Roadside 
Sign Struc~:ures Hour;ted OTt f:c·anglble Bases 

8 Energy-Absorbing Bridge Rail (Fragmenting Tube) 

9 Feasibility of Lightweight Cellular Concrete Vehicle 
Crash Cushions 

9S Evaluation of Crash CushL:,ns Constructed of Light\veight 
Cel:~:ar Concrete 

10 TExas Tl Rriage Rail Syscen~ 

ll Psrfc•nr:anuo cf th2. "E:l-·Dro Cushion" Vshic:i e Impa:::t 
Attenuator 

12 New York Box-Beam Briige Rail·-Guardra.il 

13 Impact R2spcn.se of FJ.~ty·~·F'oot L,.LminaiJ:e Su-:_Jport Structures 

:s io.. i.:~yb~id Ba1:cie:2_ ~~~::>:{ :.Jse At Pie::s lr; }'l~(~ians 

(l1odular Crash Cushion Plus Concrete }'It:dian E2:;_-rier) 

:.6 Feasibility Gf Ccn~~E~e Pipe Crash Cushi~ns 

Tests of Steel Drurn.s e.nd of Ccrruga~ed StE:e.l Pipes 

1.8 ... 6.,_ Feasibi.~=Lt"' .. ;c s·c:-~~dy Gf Fsing C;.,)~2:·_r~·c:-.C-"Cl Stc~l P~.p~s in 
Modular C~2sh Cushions 

; ~-1 Feasi·t·ility Study of 1/ebic.ls C::3::..h ::~ush~on~ <:~.snst:uc.ced of 
Reaciily Available l1a.::erials 



Appendix F is a compilati.on of the t:1vcent\· three (2'\) tc•ciwi.cal 

memoranda prepared on Researc~h and UteVLolupmhcL C:ontr:1c L :·Jo. CPJ~-·11-~>(351 

entitled "Tc~st :1nd Evaluiltion of 'fchiclr· :\rr .. •,;tr;cg, Ln,•rgv Ah:;orbing, 

and Impact ,\ttcnuation Systems". These U:chnical PH·•noranda \vc;rr.: pre-

pared and submitted to the b'cclerill liigh1Jav Administration during the 

course of this four and one-half year project. ln gcner·ctl, a tt~chnicct1 

memorandum was prepared to report the results of a series of craslt tests 

conducted on a given highway safety barrier. ln general, the signifi-

cant results presented in these t1vcnty three technical memorand:1 

are summarized in the main bodv of the final report. 

The accuracy and re1iabilitv of the clcccronic acccl,·romctcr and 

strain gage data presented in Technical Nemoranda 50'J-J:;, 50S-::, '505-2S, 

505-4, 505-6, 505-8, 505-9, 505-10, and 505-Jl arc questionable since 

these data Here gathered using a "lJarcl-line" carrier system for sensor 

excitation. The excitation source and the resultant crac;h test data 

F.J 

were fed through a cab lee of cons iderc1ble length (approximatelv 1000 ft.). 

The cable was frequently tangled, bent and cur causing, in some cases, 

significant changes in resistance and capacit;:mcc v1hicl! produce zero 

and phase shifts in the electronic data. 

All other electronic data were gathered by use of an extremely 

reliable telemetrv system described in Appendix U. 



TECHNICAL MEMORANDUM 505-1 

Texas Transportation Institute 
Texas A&M Research Foundation 

BARREL PROTECTIVE BARRIER 

A Tentative Progress Memorandum on Contract 
No. CPR-11-5851, U. S. Dept. of Transporta
tion, Federal Highway Administration, Bureau 

of Public Roads 

by 

T. J. Hirsch, Research Engineer and Principal Investigator 
Structural Research Department 
Texas Transportation Institute 

The opinions, findings, and conclusions expressed in this report are 
those of the author and not necessarily those of the Bureau of Public 
Roads. 

July 31, 1968 

On March 28, 1968, a very successful vehicle crash attenuation test 

using 55-gallon drums as a barrier was conducted. This technical memo--

randum is being written to provide some of the technical information 

and design details of this vehicle crash attenuation system. Also 

included is a summary of the high-speed film data taken of this test 

giving the vehicle impact velocity, average deceleration, peak decel-

eration, stopping distance, etc. This system, using 55-gallon tight-

head universal drums, appears to be a most effective, economical, and 

practical vehicle crash attenuation device. 

Figures 1 through 6 show the crash vehicle and barrel protective 

barrier before and after the 60 mph vehicle impact. Table 1 presents 

a sun@ary of the high-speed film crash test data. The vehicle weighed 
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3,200 lbs. and was a 1964 Dodge four-door sedan. Its initial velocity 

before impact was 60.2 ~. The vehicle penetrated the barrier 13.3 ft. 

before coming to a complete stop. The average deceleration force on 

the vehicle was 9.1 g's. The peak deceleration on the vehicle was 

12.7 g's. As can be seen from the photographs, only minor damage was 

inflicted on the vehicle. One of the four headlights was broken, 

and the front bumper and grillwork were mashed in approximately 4 in . 

The vehicle was in running condition immediately after the impact. 

Table 3 presents a comparison of this barrel barrier crash test 

with a "rigid" barrier crash test. If this vehicle had struck a "rigid" 

barrier, the maximum deceleration would have been approximately 54 . 2 g ' s 

and the average deceleration would have been approximately 34.6 g's. 

Using these rigid barrier decelerations, the deceleration obtained 

from the barrel barrier can be compared by taking a ratio which is 

defined as an Attenuation Index. The Attenuation Index for this 

barrel barrier test indicates that the impact was only 1/4 as severe 

as a rigid barrier crash. 

Table 2 presents a complete tabulation of the high-speed film 

data showing time after impact in milliseconds, vehicle displacement, 

vehicle velocity and deceleration. The total duration of the impact 

was 0.346 seconds. Figure 7 shows a plan and side view of the barrier 

as installed. The barrier was constructed as shown by Figure 7 with 

the exception that only one 8WF17 backup beam was used instead of the 

two shown on the drawing . The barrier consisted of twenty- nine 55-

gallon drums of 16-gage steel. There were 9 rows of three drums, with 

two drums on the nose,· making a total of 29 drums altogether. The 

total length of the barrier was approximately 19 ft . The vehicle pene

trated the barrier 13.3 ft. indicating approximately 70% of the 
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energy capacity of the barrier was used up. The vehicle had 387,000 

ft.-lbs. of kinetic energy. 

The dotted lines on the drawing indicate 1/2 in. cables which 

were tied to the simulated bridge pier and threaded between the rows 

of barrels, supported on the rolling hoops, and tied off to a 

reinforced concrete anchor shaft located flush with the ground in 

front of the nose of the barrier. The 1/2 in. cables were 

designed to give the barrier lateral stability in case of an 

angle hit by a vehicle. These cables also hold the barrels on 

the ground during vehicle impact. The barrels must not be attached 

to the cable in any manner. They must remain free to slide down 

the cable during vehicle impact. Additional tests are needed on 

this system in order to verify the lateral stability of this 

barrier when struck by a vehicle at angles other than head on. 

Figure 8 shows the detail of how the top and bottom of the 

drums were welded together at all points of contact between ad

jacent barrels. A piece of No. 5 reinforcing bar 2 in. long was 

placed between the barrel rims and fillet welded to each barrel. 

Figure 8 also shows how the tops and bottoms of the barrels were 

cut and metal removed in order to reduce the crush strength of 

a barrel down to the desired level. Four elliptical holes were 

cut in the top and bottom of each barrel leaving an almost 

square piece of metal in the top and bottom intact and joined to 

the rim. 

Figure 9 shows the static force-deformation curves for the 

55-gallon 16-gage steel drums used to construct this barrier. 
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The top curve on this figure indicates a peak crush force of approxi

mately 20,000 lbs. for a 55-gallon drum with the top and bottom 

left intact. When the elliptical shape holes are cut in the top and 

bottom as shown in Figure 8, the crush strength is shown by the 

lower curve on Figure 9. A peak crush force of approximately 

8,000 lbs. was developed under this static test. Figure 9 

indicates the importance of removing some of the metal from the 

top and bottom of the drum in order to reduce the crush strength 

of the barrel. The uncut barrels will generate approximately 

three times as much stopping force as the barrels cut as shown. 

Figure 10 shows an idealized barrier force-deformation curve 

under vehicle impact. From an analysis of the high-speed film 

data it was apparent that the crush strength of the total barrel 

system welded together was somewhat larger than that obtained from 

the sum of the individual barrels. This increase in the total 

barrier force can be attributed to cable friction, ground friction, 

and lateral support provided to the barrels by adjacent barrels. 

Additional laboratory tests on barrel crush strengths are now 

being conducted in order to better establish the barrel strength 

characteristics. 

A descriptive appendix is included to show the American 

Standard Specifications for 55-gallon tight-head universal drums 

which were used to construct this barrel protective barrier. 

Fifty-five-gallon drums can be fabricated with various gage metals 

from gage No. 12 to gage No. 24. In the very near future, 

laboratory tests will be conducted on barrels of 1&- through 24-gage 
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metal. Such barrels will be much lighter in weight and could 

feasibly have the desired crush strength without the requirement 

of cutting and removing metal from the tops and bottoms. 

Figure 11 shows some typical hazards where barrel protective 

barriers could be effectively employed. Several locations in 

the state of Texas of this type are now being considered for 

possible employment of this protective system. Figures 17 and 13 

show some other possible configurations \vhich could be used in 

the ~tployment of 55-gallon drums as an energy abEcrption barrier. 

Summary and Conclusions 

This barrel protective barrier appears to be a very effective, 

economical and practical vehicle crash attenuation device. Based 

on the single test conducted to date the impact behavior of the 

syst em appears very good. The system appears very economical, 

since the cost of barrels delivered from a barrel factory will 

range from $6 to $7 each. Second hand barrels can be purchased 

for as little as $2 each. The system fabricated and tested here 

was made of second hand barrels costing a total of $58 ($2 each). 

The cables, steel plates, 8 in. wide flange backup beam, etc. were 

very minimum in cost. 

The system can be fabricated and installed by semi- skilled 

laborers. Maintenance and reliability of the system also appears 

good. The system should behave satisfactorily under extremely 

high or low temperature condit ions in either a wet or dry condition . 

After such a barrier is struck by a vehicle, it will probably 

5 
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dcp:ll~ lmenl maintenance yard. Since the barrels are all 1vehled 

togc~ther and ilre tied dmvn by the :mchur cable it is bel ievecl the 

system lvill behave satisfactorily under angle impact. The 

stabi 1 i tv of this system under angle impact, l1o1 .. 'ever, needs veri-

1 ic':ll i<Jll by further impact Lests IVhich are anticipated in the 

!lear future. 
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TEXAS TRANSPORTATION INSTITUTE 
PROJECT 505-1 £ 

Figure 3. Side View of Barrel Protective Barrier in Front 
of 30 in. Diam. Simulated f~ridge Pier 

TEXAS TA:ANSPOR!AT!ON INS11fU1E 
PROJECT · 50S-IE 

Figure 4. Vie.w of Barrel ProtecUve Barrier and Test Vehicle 
A£ter Imoact. Initial Vehicle Velocity 60 mph. Starring lst~nce 

13.3 ft., Average Vehicle Deceleration 9 . 1 g's 
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TABLE 2 . HIGH-SPEED FILM DATA 

TEST RF505-lE 

55 Gal. Drums with Tops and Bottoms Cut 
3 Drums Wide by 10 Drums Deep 

High-Speed Film Data 

Time Displacement Velocity Decele2ation 
Milliseconds ft f t/ sec ft/sec g's 

0 0 0 0 

6.3 0.57 0 0 
88.3 

16.8 1.50 0 0 

Impact 7<27. 3 >'<2 .41 0 0 
82.4 

48.3 4.14 -271.4 -8.4 
76.7 

69.3 5.75 -409.5 -12.7 
68.1 

90.3 7.18 -247.6 -7. 7 
62.9 

111.3 8.50 -295.2 -9 . 2 
56.7 

132.3 9.69 -319.0 -9.9 
50.0 

153.3 10.74 -295.2 -9.2 
43 .8 

174.3 11.66 -181.0 -5.6 
40.0 

195.3 12.50 -247.6 - 7. 7 
34.8 

216. 3 13.23 -228. 6 -7.1 
30.0 

237.3 13.86 -271.4 -8.4 
24.3 

258.3 14. 37 -114.3 -3.5 
21.9 

279.3 14.83 -295.2 -9.2 
15.7 

300.3 15.16 - 90.5 -2 .8 
13.8 

321.3 15.45 -204.8 -6.4 
9.5 

342.3 15.65 -247.6 -7.7 
4.3 

363 . 3 15 .74 -114.3 -3.5 
-1.9 

384.3 15.70 -204.8 -6.4 
-2.4 



f . l5 

Time Displacemen t Veloci t y Dece l eration 
Nilliseconds ft ~~ ft/sec2 g ' s 

405 . 3 15.65 - 133 . 3 -4 .l 
-5 .2 

426 . 3 15.54 0 0 
- 5 . 2 

447 . 3 15 . 43 



V. flLi. 3. ~.:nNP.\P [ smJ OF TEXAS BARREL PROTECT i •.T 
BAI\RTFR CRASH TEST IHTH RIGID BARR: ]'j, 
r:•li'ACT. 

Barrel Barrier Impact 
Test 505-lE 

3200 lb 

60.2 mph 

;•hx. i!cceJeration 12.7 g's 

Avg. Deceleralioo 

Attenuat· in;: T mlex 

AT 
(max) 

AT 
(avg) 

(" ·' . iJ:J_r_r~'l.~
. rL;~icl) 

vy,_ ._ha_r~e_ls) 
. rigid) 

9.1 g's 

0.23 

0.26 . 

'''Note': ~.,;ri.Jn:Jted ligid Barrier lmpact Deceleration 

ll•·Lcrminucl by G(max.) 0.9 v 

0.574 v 

i ~ -' 

' ' :! \ t 

34. r, 

HhE·re Vis in mnl1; from Emori, Richilrd 1., ",\n.1l·:Lic;1! .\:'' L'it 

to Automobile C'lllicd.ons," SAE Paper 680016, Auto. Engr. \:C.J·.:cres:c;, 

Detruit, .Tanuarv g, 1968. 
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No.5 reinf. bar 2" long 

fillet weld to both top 

and bottom drum rims. 

All drums connected 

thus both top and 

bottom. 

Cut with t or c h a n d remove 

metal both top and bottom 

FIG. 8 Detail of Top or Bottom of 55 gal. Tight-Head Univ. Drum, 

16 gage steel 
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Drum, 16 gage steel 

Possible Configuration which could be use d 
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STANDARD SHIPPING CONTAINERS 

TIGHT HEAD DRUMS 

F.25 

Used for shipping or storing such products as chemi
cals, paints, petroleum and food- for both domestic 
and export markets. Extra and special openings will 
be provided as requested. All ICC drums which are 
displayed throughout this catalogue are manufac
tured in accordance with government specifications 
and are submitted to rigid testing and inspection. 
Each clrum receives a leakage test and there are 
periodic drop and hydrostatic pressure tests of 
drums selected at random from our production lines. 

Each drum bearing the U.S.S. embossment along 
with appropriate ICC markings can be filled with 
maximum confidence. 

Can be furnished: Painted-black or other stand
ard colors • Decorated • Lined • Galvanized
hot-dip • Tinned-hot-dip • Stainless • Emboss
ing as requested -- names, numbers, trademarks, 
symbols. 

Constructed of 16 to 20-gauge steel to meet all 
legal requirements. 

Gauge 
ICC Capacity Gauge Head and Inside 

Spec. Gallnns Body Bottom Diameter 
Inside 
Height 

Overall 
Height 

Diameter 
Over 

Rollin1 
Hoops 

Approx. 
Tare 

Weight 

Ocean 
Cube 

Approx. No. 
Per Carload 

17C I 
17[ I 
lit . 

ll?t 
! 1/E 

40' 50' 

57 18 I 18 22-L2 34-11;'32 35-15;'16 23-7 ;16 49.7 11!0 300 370 
ss 16 1 16 22-112 33-5/32 34-3!4 23-7/16 60.6 10/9 300 370 

;~ ~~ I {~ ~i:U ;;:~~;~ ;g~: ~;:;:i~ :~:~ i~~~ ;~~ ~;~ 
~; ;~ I :~ I ;~::~~ ;~::;;; ;i:~~~ i~:;;:~ ;~:~ ~;~ :;~ ;:~ 
JO 2o / 20 I 18-1 4 27-9!32 28-7,8 19-3116 25.3 6;1 570 67o 
jU 19 'I 19 I 18·1·4 27-9!32 28-7•8 19-3!)6 29.3 6/1 570 670 

jl1 i 16 I 16 \8-l/4 27-9/32 28·7/8 19-3.16 41.7 6/1 I 570 670 
<n : 1' 18 ,. l8·1, 4 27·9/32 28·7/8 19-3;16 33.5 6/1 570 670 

16 I '2 I 22 il-15116 25-27/64 26·7 /8 14-7/8 14.3 3/6 I 1040 1250 
LO 7'1 I 20 Li-15 16 25-27/64 26·7 /8 14-7/8 17.0 3/6 1040 1250 ___ ____;_ ___ __j __ _j, ___ _..L. ___ ......~-___ ___. ___ ___. ___ -'----'----'----

SECTION 2 ""ge 2 



TECHNICAL MEMORANDU~ 505-lS 

SUPPLEi"lENT TO SO 5-l 

Texas Transpurt~tion Institute 
Texas A&Jvl Research Foundation 

TilE MODULAR CRASH CUSHION 

A Tentative Progress Hemorandum on Contract No. CPR-11-5851 

t:.S. Departm(ont of Trans;Jortation 
federal Highway Administre1tion 

by 

T. J. Hlrsch 
Rc•searcll Engineer 

Gordon G. Hayes 
Physics Research Associutc 

,tnd 

Don r Ivey 
Assoc.iatL~ 1<-~~----earch Eng incer 

These cr_·~ls1: te~~ts and cv:-tluat Lons T,,.rere cocducl~t',·_: tn:~_Ler the c~rt _ic:!~· 

of Research ar:d TlcveJDjJII1C11t, Structures and AppJ ied '·!cchanics Jlivisinr:' 
1'-eseJ.rch Pc'Jf; 1:rr ;- r t u~~-11 ;:._-;t·: in Su·.-~rcrL c1f ~1-i ___ v ~J'- 1 Sal--Cl\-
Program). The op·i L~_--rls~ fincLin:~s~ and c:onclus_Lon.s exprvsc;;l.:~,-, in t 1 li;:~ 

reporL are tl1D,,e rJf t'>Jc- 1\ct1H;n; CJnd nnt nccr·Eosar;ly tl10sc of tl;c T·'l-'deral 

L\dm1~n Ls t·rat i c;~ ~ 
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INTRODUCTI0:01 

The Modular Crash Cushion was developed under a contract with the 

Federal Highway Administration as an expedient measure to reduce the number 

of fatal automobile collisions with ri~id obstacles in or near highway 

rights-of-way . 1"' Additional moclifica ti ons zmcl t:,,:-; ts vcn: sponsored by 

the Texas Highway Department in coopcrat1un 1d t\1 t:l!c Federal Highway Admin-

istration. 2 The crash test program and subsequent field experience indicated 

that this system \vas more than an cxpeclic'nt mcasttrc and that it functioned 

very well as an impact attenuator from hotl1 the pcrformancc and economic 

points of view. 3, 4 As part of its progr:1111 on Structural Systems in Support 

of Highway Safety (4S Program), the Federal Highwav Administration sponsored 

further research to improve the basic Modular Crash Cusl1ion design. 

One constraint that is placed on most impact attenuators is the 

geometry of the site. A crash cushion protecting a rigid wall at an 

elevated freeway gore, for example, cannot be much '.,rider than the \vall 

itself without constricting tl1e adjacent traffic lanes. Therefore, in 

angled collisions toward the rear of the cushion (near the rigid wall) 

the distance and energy absorbing matt"rials are usua11y insufficient to 

stop the vehicle safely before it contacts the rigid 1':dl. 1n such 

collisions it is usually bett<ccr tu cause tLc cull icHng vehicle to redirect, 

thereby missing the rigid wall. 1be provisions for redirection must be 

such that the cushion has lateral stability, \,Jhilc maintaining the "soft" 

characteristics during head-on impacts. The rL'sul ts of some of the 

efforts to satisfy these conditions are presented in this report. 

*superscript numerals refer to corresponding numbers in the Selected 
References. 
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SYSTEMS TESTED 

The three crash cushion designs which were tested used 20-gage steel 

tight-head drums as the basic energy absorbing modules. 

F.28 

The first configuration is shown in Figure 1. The columns of modules 

were separated by plywood inserts, and the two support cables ran betHeen 

the columns of drums in a path as shown in Figure 1. Overlapping redirec

tion panels were attached to the sides of the crash cushion. These panels 

were made of 3/4" plywood covered with fiber glass which was coated with 

a polyester resin. This gel coat was used to give more smoothness to the 

panel surfaces and to improve the appearance of the barrier. The front 

edges of the panels were hinged so that the back edges could telescope or 

swing out, allowing free crushing of the barrier during head-on collisions. 

The second barrier which was tested is shown in Figure 2. The basic 

drum arrangement was the same as before, but the support cables were moved 

to run in a straight line between the outer modules and the redirection 

panels to reduce vehicle pocketing. A "truss" composed of steel straps vJas 

welded to the tops of the modules to increase the lateral strength and 

stiffness of the crash cushion. 

The final system constructed for testing is sho~~ in Figure 3. Steel 

angle spacers were used here, and the module arrangement was modified to 

reduce the stopping force at the onset of the collision. This modification 

is especially desirable when the colliding vehicle is small and light\veight. 

Also, the rear of the barrier was widened to provide a cushion betHeen the 

end redirection panels and the rigid wall. Again, cables inside the re

direction panels were used to give lateral stability without rigidity. 

Photographs of each of the cushions accompany the individual test 

descriptions. 

3 
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Five full-scale crash tests were run in this series: one oblique 

impact on the first barrier configuration, and both an oblique and a 

hl'ad-on test on the other two configurations. 

The tests were photographed usinr:; hi;;h-speed motion picture camcr3s 

and conventional documentary cameras. Time-displacement data ,,,as o1'tained 

from the high-speed films. The vehicles were equipped with electro-

mechanical accelerometers attached to the longitudinal frame members. In 

addition, a mechanical Impact-0-Graph \vas mounted in the trunks as 3 

secondary source of acceleration data. In tests A and E, an anthropo-

metric dummy simulating a driver '-Vas secured 1vith a seat belt attached 

to a load cell for sensing scat belt force. The signals from these trans-

ducers were transmitted by multiconductor shielded cable to recording 

devices. Tape switches activated by the wheels of the approaching vehicle 

provided a means of checking the initial speeds obtained from the high-

speed films. 

A typical-instrumentation summary is given in Table l. Time-

displacement data from the high-speed films and reproductions of the 

accelerometer traces and seat belt force curves are given in the Appendix. 

Table 2 is a summary of pertinent test data. For the head-on tests, 

the average decelerations from the high-speed film data are considered 

more reliable because initial speed and stopping distance can be measured 

accurately by this method. The average deceleration in G's is given by 

a lf. 2 /2aS, uherc Vl· is the initial speed and Sis the stopping distance. l h 

8 



The average deceleration from film data for tests in lvhich the vehic:1e 

was redirected is given by a 

of the vehicle at loss of contact with the barrier. 

The average decelerations from the accelerometer data are obtained 

by integrating the area under the analog trace (Appendix) and dividing by 

the length (time). The deceleration times from the accelerometer traces 

do not coincide with the times in contact from the films because loss of 

contact with the barrier does not require that all forces go to zero, 

even though the vehicle--barrier interaction is completed. 

9 



f--" 
0 

T.~·_BLE 

EPlCAL V"'!II\Lf' CFi'S! Tl7ST 1\-',''Rl!:VtENTATIO~; 

Ct\l'IERAS: 

I ---- --~;:VI;:-------------r---- ----
~---- I LOCATI'J'' I .... 

------------- ----- -· ---- -----~ 

=-~t PIRPOSE ~ 
l Hycam (500 frames per sec) 

l Hycam (500 fps) 

1 Photosonics (500 fps) 

1 Bell & Howell (128 fps) 

1 Cine Special (64 fps) 

ACCELEROHETERS: 

l Statham* and 1 CEc** 

Statham''' and 1 CEC 1
"'' 

l Irnpact-0-Graph 

OTHER: 

Fair of Tcqw Switches 

1 Tape SHitch 

1 Lcpe S\vitch ;mel Flash Rnlb 

Sedt BeJ1: S~:rai.n c;age 

train gage tvpc 
**Pi~zocl0ctric type 

Perpendicular to initial 
path of vehicle 

Perpendicular to barrier 

Directly above barrier 

Oblique to barrier 

Perpendicular to barrier 

Right vehicle frame member 

Left vehicle frame member 

Trunk of vehicle 

About 16 ft. before impact 

At impact point on barrier 

On ve!1icle 

Attad1ed to seat belt 

I 
I1:itial speed 

Entire event 

Overhead vie'"' 

Documentary 

Documentary 

Longitudinal and Transverse 
acceleration 

Longitudinal and Transverse 
acceleration 

Triaxial acceJerations 

Initi:.:tl spec'cl 

Time uf impac l 

Indicate imp<Jct vi.suaUy 1 

Seat hel.t force on Alderson j 
artic-_!lated anthrcp,,- _j 
metric dummy 

-------------------~------- --."") 

w 
uo 



F.36 

TABLE 2 

SU}:!NARY OF UST DATA 

I TEST A B c D E 

Barrier Type 1 2 2 3 3 

Vehicle, Yea! 1963 1963 1960 1963 I 1959 
Hake Valiant Valiant Pontiac Buick Renault 

Vehicle Weight, lbs 3000 3080 4180 4350 1500 

Impact Angle, deg 20 20 0 20 0 

FILM DATA 

Initial Speed, mph 56.9 59.3 46.6 56.8 58.2 
ft/sec 83.4 87.0 68.4 83.3 85.4 

Average Longitudinal 6.8 7.4 6.2 4.0 9.1 
Deceleration, g's 

Distance ln Contact'", ft 16.0 12.6 11.7 24.2 12.4 

Time in Contact, sec .290 .2l0 .365 .624 .280 

Final Speed, mph 0 26.7 0 19.0 0 
ft/sec 0 39.1 0 27.8 0 

ACCELEROHETER DATA 

Longitudinal 

Max. Deceleration, g's 53.0 15.9 7.0 11.3 14.1 

Avg. Deceleration, g's 10.8 8.0 3.7 4.6 7. 6 

I 
Time, sec . 358 .226 .414 .452 .403 

I 
Transverse 

:'lax. Deceleration, g's 3.8 7.3 -- 4.3 --
Avg. Deceleration, g's 1.1 3.2 -- 0.6 --

Time, sec .360 .226 -- .292 --

*For Tests A, C, and E, this is the stopping distance. 

ll 



In this first test, a 1963 Valiant weighing 3000 lbs impacted the 

;Todular Crash Cushion at 56.9 mph. The vehicle centerline made a 20° 

angle with the centerline of the barrier at impact. The barrier is sho\m 

in Figure 4. The redirection panels consisted of 3/4" plyv10od \vith t'.vO 

layers of heavy fiber glass roving followed by one layer of gel coat. 

These panels overlapped approximately 11 inches. Between the columns of 

barrels \.Jere smaller sections of plywood. 

,\fter initial contact, the lateral stability of the redirection 

panels ''as not sufficient to prevent the vehicle from "pocketing" and 

crushing several barrels before impacting the edge of the rigid wall. 

Thi.s ,.ras the reason for the high maximum longitudinal deceleration of 

53 g's. Duration of this high deceleration was about 80 msec, as can be 

seen from Figures Al and A2. Contact with the rigid wall occurred about 

240 msec after impact, at which time the g level on the accelerometer 

traces hegins to rise sharply (see Figures A.l and A2 in the Appendix) . 

• ~alysis of the accelerometer traces showed the average decelera

tion to he 10.8 g's longitudinally and 1.1 g's laterally. Damage to the 

vehicle was rather severe due to the impact with the rigid wall (see 

Figure 6). 

This redirection system did not perform as intended. The undesired 

behavior was attributed to lack of lateral attenuation space at the rear 

F.37 

of the barrier adjacent to the edge of the rigid wall. In addition, the 

barrier had insufficient lateral stability due to the anchor cable positions 

and to insufficient overlapping of the redirection panels. Subsequent test 

cushions incorporated design changes which resulted in better redirection 

capabilities. 

12 
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Figure Vehicle Before Test 505 B-A. 

Figure 6 , Vehicle After Test 505 B-A. 
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Teat 505 B-B 

In order to provide acceptable redirection capabilities, the basic 

system previously tested was modified. Instead of the plywood spacers 

between the barrels, metal straps were welded across the top of the 

:] rrels as sho"m in Figure 12. In addition, the anchor cables were 

placed just inside tl1e deflection panels and \·Jere aligned strai.ght and 

taut. This was done to increase the lateral stability of the system 

during angle l1its for better vehicle redirection. Also, the redirection 

panels were positioned to overlap each other 4 feet, creating a double 

thickness of plv.vood along the impact area. 

A 3080 lb Valiant impacted the barrier about 11 ft in front of the 

rigid wall. The vehicle at contact made an angle of 20° with the center

line of the barrier, and was travelinf at SO.] mph. The vehicle was 

redirected, leaving the barrier at 26.7 mph after 210 msec. The average 

longitudinal deceleration during this time was 7.4 g's, and the average 

transverse deceleration was 3.2 g's. 

The left front end of the vehicle \vas permanently deformed about 

l. 5 ft. Damage to the barrier \vas slight. Since onlv a few barrels 

were crushed, as seen in Figure 15, the barrier was easily repaired 

before the next test. This test was considered successful in that the 

vehicle was redirected as intended, with deceleration levels well within 

acceptable human tolerances.s 
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Figure 12, Modular Crash Cushion Before Test 505 B-B . 
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Figure 13, Sequential Photographs of Test 505 B-B. 
(Side View) 
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After a few minor repairs ~cr~ 

in Test B ,,,as subjected to a hc:d-:)11 cLash T!l~ ptlr}~c~sc of this 

to a head-on collision. 

into the crash cushion fur s:'lfe redirection of Vl'hL:l es imnacting at 

an angll~. 

maintain its relalivclv soft, crushable dT:H·nct,,,-:Istic·s f,•r held--on 

impacts. 

The' b:1rrier stopped tll<c 41 81) lb PontL1c, ,_.]:[,·] 1-.-il'-i t>:ive1 i_ng 46.6 r't'h, 

in 11.7 ft with an ave>age longitudinal Jc-:eler1tinn nf fi. 7 g's. 

restrained humans.5 

Tht> system perfonr:ed as designed. 

minor as shcn,'Tl in Ftgurc ] 7. 

The t1c_~adlights ·Jl t: 
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Figure 18, Repaired Nodular Crash Cushion 
Before Test 505 B-C. 
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Figure 19 , Sequential Photogr3Ph8 ot Test 505 B-C. 
(Side ~icw) 

27 

F.52 



n1 

.'8 



I ') l iz'lv :ltld :,: 



F.55 

L\·70 mochfications were made in the crash cushion used for this test. 

The rigid back-up wall was modified to simulate a tapered concrete retain

ing wall at an elevated freeway gore. This type of retaining wall makes it 

feasible to extend modules of the crash cushion along its sides. The con

figuration \vhich \vas tested had modules extending along only the side which 

was ld t, as modules along the opposite side would have been superfluous 

for the purposes of these tests. The straight, taut cables and overlapping 

plywood panels were believed to be sufficient for redirecting a vehicle 

\vithout the use of the metal "truss" as used in tests B and C. In addition, 

the barrel modules were arranged in a more triangular shape to provide a 

softer nose for better head-on attenuation of small, lightweight vehicles. 

A 20° angle side impact was conducted using a 1963 Buick which weighed 

!!350 lbs. The initial speed of the vehicle was 56.8 mph, and the vehicle 

remained in contact with the barrier for 624 msec. The average longitu

dinal deceleration from the accelerometer traces was 4.6 g's. Average 

lateral deceleration was 0.6 g's from the same source. A "ramping" ten

dency \vas observed; that is, the vehicle climbed up the side of the cushion 

to a height of about two feet due to a vertical component of force at the 

left front of the vehicle. However, the test vehicle remained upri~1t 

throughout the test. A possible cause of the ramping may have been that 

~10 upper support cable, being longer than the lower cable, had more poten

tial to displace transversely, allowing the deflection panels to lean 

slightLy imvard at the top. 

During the time in contact, the cusl1ion demonstrated sufficient 

lateral stability to prevent "pocketing" and to redirect the test vehicle. 

The harrier \vas damaged moderately, and the left front end of the vehicle 

was permanently deformed 3.25 ft (see Figures 23 and 27). 
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at Si1. 2 mph. ! --. 

\-Ji_th an a.vcrnge Iongitudi~1al dccc·lcrat-LcJ·J c~·· Y. 1 :) .s.. ~:~:-

portion of the front end of the vehicle was severely buckled, whic! 

vehicle. The vehicle was stopped smoothly, without tendency t • rol t 

Tl•e dc",:eleration encountered hy tlK· 1 i twei 

develcpmenl testing. 0 
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Figure 28, Vehicle Before Test 505 B-R . 

Figure 29, Vehicle After Test 505 B-E. 
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Figur e 32 , Sequential Photographs of Test 505 B-E. 
(Oblique View) 
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Figure ]J, i''!odular Crash Cushion After Test 505 1:'.-E . 
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JJTSCUSSic)~; AND cm;CLl_'SJ•Il\S 

ln •>rder to Y\Hl: n•ct a vehicle Hhi.ch stribos the cra·:b cushion at an 

<H•"I '' itd prt'Vent i.L cror;; contacting 2. r~~~iJ obstaclr', the <:rash cushion 

:~<Wit: ilav.~ L1 tcral s tabiJ ity, prc:c;ent a smooth side surface, and be rather 

c1irv-~ti..(nl tc" prevent vehicle poc;,:_t-·ting. Tlw <ll()rc 

chl' ,,L,_'c f tlF' cu:;hion i.s allm"'"d to deform, the greater the angular 

n·cl i_r,,•ctJJm ml>oc ''l" in order to prevcn1 contact T.vith the rigid backup waJ l. 

.\t t];,, same t imc t.l!e :1ttvnuator must not be constrained in the long)-

tic~ in order to bE_' acceptable for head-on or ncar head-on 

!id..._. · '= in \"rlt i c' :J] 1 the vchiclc::. kinetic: er~ergy must be absorbed. 

The-' t i r:-; L '' r l.c:m:J t<•r tes ced in tlcis series prLtsentcd an acceptable 

re .. ·tic-nc:rl ·-<urtacct, tJtlt bcca11:c;e ,,f the insufficiPnt interior support 

.1i:; es ;.,nJ because of the crushable pJyvuod module spacers, 

ht n~ cessary l;JLL'ral strer:.gth or stability for re-

design tested had sufficient lateral sta-

\ .L as ,, smootl; r·.'directional surface, and the 

'~ .t vehicle' \ciJ,; rec!L:ected Hithout con~:,c:::ing the rigid \vall. The re-

,_i:recti'm over a ;;hurt time interval causes Si.i-; ·ificant damClstc' to the 

guard ra:i l or bri cgL· rdU cr•1lision. The forces measured Here considered 

tolerable or acceptable fur properly restrained passengers. 

rel:ltiv<·1·. :;oft, t.:rushablc behavLcr 1:as retained for heacl-c'n collisions. 
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file Lill rd crash cusl1 ion configuration also suc,:essfully redirected 

impoct. However, the absence of the If IT trLlSS 

on 1).1rri··• type :3 reducL'S the '"eight of the structure and permits easier 

.:::n..-1 u.-.l:Ct:? economj_ca] r:.unstrnction and mainten.:1nce~ 

Tile he.J.d-·on test c,£ the t:hLrd crash cushion prototype utilized a 

t\l though the clc.mngc to the vchicl<o' s 

in the rear and only a ligl1t, shC'etmctal luggage compartment protected 

the front enJ. Actually, this crushing too is part of the attenuation 

process, I'l1e passenger compar·tment was not penetrated. The g levels 

\;et·e nut E·xccssj_ve considerin>!. the \vcight and speed of the test vehicle. 

'ICh.i.clco majntained a st:ahle posture throughout the Jmpact, with no 

overturning tendency. 

lt apreacs from this serJcs of tests that for the Hodu1ar Crc~sh 

U.slwd 1'ithout sacrificing LmgLtudLn;Jl attenuation. This can be achievt>d 

:,y usjng 1-1c ll anchored cables running in a strc.dght line along the out-

:d de of the 111odules, \vi th ove rl app i.ng, hinged plywood panels outside 

d;pse c~~les to provide the required lateral strength and stability. A 

s~~ilar re~irectional system i~ in use on the HI-DRO Cushion and has 

pecforrncd satisfactorily on that type of barrier. 7 
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TEST 505 B-A 

Hir;h-Speed Film Jlata 

Time Displacement Time Displacement 
~lj_l_Lis econc1 s)__ __ (_f_ee t_L __ !~l_l_Jj__i_ s_ec: on cl_s )_ _____ ( f cet )__ __ 

--48.0 -4.0 (continued) 

--36.0 -3.0 200.0 1 3. 6 

-24.0 -2.0 250.0 14.6 

-12.0 -1.0 'lOO.O 16.0 

0 Impact 0 350.0 15.8 

20.0 1.6 400.0 15.6 

50.0 4.0 450.0 15.3 

60.0 4. 7 500.0 15.1 

80.0 6.2 600.0 14.6 

100.0 7. 6 700.0 14.1 

120.0 8.9 800.0 13. 7 

140.0 10.2 900.0 ] 3. 3 

160.0 11.4 1000.0 13.1 

180.0 12.6 1400.0 13.0 
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TABLE A2 

TEST 505 B-B 

High-Speed Film Data 

Time Displacement Time Displacement 
(milliseconds) (feet) (milliseconds) (feet) 

-30.0 -2.6 (continued) 

-20.0 -1. 7 160.0 10.9 

-10.0 -0.9 180.0 11.7 

0 Impact 0 200.0 12.3 

10.0 0.9 220.0 13.0 

20.0 1.8 240.0 13.7 

30.0 2.6 260.0 14.5 

40.0 3.4 280.0 15.2 

50.0 4.2 300.0 16.0 

60.0 5.0 320.0 16.8 

70.0 5. 7 340.0 17.6 

80.0 6.4 360.0 18.4 

90.0 7.1 380.0 19.2 

100.0 7. 7 400.0 20.0 

120.0 8.9 420.0 20.9 

140.0 10.0 
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TABLE 1\3 

TEST 505 B-C 

High-Speed Film Data 

Time Displacement Time Displacement 
(milliseconds) (feet) _(mil_liseconds) (feet) 

-50.8 -3.4 (continued) 

-40.6 -2.8 101.5 6.0 

-30.4 -2.1 121.8 6.9 

--20. 3 -1.4 142.1 7.8 

-10.2 -0.7 162.4 8.5 

0 Impact 0 182. 7 9.1 

10.2 0.7 203.0 9.7 

20.3 1.4 223.3 10.2 

30.4 2.0 243.6 10.6 

40.6 2.7 263.9 11.0 

50.8 3.3 284.2 11.2 

60.9 3.9 304.5 ll.5 

71.0 4.4 324.8 11.6 

81.2 5.0 345.1 ll. 7 

91.4 5.5 365.4 11. 7 
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TEST 505 B-D 

High-Speed Film Data 

Time Displacement Time Displacement 
~lJ_iseconds) _ (fee_tj___ (milliseconds) (feet) 

-49.7 -4.1 (continued) 

-41.4 --3.4 216.7 14.4 

-33.2 -2.7 236.4 15.2 

-24.9 -2.1 256.1 15.8 

-16.6 -1.4 275.8 16.2 

·- 8.3 -0.7 295.5 16.7 

0 Impact 0 315.2 17.2 

9.8 0.8 334.9 17.6 

19. 7 1.5 354.6 18.0 

29.6 2.3 374.3 18.3 

39.4 3.1 394.0 18.8 

49.2 3.8 413.7 19.2 

59.1 4.6 433.4 19.7 

69.0 5.3 453.1 20.1 

78.8 6.1 512.2 21.6 

88.6 6.8 571.3 23.1 

98.5 7.5 630.4 24.8 

118.2 8.8 689.5 26.4 

137.9 10.2 748.6 28.0 

157.6 11.4 807.7 29. 7 

177.3 12.5 866.8 31.3 

197.0 13.5 925.9 32. 7 
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TABLE AS 

TEST 505 B-E 

High-Speed Film Data 

Time Displacement Time Displacement 
_l]_iseconds) (feet) (milliseconds) (feet) 

-48.6 -4.1 (continued) 

-36.4 -3.1 97.2 7. 2 

--24. 3 -2.1 121.5 8.6 

-12.2 -1.0 145.8 9. 7 

0 Impact 0 170.1 10.6 

12.2 1.0 194.4 ll. 2 

24.3 2.0 218.7 11.7 

36.4 3.0 243.0 12.1 

48.6 3.9 267.3 12.3 

60.8 4. 7 291.6 12.4 

72.9 5.6 315.9 12.3 

85.1 6.4 340.2 12.2 
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TECHNICAL MEHORANDUM 505-2 

Texas Transportation Institute 
Texas A&M Research Foundation 

TOR-SHOK ENERGY ABSORBING PROTECTIVE BARRIER 

A Tentative Progress Memorandum on Contract 
No. CPR-11-5851, U. S. Dept. of Transporta
tion, Federal Highway Administration, Bureau 

of Public Roads 

by 

T. J. Hirsch, Research Engineer and Principal Investigator 
Structural Research Department 
Texas Transportation Institute 

The oplnlons, findings, and conclusions expressed in this report are 
those of the author and not necessarily those of the Bureau of Public 
Roads. 

July 31, 1968 

INTRODUCTION 

F.88 

From November 14, 1967 to January 10, 1968, the Texas Transportation 

Institute conducted four full-scale vehicle crash tests on the TOR-SHOK 

energy absorbing highway protective system which was developed by Aero-

space Research Associates (ARA), Inc., of 2017 West Garvey Avenue, \-Jest 

Covina, California. This Technical Memorandum is being written to provide 

some of the technical information and crash performance of this vehicle 

impact attenuation system. 

Included are photographs of the vehicle and barrier before and after 

each of the four crash tests. Also included is a summary of the high 



speed motion picture film data taken of tte tests, giving the vehicle 

impact v2locity, average deceleration, peak deceleration, stopping 

distance, etc. (see Appendix !3). In addition, a summary of the 

electromechanj cal ins t rumcnta t i•m cla ta whj_ch was collected during the 

tests is included (see Appendix B). 

BARRIER DESCRIPTION 

F.89 

The TOR-SHOK ent:rgy absorbing barriec- \vas developed by ARA, Inc. 

under a contract \vi th t!Je Bureau of Public Roads. The barrier was 

fabricated, delivered, and installed by A~A, and t!Je vehicle crash tests 

were conducted by personnel of the Texas Transportation Institute. This 

highway protective system (sec Figure 1) is constructed of high strength, 

lightweight steel tubes \·Jh i_ch are supported from the fixed object by a 

number of TOR-SHOK att<:·nuators (detailed description given in Appendix 

A). At impact, the prot-ective barrier tubes transmit the impact forces 

axially to the cylindrical TOR-SHOK arms which contain a large number 

of stainless steel "torus" elements Lbat are squeezed between tHo cylin

drical tubes. At impact these "torus" clements absorb the energy by 

rolling betHeen the cylinders. Eight of thE' t1velvc TOR-SEOK anns are 

acting in tension while four others are ~cting in compression. These 

TOR-SHOK arms exE'rt a .stopping force on tiL' vc'hicle as the barrier 

deforms under the vehicle coU L-;L•ll. 

Supplementary data Oil u-,,-• 1\FZ--SHOK l!ECrgv absorbing system is pre

sented in Appendix A. Thi_~, info•Tla'_icn ,,•,ls provided by ARA, Inc. 

DraHings I\1450 and Blit49 in Appendix ,\ s1lll\·J thE' dimensions and confi-

guration of the barrier tcstc·d. 'l'ablc· 1 :ln Appendix A gives a summary 
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of the characteristics of the TOR--SHOK barrier. The barrier tested by 

TTl l10J a nose angle of ]5°, a nose radius of 31 in., and the weight of 

the tubular nose was 845 lbs. 

TEST PROGKAH 

A brief description of tl1e fmu crash tests conclucted is given in 

Table 1. Test 2A was a head-on impact with a 4600 lb vehicle going 

at a relatively slow speed, 34 mph. Tests 2B and 2C were both head-on 

impactsat relatively higb spP(:~ds:> 54 mph and 60 mpb, rcspecti'IeJ ~~n 

Test 2B, a lightweight vehicle weighing 2520 lbs was usl:'d, ,,-Jlile in 

'lest 2C a bea'oy vehichc vreigbing 49if0 lbs was used. Test 2D "as 

ir;;pacted at an angle of 30° with the longitudinal axis of the barrier 

vehicle weighing 5000 lbs and traveling at a speed of 

JU mph. 

T£ST 2A RESULTS 

Figures 1 through 4 show the vehicle and barrier before and after 

impact for Test 2A. Figure 5 shows an idealized stopping force which 

the TOR-SHOKs will exert on the impacting vehicle during a head-on 

collision for various l)drrier Jpformat ions. TfJis force-deformation 

ctcrve was developed using data pr,c'sentecl in Appendix A. Table 2 pre-

sents a brief summary .Jt the test. rL'Sults for the head-on impact. It 

can be seen chat the 460CJ lb veidcle i" TE•st 2A deformed the barrier 

4.48 ft. The maximum TOR--SllOK st:c•p['in~; £:-'tee was thus approximately 

48 kips. From Table 2, it can be seen that the TOR-SHOKs absorbed 

163 kip-ft of the vehicle kinetic energy (approximately 91%). The 
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average deceleration during this impact \vas 6.6 g's, and the maximum 

significant deceleration was approximately 13 to 14 g's. This average 

deceleration was obtained from an analysis of the high speed movies. 

A more complete summary of the crash test data gathered from the high 

speed film and electromechanical devices is presented in Appendix B, 

Table lB. 

An analysis of the crash test results and the photographs pre

sented in Figures 1 through 4 indicate the following conclusions 

concerning Test 2A: 

1. The ARA TOR-SHOK barrier performed as designed. 

2. The vehicle damage was relatively minor. 

3. The barrier damage was relatively minor. Minor maintenance 

was required; however, the barrier nose and TOR-SHOKs were 

reusable. 

4. The deceleration level was considered moderate. 

Table 3 presents a comparison of the ARA TOR-SHOK impact performance 

with a "rigid" barrier impact. If the /+600 lb vehicle used in Test 2A 

had struck a "rigid" wall, the estimated maximum deceleration would 

have been 30.8 g's; and the estimated average deceleration, 19.6 g's. 

Using these maximum and average decelerations of a "rigid" barrier 

impact, the maximum and average decelerations from the ARA TOR-SHOK 

impact can be compared by taking a ratio \vh.ich \V.ill be de£ .ined as 

Attenuation Index (AI). From Table 3, it can be seen that the Attenua

tion Index for Test 2A ranged from 0.34 to 0.44 for the average and 

maximum deceleration, respectively. Tbis Attenuation Index is presented 
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TABLE 1. 

BRIEF DESCRIPTION OF TEST PROGRAM 

ON ARA TORSHOK BARRIER 

Test Number 2A 2B 

Angle of Attack Head-on Head-on 

Vehicle Weight (w) 4600 lb. 2520 lb. 

Speed (V) 34.1 mph 53.5 mph 

Kinetic Energy 179 Kip-ft 242 Kip-ft 
of Vehicle (K. E.) 

* 

2 c 

Head-on 

4940 lb. 

59.4 mph 

* 582 

F.92 

2D 

30° 

5000 lb. 1 

49.9 mph I 
418 Kip-f1 

Note: The ARA Torshok Barrier was designed to stop a 4000 lb vehicle 

traveling at 60 mph (88 fps). The max. design kinetic energy was 

thus 482 Kip-ft. The vehicle in test 2C exceeded this design 

energy by 21%. 
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for comparative purposes only. It in no way indicates whether the 

vehicle crash was survivable or would inflict minor or severe injuries 

to the occupants of the vehicle. This Index indicates that this col

lision was about 34 to 44% as severe as a rigid barrier impact. 

TEST 2B RESULTS 

Figures 6 through 9 show the TOR-SHOK barrier and 2520 lb vehicle 

before and after the 53.5 mph collision. The test results presented 

in Table 2 show that the barrier deformed 5.33 ft. Referring to 

Figure 5, it can be seen that the maximum TOR-SHOK stopping force 

exerted on the vehicle was 69.6 kips. The total energy absorbed by 

the TOR-SHOKs was approximately 210 kip-ft (87% of the vehicle kinetic 

energy). The average deceleration during this impact was 12.3 g's. 

The maximum significant deceleration on the vehicle was 26 to 27 g's 

as shown in Table 2. 

The conclusions which can be dra\vn from this test are as fu1lo\vs: 

1. The AR.A. TOR-SHOK barrier perfl,rmed as designed. 

2. The vehicle damage was severe (note Figures 7 and 9). 

3. The barrier damage >Vas minor, and the nose l'lc"ment anrl TOR-

SHOKs were reusable. 

4. The deceleration level produced on this light~;;eight vehicle 

was considered severe. 

Referring to Table 3, WC' can compare this c'\RA TOR-SHOK impact 

performance viitlt a rigid barri,_:r irnpccct. If the vehic~ce i.n T"'st_ 2B 

had hit a rigid barrier, the maximum deceleration \-mu1c1 ilaV<' l;r_''-'11 

F.93 

about 48.5 g's, and the average deceleration about 31.0 g's. Comparing 
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TABLE 2. BRIEf SUHt-lARY OF T[ST RESULTS 

f -:;,~~~~~:!BER 1 2A 
----

-v -- 2B 
I 
i 

·------f--- --
! 

2C 2D -1 

cf-1 rnro~;~ 
I ----------------t-----

i Angle of Attack j Head-on 1 Head-on 

I 2520 lb 

Head-on 30° lingle 

5000 lb 

73.3 fps 

l. 83 ft 

12.13 ft 

Vehicle Weight (W) 

Vehicle V~locity (V) 

Vehicle JJefonnation 

Barrier Deformation 

Max. TOR-SHOK Stopping 
Force (F) 

Energy Absorbed by Torshoks 

Max. Significant Decel
eratioo 

Avg. Deceleration (film) 
(6V ~ Tg) 

Remarks: l. 

., 
Lo 

3. 

i+. 

14600 lb 

I 78.8 fps 
I 

4940 lb 
I 

50.0 fps 

l. 42 ft 

4.48 ft 

48 kips 

I 
jl.88 ft 
I 
i 5.33 ft 
I 
I 69.6 kips 
' i 

163 kip-ft (91%) 1 210 kip-ft (87%) 

13 to 14 g's 

6.6 g's 

Performed as 
Designed 

126to27g's 

I 
I I 12.3 g Is 
I 

I 
I Perfonned as 
1 Designed 

87.1 fps 

l. 7 5 ft 

11.12 ft 

69.6 kips 

361 kip-ft (62%) 

20 to 21 g's 

9.9 g's 

Performed as 
Designed 

28 to 30 g's 

18.1 

l 

g's 

Unsatisfactory 
Performance 

Vehicle Damage j Vehicle Damage ! Vehicle Damage I Vehicle Damage Se-
Minar j Severe I Hoderate vere 

I 

I
' Barrier Damage I Barrier Damage 1 Barrier Damage I Barrier Damage 

Minor, Reusable,. Minor, Reusable i Severe, No:>t I Severe, Almost 
I 1 I Torshoks not 1 Total I oss 

1 Repairs Reqtnred 

I 
I 

1 

Reusable, 'lajor l 
Deceleration I Deceleration t' Deceleration Deceleration Lev- 1

1 l Level Hoderate Level Severe Level Moderate el Severe 
1 ------------------------ -~--- --------~-- ------------ -~~ ----~-----

"1 
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TABLE 3. COHPARISON OF ARA TORSHOK TNPACT 
PERFORMANCE WITH RIGID BARRIER IHPACT 

f:'"~ Numbec ·---

I Vehicle Weight 

j Vehicle Velocity 
! 

Comparative Rigid 
Barrier Impact 

--- ------------~--

-----1-2-A____ ~--~-----
4600 lb ~ 2520 lb 

34.1 mph I 53.5 mph 

·-·- ------·-- ---· 

2C 

---------·-----

4 940 lb 

59.4 mph 

1

1 

Estimated Maximum 30.8 g's 48.5 g's 53.5 g's 
Deceleration* (G ) 

1 max 

I Estimated Average 19.6 g's I 31.0 g's 34.1 g's 1 

I Deceleration'" (G ) \ 
I avg I I 
, Attenuation Index I I 

F. 9') 

2D 

5000 lh 

49.9 mph 

44.8 g's 

30.6 g's 

.65 i Afmn ~ ::: ~~~;~ob j_l .44 I ·55 ~~ · 38 I 

I Alavg ~ :~: ~~~~~oks . 34 J . 40 . 29 I 
!________________ ------- ______ _j_ ________ 1-----

*Estimated Maximum Deceleration 0.9 \-

Estimated Average Deceleration 0. 57!, v 1 

vlhere v is in mph. 

1'-eference: Err.ori, Richard I., "Analytical Approach to AutomoLiv~· 
Collisions," SAE Paper 680016, Auto. Engr. Congress, 
Detroit, January 8, 1968. 
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these figures with those obtained in Test 2B yield an Attenuation Index 

of 0.55 considering the maximum g forces, and an Attenuation Index of 

0.40 considering the average g forces. This comparison shmvn in Table 3 

indicates that the impact forces in Test 2B were from 40 to 55% as 

severe as those that would have been obtained if the vehicle had struck 

a rigid barrier. 

TEST 2C RESULTS 

Test 2C was a head-on collision by a 4940 lb vehicle which was 

traveling at 59.4 mph. In this test, the vehicle kinetic energy 

exceeded the design energy of the ARA TOR-SHOK barrier by 21% (see 

Table 1). Since the kinetic energy of the vehicle in Test 2C was 580 

kip-ft, it was anticipated that the energy absorbing capacity of the 

TOR-SHOK arms (361 kip-ft) would be used up; and consequently the arms 

would be broken or buckled, and the vehicle would penetrate far into 

the barrier. Figures 10 through 13 show the TOR-SHOK barrier and 

vehicle before and after the collision. 

From Table 2C, it can be seen that the barrier deformed 11.12 ft. 

The maximum TOR-SHOK stopping force was 69.6 kips. The energy absorbed 

by the TOR-SHOKs was 361 kip-ft (about 62% of the vehicle kinetic 

energy). The additional energy of the vehicle was absorbed by breaking 

and buckling the TOR-SHOK arms and by the vehicle deformation during 

the collision. The maximum significant vehicle deceleration \vas 

approximately 20 to 21 g's. The average vehicle deceleration was 

9. 9 g f s. 
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test: 

In summary, the following conclusions can be drawn concerning this 

1. The barrier performed as designed. 

2. The vehicle damage was moderate (see Figures 11 and 13). 

3. Damage to the TOR-SHOK barrier was considered severe. Most of 

the TOR-SHOKs were buckled and bent, and consequently not 

reusable. Major repairs and replacement of components were 

required. 

4. The deceleration level was considered moderate. 

F.97 

To compare this ARA TOR-SHOK impact performance with a rigid barrier 

impact, refer once again to Table 3. If the vehicle used in Test 2C 

had struck a rigid barrier, it can be seen that the estimated maximum 

deceleration would have been 53.5 g's, and the average deceleration 

35.1 g's. Computing the Attenuation Index yield 0.38 and 0.29, respec

tively. This indicates that the severity of the TOR-SHOK barrier impact 

was from 29 to 38% as severe as that which would have resulted from 

striking a rigid barrier. 

DISCUSSION OF HEAD-ON TESTS 

To further analyze the head-on impact performance of the ARA TOR

SHOK barrier, Figure 14 presents a comparison of the Attenuation Index 

with the vehicle weight. From Figure 14, it can be seen that for heavy 

vehicles around 5000 lbs the Attenuation Index varies from about 0.29 

to 0.38. For a 2500 lb vehicle, a lightweight car, the Attenuation Index 

is seen to vary from about 0.40 to 0.55. This comparison indicates that 

the TOR-SHOK barrier is more effective as an impact attenuator for 

heavy vehicles than it is for lightweight or compact vehicles. 
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TEST 2D !ZESULTS 

In Test 2D, a 5000 1 b vchic le struck the /IRA TOR-.SHOK barrier ilt :Jn 

angle of 30° from the longitudinal axis at a speed of 4'1.9 mph. Figure'S 

l S thr:,ugh 19 slJLllv the vehicle and TOR-SHOK barrier before and after the 

rotated from the path of the vehicle and al1DvJed th0 ·~ehi( lr' to strik·' 

the d!;id ]YJSt. The TOR-SHOK arms 'vCrl' not activated prr11JerJy, anJ 

was approximately S.J "':c;. 

backup post. 

test: 

30" angle of impact. 

3. Damage to the TOR-S!IOK barci_er lv<'S qui_te scvcrEc. "1ost .~11 t:Oc' 

fC?.-SHOKs lvere dam<1ged beyond repair and we-re' ncJt rce-l''d!l e. 

l c' 1();'-SI.,CK nos<" piece was almost totally destroyed. 

Table 3 compar-'s tCJ•' rig.:.cl b;-L-LLe•· ma:<itTllJm de<'eler'1tion of 44.8 g'.s 

It_ C2t1 br: St:el' L!;C1 t 

ll 
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the Attenuation Index is about 0. 65 when the maximum values are co:1n-;etred. 

The Attenuation Index based on the average g's is seen to be about 0.27. 

This average g Attenuation Index may be misleading since an analysis ,1f 

the high speed film data shows that the vehicle was still traveling at 

:Jbout 40 mph \o/hen the nose angle and vehicle bottomed out and collided 

with the vertical backup post. This severe impact near the end of tile 

crash is wl1at caused most of the damage to the vehicle and was very 

•;evere (about 65% as severe as a rigid barrier collision). 

Su;'>l.'1ARY AND CONCLUSIONS 

The following general conclusions can be drawn from these four 

.,,,;, Lcle crash tests: 

ll•'c~d-(ln Collisions 

(1) n head-on collisLons, the ARA TOR-SHOK barrier performed as 

anticipated by t~~ design. (2) Reasonable impact attenuation ce~n be 

realized when the barrier is struck by heavy vehicles (say 4000 lb or 

~ore in weight). (3) Quite severe deceleration levels will be obtained 

l.vhen the barrier is struck by lighter weight and compact vehicles. 

(4) When the kinetic energy of the vehicle exceeds about 425,000 ft-lb, 

ccmsider2ble damage to the barrier and TOR-SHOKs can be anticipated. 

(1) For the angle collision used in these tests, the performance 

of the TOR-SHOK barrier was unsatisfactory. :'-lodification of the barrier 

design to minimize or correct this deficiency is being made by t!te 

designers. Angle impact tests on the modified design arc anticip~ltcd 

in the near future. 
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FlClJRE .3. VEI!JCLE EEFORE COLLlS10N, TEST 2A. 
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' Barrier Oef. Test 2C l 
.,.___---~-~. 

Oef. Test 2B 

/Stage 2 ~ 
(120 kip-fl.l;~ 

~~.kl~~-
/ 

67 kip-ft.) 
Reusable Energy Absorbing') 

Capacity approx. 361 kip-):;:! 

If Barrier Deform at ion ~ 
does not exceed 7. 5 ft. 

4 6 8 

BARRIER DEFORMATION- ft. 

Torshok 
1 arms will 

I break and I 
I buckle after I 
7.5 ft. def. 
I 

\ / 

I 

12 

FIGURE 5. IDEALIZED ARA BARRIER TORSHOK 
FORCE- DEFORMATION CURVE FOR 
HEAD-ON VEHICLE IMPACT 
(Skid friction forces and inertia forces 

ore not included. Curve developed from 

data presented in Appendix A. ) 
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FIGURE 8. VEHICLE B!:FC•Ei: ( OU fS IO~;, 
TEST 2B, L9 7 M l , 

FIGURE 9 • VUJI 
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FIGURE 12. VEHICLE BEFORE COLLIS10N. 
TEST 2C, 1960 BUICK, 
1.~EIGHT 4940 LB. 

FIGURE 13. VEHICLE DAHAGE. VEHICLE 
DEF0Rl'1ATION 1. 7 5 FT., 
BARRIER DEFORHATION J 1.12 FT. 
TEST 2C. 

] 9 
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FIGURE 14. COMPARISON OF ATTENUATION 
INDEX OF ARA TORSHOK 

BARRIER WITH VEHICLE 

WEIGHT. 
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PIGURE 15. TORSHOK BEFORE COLLISION. 
TEST 2D. 

fOA$ TRANSPORtATIONWSJ'TflHE 
PROJEt.T tifSOS-20 

FIGURE 10. TORSHOK AND VEHICLE AFTER COLLISION. 

INITIAL VEHICLE VELOCITY 49.9 :NPH, 
STOPP!NC: DISTANCE 14.0 FT., 
AVERAGE VEHICLE DFoCELERATTON 8.1 G'S. 
TEST 2D, 30 ° ANGLE HlP ACT. 

21 
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FIGURE 17. VEHICLE BEFORE COLLISION. 
TEST 2D. 1957 CAD., 
tV:EIGHT 5000 LB. 

FIGURE 18. VEHICLE DA'1AGE. VEHICLE DEFORHATION 1. 83 FT . , 
HARRIER DEFORNATTON 12.13 FT . 

..... 

FIGURE 19 . HARRIER DAHAGE. BARRIER DEFORHA-
TION 12.13 FT. , BARRIER ALHOST 
TOTAL LOSS. 
TEST 2D, 30° ANGLE IHPACT. 

22 
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APPENDIX A 

Supp lemen tary Data o n TO R-S HOK 
Reusab le Ene rg y Absorbing 
Highway Pr otecti ve System 

Recently, ARA, Inc. has desi gned , fobricote cJ , and cra sh tested on imp roved 

TOR-SHOK barr ier for th e Bureau of Pub li c f<oods. In addition, a sys temat ic para
metric variation o f TOR- S HOK dimen sions to mee t fixed ob ject abutment d imensions 
was also mod e . The purp ose of this brief bro chure is to prov ide you with the resu lts 

of this valuable study . 

GENERAL DESC RIPTION OF TO R- SHO K BA RR IE R 

F .110 

A detailed design drawing of a typical TOR-SHOK barrier w hich has recently 
been tested successfully at Texas A & M Unive rsity is provid ed in Figures 1 and 2. 
Basica ll y, the bonier consists of a series of e llipti cal tubing (4" x 7") with a w a II 

thickness of . 065". The barri er is connected w ith 4" round tu b ing which, as vertical 
members , tra nsmit the loaJs from the e lliptical tubing to a set of TOR-SHOKs that pro

vide the princ ipal source o f energy absorption. For the configura tion shown in Figures 
1 and 2, twelve TOR -SHOKs are used. Four are used in front ( in compression) and 
eight are used in the rear ( in tension ). This arrangement has been found to be desir

able for reducing the bending moments in the e lliptical guard-rail tubing as well as 
providing rotational stabil i ty of the barrier when the impact is not head -on. Each 
TOR-SHOK consists of four telescoping tubes which provide three different but suc
cess ive loading conditions. The lowest load exp er iences initial movement and strokes 
until the stage is completely bottomed out at which time the next stage initiates its 
stroke; fino lly, the ba rrie r displaces unti I a II three stag es ore camp letely botto med 
out. 

In orde r to pro v ide a smoo th planing surface, th e barrier is supp orted by three 
skids as shown in Figures 1 and 2. Th ese skids also make use of the TOR-S H 0 K 
principle such that for relati ve ly rough surfaces, the barrier strokes downward on the 
sk ids rather than destro y ing the ski ds due to excessive bending momen ts caused by 
the Iorge coefficients of friction between the skid and the ground surface. 

Although in Figures 1 and 2, use is made o f four posts to simulate the fixed 

abutment, the abutment itself can be us~d to reac! a~~!_ !che twelve TOR-SHOKs. 
The location of th ~ four posts cco~s~qu~ntly represent thCec cr(ti7:c;! --d;;-~~~s~i-;~~~-
abutment for determining th e compatability of the TOR-SHOK barrier geometry. 

The main pa ra me ter of the abutment appears to be its width since its height 

and length can invoriably be accommodated by an adapt er frame which must be re

quired to transmit the loads from the TOR-SH OK's "ball joint" fitting s to the fixed 

abutment. Consequentl y, a detailed parameter analysis of T 0 R- S H 0 K barrier 

Al 
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configurations was made as o funci1cr,, of fixed ob~,,;cnec;t wru::' for a yiv"":-, ottocl·r'rE''il 

distoncc of 48" froM the front of the fi>.ed abc·tn~er:'. 

PARM.A.ETR!C DESIGI'J DATA FOI~ TCW--SHC~: BAJi:-:u; 

The configurotion st:;dies for the TCW-c·HO!< IXlrric:· were :node ba;eJ on sin~1 

elliptical type IL'bing f·,avirlg a mi,1imur:1 yield srrer1•::ti :;; 100, CJi)::J Fe;. Ti;is ,,:rotc· ;c\ 

is available at lov.' cost ord provicl':i fo~ a lic:ht-ll':'is;!:t TOi;-~HU~ :,mri·~r, :,·~ce 

it is difficult to establish the types ~or uhJtrnu1tc ihc:t ere rn.)st applicable, Af<A, inc:. 

has taken it upo11 itself to develop a detailed parcrnetric an'll)sis of the TC 1\-SHOI< 
barrier over a rar:ge cf nose or~sjles \,i1ict1 \Vc;'_,\d ·~ -:-eprc:b! r~r~[v f~-CJ~;~ :.:1 n-· 

figuration standpoint, but also from a rnanufac!l)l'!ns1 PCl'lt r view. All 0 t ti 
calculations fo1, the preliminary cmoly;is vverr- bosc'd Ci'l a .)1'' r•c•:oe rndius wl:icl, can 

be monufactured readil/ and ''Gti;fies n;ost C"lfiSl'JrctiC'r·: ''2CJc.!r(.rr:1en1o .. ·p,~, d•:toi!s 

of the calculotions ore not provided her,;;in, but t 1;ei' rcs,_!l~s ure clea'iv shown;,, 

Figures 3A through 3F, inclusive, wherein n.Jse cngk 'Wriations were mode fr0'1i 

0° to 25°. For oil of the cases con,idc>reu, the nurnt:er of ~._Jb,,s were varied From 

the nose to the reCll section of the guard--·rn;i (os s~"'' 1 in tl,e ures) to accommo

date the variation in bending moment such that the stresses ren'cin reasonob:y con

stont. From an onalysis of the r·esults show:1 'n Figures 3A to 3F, it is c.lec: that 

there are many factors to be considerecl i:' selectinq H-.,, optimum design or the 

optimum configuration for a particular appiicctirY' ;.-, cr-Jer t-, ptc·viae Gdditi,:rJ-

al detoils of the performance characteristics of the fOR-SHOK harrier, TABLE 

wos prepared. The calculations are rnode on the bcsis thct the input ene~gy i~. 

equivalent to arresting a 4,000 pound vt>fci,:lc impacting ct 60 rnph. lr must 

also be understood thot for this condition a certoin amount of ener:J:' wli! be 

absorbed by the vehicle since it cc;r1:;or ,.;mcic, cc•~ncietely intoct during the 

impact. Based on the crash tests co:1Jucted 5tder Cf:?-11-4629 1 the borrier 

absorbed approximately 72°'o of the ererg·, F<: i~s o' TABLE I ;"d:co•e 

that variations in cbutment width con best I,.;; occcn1modoted by- voryi11g the 

nose ongle for a given nose rodius of 31 inches. I• is olsc-, clear thor the energy 

absorption remoins fairly constant over the ronge C'' nose on'Jies frorn 0° to 25°. 
However' the weight of the bar·rier has CJ oefinittl ie;,denc; to incrpase OS t!w 

nose angle is increased beyond 10° to 15C1. The r:·rimo:·y reaso:1 for this' equire

ment, is that os the nose angle is increased, the inertia \coding he::ome> g'eoter 

in a direction to couse severe bending moments i'l +E~ ''·OSe section of th:' burrier 

which must be accommodoted by increasing the strv: t;Jra I copof:; I i ty ,-,f the lXir

rier tubes and consequently the weight of the barrier·. ?eview cf 1.A 2>l.E l olso 

indicates that the looding in eoch of the TOiz-5HOK attenuatnr·s nre consisrent 

for the front, middle, and rear attenuotors, as well oo hr the:· first, ;:cc-.H~d and 

third stoges. Note, however, that as the nose angrc,' i'KreasE"' ti"' !Pr,gth ·-.:f t::e 

TOR-SHOKs for the middle ond the rcc;r· fwcorne q:::te Iorge ir· o•dror r·s·tnir• 

reasonable stresses in the nose section of the elliplic:-Ji td:.e>. T1 e odd;tiGnnl 

cost due to an increase in TOi<-SHOK kr'~iths is +u iw,o tf an t''c .:o:;t ;)r i,ig!rer 

yield strength elliptical bau:c:r tubes 
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In order to illustrate the si gni ficant re sults of the detailed info rmation given 
1:1 TABLE I, Figure 4 was prepa red to summarize the results of the parametri c study 
involving the to -1 we ight of th e barrier, its rela tive cost, and the energy absorp
t ion capabi lity c the bar1·ier. The results are shown in Figure 4 for the case of an 
e ll iptical tubing with a y ield s trength of 100,000 psi, as well as for comparison 
purposes, barrier tubes with a y ield strength of 150,000 psi. (For the preliminary 
design shown in Figures 1 and 2, the configuration is noted to be a high-stress 
nose section which for this case corresponds to the y ield stress of 150,000 psi. ) 
Exami na tion of Figure 4 indicates that in general, the e nerg y absorpt io n capabi 1-
ity of the barr ier re mai ns fairly constant; however, the relativ e cost tends to in
crease sli ghtly up to app roximately a 20° nose a ng le . Beyond this nose angl e , 
the weigh t and the relative cost start to increase rath e r rapidly. If the weight 
is a probl e m beyond 25°, it is recommended that in order to keep the weight 
below a prescribed value, say 800 pounds , then a high-stress material for th e 
barrier tubes must be used. To illustra te this effect, a weight comparison is 
shown in Figure 4 at approx ima te ly 15° a nd 25° nose angles for the two yie ld 
strength barriers selected. Although the advantages of a high yield stress are 
obvious , the add endant increase in cost is also obvious as shown in Figure 4. 
Thu s, it appears tha t up to 25° of nose ang le, it is recommended that unless 
unusua l circumsta nces are war ranted, the TOR-SHOK barriers can be designed 
ade quately with e!liptica l type tubing havi ng a yield stress of app rox imately 
100,000 psi. 
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NOSE ANGLE (DEGREE) 

ABUTMENT WIDTH (INCHES) 

INITIAL Front 

LENGTH I ( INCHES) M iddle 

Rear 

a::i Front 
_j FIRST 

' w 
STAGE Middle 

~ Rear 

0 
LL.. 

SECOND 
Front 

n:: 
0 

STAGE Middle 

~ Rear 

:J 
z Front 

w THIRD 
f- STAGE Middle 
f- r-------
<( I Rear 

I Front 

FIRST 
STAGE Middle 

z 
- Rear 

Front 
w SECOND 
:::c: STAGE M iddle 
0 
n:: Rear f-
<.f) 

Front 
TH IRD 
STAGE Middle 

Rear 

Front 

z FIRST 

- STAG E Middle 

-
::r: Rear 

f- I Front l.9 
z SECOND 

w STAGE Middle 
_j 

Rear 
w 
l.9 Front 
<( THIRD 
f- STAGE 

Middle <.f) 

Rear 

ENERG Y ABSORPT ION (%) 

TOTAL WEIG HT (LB.) 

TABLE I A 

SUMMARY O F PERFORMANCE CHARACTER ISTICS 
FOR TOR-SHOK BARRIER I NOSE SECT ION) 

FOR 4000 LB. VE HICLE AT 60 MPH 

( ~= 100,000 psi ) SYS TEM 
TESTED 

0 5 10 15 

24 36 46 50 

I ':: ::j 144.25 143.75 I 141. 25 

51.50 52. 125 76.00 
-----;-

52.00 53. 25 55.00 78.00 

1600 1600 1500 1500 

2600 2600 2500 2600 

·2600 2600 2500 2600 

2600 2600 2500 2600 

4200 4400 4800 4700 

4200 4400 4800 4700 

4200 4400 4800 4700 
---· 

5900 6700 7400 6350 --- -------~------ ---------
5900 6700 7400 6350 

33.00 32.00 32.00 31.00 

31.00 28.625 31. 125 29.75 

31.25 29.50 30.125 29.25 

32.00 32.00 32.00 31.00 

31.50 32.50 30.75 29 . 875 -
31.50 31.50 29.625 29.3/5 

30.50 31.00 28. 125 30.50 

29.375 31.00 29.625 31.875 

29.25 30.75 29.75 31.875 

Ill. 25 Ill. 75 109.25 110.25 

82.50 80.75 83.625 105.75 

83 . 25 82.75 85. 125 107.25 

79.25 79.75 77.25 79 .25 

114.00 113.25 114.375 135.625 

114.75 114.25 114.75 136.625 

48.75 I 48.75 48.75 I 48.75 ------ ---.... .. - ------- --·---
143.375 144.25 144.00 167.50 ··-

144.00 __ ,____. 145.00 144. 50 168.50 

72.9 77.2 79 76.6 --1------
798 794 794 845 .. 

A7 
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20 25 

52 54 

140.75 140.75 

91.875 92.875 

94.375 95.25 

1500 1500 

2500 2500 

2500 2500 

2500 2500 

4000 4500 

4000 4500 

4000 4500 

6450 6800 

6450 6800 

30.00 30.00 

28.75 27.75 

28 .375 27.50 

31.00 31.00 

28.875 25.375 

27 .875 24.375 

31.00 31.00 

32.875 35.375 

32. 875 35.375 

110.75 110. 75 

120.625 120.625 

122.75 122 .75 

79.75 79.75 

149.50 146.00 

150.625 147.125 

48.75 48.75 
f-· 

182.375 181.375 

183.50 182.50 

76.5 76. 5 

897 1122 
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Fig. ( 4 ) Parametric Study of TOR-SHOK Barrier (Nose Section) 
for 4000 lb. Vehicle at 60 mph 

with a; = 100,000, psi 
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TABLE lB.- SlX'\ARY OF CRASH TEST DATA FRD:-1 HIGH-SPFED FlU! A:'JD ELECTROHECHA:\ICAL 
Dl'iiCES FOR AP0. TORSHOK BARRIERS, RF505-2A, 2B, 2C, and 2D. 

-- -[~1~9~5:,-=0l: s :· -4~;.= ~--~J-5~=~~: t ;:~~~~+~- 1~9~~-B u ~=c~=;·;.- [~1~9:5~7~-~~a:~.-~=~~;=-
1 "--' ~'"" 11-... c ... 1 t.n:.n 11- .. I 

TEST NUIBER 

VEHICLE 

iL\JGLE OF I:v!PACT 

FIL~1 T :-.:A 

!velocity (mph) 
Velocity (fps) 
Velocity Change (mph) 
\~el:;c-Lt:.' ( e ( 

1

Average ~lece]eratiun (g 's) 
Peak Deceleration (g's) 
Duration of Impact (sec.) 
Stopping Distance (ft.) 

ELECTRmiECBAw.'-JICr\L DATA 
·-----~---~---~----

Peak Deceleration (g IS) 

Frame Accelerometer 
Dumny _-\ccelerometer 

0° l ------ --------- --- --- -------·- -------·1------- ----------------- - -----------··- ·---------
I 

~! 1 - - I . - / .JL~ )],:J 59.4 cr':J.':J I 
')0.0 78.8 87.1 73.3 
34.1 ! s3.c. I s9.4 49.9 I 
~ (i (1 I -, R c ,, - • 7 ., ') I' 
~-·-· ' /u,.J I bl.l ,,.) 
- - I , I b.b I 1L.3 9.9 8.1 I 

29.!. 42,) 30.3 6().7 I 

0 'J 8 I 0 J 9 s o 7 7 " n '1 8 .-, I ·- I . l ·~~ ,,L\, 

s.9 7.2 12.9 l4.o 1 

-------. ·-- --------- ·- ·-----------------·-- ---- ---------~-- ---· ----·-·-· -------~----i 

13-14 (long.) i 26-27 (lon,;::.) 1' 20-21 (lon;,_· •. ) 28-.lO (loog.) i 
12-13 (Jong.) ! 33 (loccg.) 20 (long.) U-30 (.]on;.~.) ! 
11-12 (vert.) I 10 \':ert.) J 19 (vert.) 8 (verc.) I 

~ _ , :'-'\ :,trans.) I 4-6 .~trans.) i 4-6 ~trans.) 14-~6 (trans.) 
1 

Peak ~~attJel: Force (lbs. J I :-io u~ta 1 ~Ol·O l l4UO 0:o Data j' 

:,::::~,::,~~S'm,oacL__"' c} __ 
1 

0 2)7 . _ ·I- _ ':242 ...... 0 :."," ___ _ . 0~1~0-- _ _

1 

Vehicle Deformation (ft.) I 1.42 i 1.88 1.:5 _1.83 I 
Barr H·T D c form a t 1 on ( ft. ) 1 4 . 4 8 I '1 • 3 3 l 1. 12 J. 2 . 13 I 
I \'ehic l c Damage I (Iinor Severe 'Loder ate Severe 
[TORSBOK Da;na;::,e j Re-usable j__ ]{e-;lsabie 1 Severe J Severe J 
------------ -----------· ------- ------ --- . --- ----------- .. --------- --· --- ----- __! ___ . -------- -- -- ----· ------------------ -- --

:.> 
rv 
r;:· 
M 

8 
""' ~ 
8:: 

'Tj 

r-' 
OJ 
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CONDITIONS A?vn:R T ,sT (VEtHCLE STRUCK BARRIER HLAD-ON) 

TABLE 2B. 
Summary of High-speed FiJm Crash Test Data 

Test 505-2A AR \ Torshok B rrict· 15° Nose Angle 

Vehicle \leirht = '•600 lb. (1957 Olds, 4 dr. Hdtp.) 

Vehicle Velocity 34.1 mph or 50 fps 

Change in Vc locity 34.1 mph or 50.0 fps 

Average Decelerntion • 6.6 g 1 s 

Peak Deceleration • 29.4 g's (7.28 msec.) 

Duration of Impact= 0.218 sec. 

Stopping Distance = j.9 ft. 

Remarks; H.inor Damage to Vehicle, behavior was very good. 

Vehicle Defornation 1.42 ft. Barrier Deformation 4.48 ft. 

B2 
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TABLE 3B. 

TEST RF 505-2A 

ARA TORSHOK BARRIER 15° KOSE ANGLE 

1957 OLDS., 4 DOOR !Lt..RDTOP, 4600 LB. 

HIGH SPEED FILM DATA 

Time Displacement Velocity Deceleration 

ft/sec 
2 

'lilliseconds ft ft/se~-~ 
--·---~-- ··---·-------- ------

0 0 
-'+9. s1 

0 0 

7.28 0.36 0 0 
49.5 

li+. 56 0.72 0 0 
-'+9.5 50.0 21.84 1. 08 0 0 
50.8 

avg. 

36.40 l;npac t 1. 82 69 2.1 
49.5 

43.68 2.18 0 0 
49.5 

50.96 2.54 () 0 
49.5 

58.24 2.90 948 29.4 
42.6 

65.52 3.21 -179 -5.6 
43.9 

72.. so 3.53 179 5.6 
42.6 

80.08 3.84 563 17.5 
38.5 

87.36 4.12 192 6.0 
37.1 

94. 6Zf 4.39 385 12.0 
34.3 

101.92 4.64 179 5.6 
33.0 

109.20 4.88 0 0 
33.0 

116.48 5.12 0 0 
33.0 

123.76 5.36 192 6.0 
31.6 

131.04 ~.59 0 0 
31.6 

138.32 5.82 0 0 
31.6 

145.60 6.05 192 6.0 
30.2 

152.88 6.27 371 11.5 
27.5 

(continued on next page) 
D4 



Time 

:H11iseconds 

160.16 

1 (;!. 4it 

1 74.72 

182.00 

189.28 

196.56 

ilL 

236. (i(; 

:245.70 

cs4.80 

273.00 

282.Hl 

TEST RF S05-2A (continue-d) 

Di sp] acen:E:nt 

ft 

6.47 

6.98 

7' 11 

7 ')I I ~ , __ ~t 

7 53 

7.b2 

7.75 

7.7b 

1 1 n 

7 7 

7.bS 

B5 

\'~,loci ty 

ft/sec 
----~------

23.3 

2.2.0 

, . ., Q 
i I ~ 

17.9 

ll. 9 

11.0 

11.() 

9.9 

1 l 

0 

I I 
--.,.*L-f 

Deceleration 

_!_t:j _s~s:-~ __ __g_'£ 

385 12.0 

192 

179 c. c.,_ 
},\! 

563 17.5 

0 0 

n n 

948 :29.4 

0 () 

134 

u 

604 18.8 

361 11.2 

121 3.8 

483 1). l 

0 0 

0 0 



FRAME FRONT 1": 21.19 

FRAME BACK 

I 

NO USEABLE ~ 
. DATA 

~------~------~~------~SE_A_T_B~EL~T--~-----

FORCE ~ 

FIGURE 28. TEST 505 2A FRAME 

ACCELEROIVETER DATA a SEAT BELT FORCE 
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LC>m. 
t"= t.o a 

TRANS. 1":: lOg 

VERT. 
I": lOg 

FIGURE 38. TEST 505 2A DUMMY 
ACCELEROMETER DATA 
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CONDITIONS AFTER TEST (VEHICLE STRUCK BARRIER HEAD-ON) 

TABLE 4B . 
Summary of High-speed Film Crash Test Data 

Test 505- ZB ARA Torshok Barrier 15° Nose Angle 

Vehicle Weight = 2520 lb. (1960, Aust in , 4-Door Sedan) 

Vehicle Ve l ocity = 53 . 5 mph or 78 .5 fps 

Change in Ve locity 53.5 mph or 78.5 fps 

Average Decelerat i on = 12.3 g's 

Pea k Deceler at ion = 42 .1 g 's (9 msec.) 

Duration of Impact = 0 .198 s ec. 

S top ping Di stance = 7 . 2 ft . 

Remarks: Damage to Vehicle Severe , Vehicle Deformation 1.88 f t. 

Barrier Deformation 5.33 ft . 

B8 
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TABLE 5B. 

TEST RV 505-2B 

ARl\. TORSHOK BARRIER 15° NOSE ANCLE 

1960 AUSTI::-.l, 4 DOOR SFDAN, 2520 LB. 

HIGH SPEED Flt'! DATA 

Time Displacc'll'.cn t Vel oc it\' Deceleration 

ft/sec 
2 

'li ll ic;econds ft f_t L~_f!_C:__ _ _ g_'_s ---------- ------ ------ - -- ------ -----

0 0 0 0 
78.9; 

9.0 .71 0 u 
78.9 

18.0 l. 42 .78.5 0 0 
77.S!avg. 

27.0 2.12 0 0 
78.91 

36.0 2.83 0 0 
77.8 i 

!+ 5. 0 Impact 3. ')3 78 2.lt 
77.8 

5!+. () 4.:n 1232 38.3 
66.7 

f) 3 .(\ 4.83 0 0 
66.7 

72.0 S.ld 0 l] 

66.7 
Rl. U 6.03 867 2f .. 9 

58.9 
90.0 6.5t 1355 42. 1 

46.7 
9.0 6.98 256 8.0 

44.4 
lOS Ji 7.38 1"0 3.R 

43.3 
117.0 7.77 24.5 7.6 

41 .1 
]21, .0 8.111 L-'2 -~ 9 

~.' 

40.0 
i ::s. 0 8.50 ] __ · ~? 3.S 

38. 9 
[!+:;,() 8.35 489 15.2 

h.S 
LSl. 0 9. l f) Ul ,',,l 

33.3 
li·.'. 0 9.4C 6L' 19.U 

27.8 
171 .0 9. 7 J 500 15.5 

23. 3 
180.0 9. 92 1_~ ~) 3.il 

22.2 
lti'J.Ci 10 .l :' (,p 19.0 

lb. 7 
]98. () 10.27 500 J c:J. ) 

12. 2 
(1·ont in•wd l' ll IF'Xt l-~a~.:_c' lQ 
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TABLE 5B. 

TEST RF 505-2B (continued) 

Time Displacement Velocity Deceleration 

Hilliseconds ft _ ft/sec _ ft/sec 
2 

g's --------

207.0 10.38 0 0 
12.2 

216.0 10.49 122 3.8 
11.1 

225.0 10.59 0 0 
11.1 

234.0 10.69 612 19.0 
5.6 

243.0 10.74 622 19.3 
0 

252.0 10.74 0 0 



FRAME FRONT 

1"= 2llg 
I 

FRAME BACK 

I"= 21.8g 

SEAT BELT FORCE 

FIGURE 58. TEST 505 28 FRAME ACCELEROMETER 
DATA a SEAT BELT FORCE 

Bi2 
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-~---~ -+=--~-=--+--~ ~LON~------ -----~------

1 , ... zo, 

--~----1---1-------\-~+--flf--t--+--------+-1----l 
-12"= SEC --- I 

·-----L----~---- _l_ 
VERT. 

I"= 20g 

\.__----~-~~-+---~--=-~~~--=-==-==-~-1~~--J 
FIGURE 68. TEST 505 28 DUMMY ACCELEROMETER 

DATA 
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TABLE 6 f\. 
Film Crash Test Data 

e l 

4940 lb. (1960 Buick, 4-Door Sedan) 

r .J . l 

u 

(12. msec.) 

Vehicle Defonnat i L s rc. 

lJcfcc'rmatiun U.l! ft. Barrier Severely Damagew. 

B14 



FIGURE 78. DISPLACEMENT, VELOCITY, AND DECELERATION 

VS. TIME FOR TEST 505- 2C 
'rj 
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TABLE 7 B. 

TEST RF 505-2C 

ARA TORSHOK BARRIER 15° NOSE ANGLE 

1960 BUICK, 4 DOOR SEDAN, 4940 LB. 

Time 

:1illiseconds 

0 

12.4 

24.8 

37.2 Impact 

49.6 

62.0 

74.4 

86.8 

99.2 

111.6 

124.0 

136.4 

148.8 

161.20 

173.60 

186.0 

198.4 

210.8 

223.2 

235.6 

248.0 

260.4 

272.8 

HIGH SPEED FILM DATA 

Displacement 

ft 

0 

1. 08 

2.16 

3.24 

4.30 

5.30 

6.28 

7.18 

8.07 

8.92 

9. 72 

10.48 

11.23 

11.92 

12.60 

13.12 

13.59 

14.03 

14.45 

14.85 

15.15 

15.42 

15.62 

Velocity 

ft/sec 
------

87.1 

87.1 

87.1 

85.4 

85.4 

74.2 

72.6 

71.8 

68.6 

64.5 

61.3 

60.5 

55.7 

54.8 

42.0 

37.9 

35.5 

33.9 

32.3 

24.2 

21.8 

16.1 

(continued on next page) Bl6 

Deceleration 
2 ft/sec g's 

0 0 

0 0 

9 

137 4.3 

0 0 

902 28.0 

129 4.0 

65 2.0 

177 5.5 

331 10.3 

258 8.0 

65 2.0 

387 12.0 

73 2.3 

226 7.0 

331 10.3 

194 6.0 

129 4.0 

129 4.0 

653 20.3 

194 6.0 

460 14.3 

129 4.0 

F.l33 
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TABLE 7B. 

TEST RF 505-2C (continued) 

Time Displacement Velocity Deceleration 

Milliseconds ft ft/sec ft/sec 
2 

g's 

2.4.5 
285.2 15.80 129 4.0 

12.9 
297.6 15.96 65 2.0 

12.1 
310.0 16.11 975 30.3 

0 
322.4 16.11 0 0 

0 
334.8 16.11 0 0 

Bl7 
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- _______ T ___________________ -,- -- -- -------;·-------- ---- ----l------1 

I i I' FRAME FROIU I"= ,21.1g I 
I ! I I 

.v.AI I~ I' i I, 
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------ L _________________ j__ __________________ _1 __________ ------- ______________ __j 

FIGURE BB. TEST 505 2C FRAME 
ACCELEROMETER 8 SEAT BELT FORCE 
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L.ONG. 1"= 20g 

1.2"=01 SEX: 

TRANS. 

t"= 20 g 

VERT. 

1"=20 g 

FIGURE 98. lEST 505 2C DUMMY ACCELEROMETER 
DATA 

Bl9 
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CONDITIONS AFTER TEST Of H1PACT 

Table 8B. 
Crash Test Data 

door ) 

~'ch.i. l c 49.9 

(9.3.) msec.) 

l movement of vehicle) 

Vehicle Deformation 1.83 ft. 

Harrier Deformation 12.13 ft. Barrier Almost Total Loss. 

B20 
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TABLE 9B. 

TEST RF 505-2D 

ARA TORSHOK BARRIER 15° NOSE ANGLE 

1957 CADILLAC, 2-DOOR HARDTOP, 5000 LB. 

HIGH SPEED FILM DATA 

Time Displacement Velocity Deceleration 

Milliseconds ft ft/sec ft/sec 
2 

g's 

70. 6) 
9.35 0.66 ! 

69.5: 
18.70 1. 31 

69.5: 
28.05 1. 96 I 73.3 

74.9: Avg. 
37.40 2.66 I 

I 82.5; 
46.75 3.43 ! 0 0 

72.8: 
56.10 4.11 

I 
514 16.0 Impact 

68.5 
65.45 4.75 -460 -14.3 

72.8 
74.80 5.43 1273 39.6 

60.9 
84.15 6.00 -814 -25.3 

68.5 
93.50 6.64 -1262 -39.2 

80.3 
102.85 7.39 1262 39.2 

68.5 
112.20 8. 03 568 17.6 

63.2 
121.55 8.62 -1134 -36.2 

73.8 
130.90 9.31 1250 38.9 

62.1 
140.25 9.89 -460 -14.3 

66.4 
149.60 10.51 0 Cl 

66.4 
158.95 11.13 235 7.3 

64.2 
168.30 11.73 0 0 

64.2 
177.65 12.33 460 14.3 

59.9 

(continued on next page) 
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TABLE 9B. 

TEST RF 505-2D 
(Continued) 

Time Displacement Velocity Deceleration 

~1ill isecond s ft ft/sec ft/sec 
2 

g's 

187.00 12.89 -353 -11.0 
63.2 

196.35 13.48 128 4.0 
62.0 

205.70 14.06 1145 35.6 
51.3 

215.05 14.54 -578 -17.9 
56.7 

224.40 15.07 342 10.6 
53.5 

233.75 15.57 685 21.3 
47.1 

243.10 16.01 -225 - 7.0 
49.2 

252.45 16.47 578 17.9 
43.8 

261.80 16.88 450 14.0 
39.6 

271.15 17.25 685 21.3 
33.2 

280.50 17.56 1950 60.7 
15.0 

289.85 17.70 -107 -3.3 
16.0 

299.20 17.85 -129 -4.0 
17.2 

308.55 18.01 1500 46.6 
3.2 

317.90 18.04 0 0 
3.2 

327.25 18.07 910 28.3 
-5.3 

336.60 18.02 -568 -17.6 
0.0 

345.95 18.02 0 0 
0.0 

355.30 18.02 0 0 

B23 
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FRO.NT FRAME 

t"=434g 

r NO DATA 

FIGURE II B. TEST 505 20 FRAME 

ACCELEROMETER DATA S SEAT BELT FORCE 
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LONG, 
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FIGURE 128. TEST 505 2D 
ACCELEROMETER 

DUMMY 
DATA 



TECHNICAL MEMORANDUM 505-ZS 

SUPPLEMENT TO 505-2 

Texas Transportation Institute 
Texas A&M Research Foundation 

TOR-SHOK AND ROTO-SHOK ENERGY ABSORBING 

PROTECTIVE BARRIERS 

A Tentative Progress Memorandum on Contract No. CPR-ll-5851 

U. S. Department of Transportation 
Federal Highway Administration 

Bureau of Public Roads 

by 

T. J. Hirsch 
Research Engineer and Principal Investigator 

Harry L. Smith 
Engineering Research Associate 

and 

Don L. Ivey 
Associate Research Engineer 

Crash tests and evaluations were conducted under the Office of 
Research and Development, Structures and Applied Mechanics Division's 
Research Program on Structural Systems in Support of Highway Safety 
(4S Program). The opinions, findings, and conclusions expressed in 
this report are those of the authors and not necessarily those of the 
Bureau of Public Roads. 

January 31, 1969 
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I ,\iTRCl DUCT I o;~ 

1echni~a1 ~emorandum 505-2 (July 1968) d~scribed three full-scale 

head-on vehicle crash t<2sts 1vith the ARA TOR-SHOK Energy Absorbing Protec-

t i-;c Barrif'r and one: vehiclt' ccasit Lest Fherc the trajc:ctory of the vel1icle 

\vas at a 30" angle lvith the barrier r:enterline. The three head-on crash 

by the designers. The 30° angle crash test \·las considen:cd unsatisfactory. 

The nose piec:;c, that part of the TOR-SHOK barrier consisting of a radial 

nose section and strai1:ht :-d.clc' elements, rotated in:ay from the path of the 

vehicle and allowed the vehicle to strike the rigid vertical support posts. 

Since these tests were conducted, the TOR-SHOK oarrier ltas been modified 

to stabilize the nose piece and prevent it from rotating. In addition to 

this modification of the TOR-SHOK, a new ROTO-SHOK Energy Absorbing Barrier 

has been developed. 

From December 4, 1968 to December 6, 1968, the Jligln.;ay Safety Research 

Center of tl1e Texas Transportation Institute conducted two full-scale 

vehicle crash tests on the modified TOR-SHOK and new ROTO-SHOK Energy 

Absorbing Highway Protective Barriers which were developed Aerospace 

Research Associates (ARA), Inc., of 2017 \.Jest Garvey Avenue, \-Jest Covina, 

California. A detailed description of these tests is provided by this 

memorandum. These tests and evaluations were conducted under the Office 

of Research and Development, Structures and Applied Mechanics Division's, 

Research Program on Structural Systems in Support of Highway Safety (4S 

Program). 

Integral to the evaluation of the two crash tests are photographs of 

the vehicle and barrier before ;mel after each test, a summary of the 1 igh-

speed motion picture film datd taken of the tests, and a collection of the 

electromecl1anical instrumentation data obtained during the tests (see 

Appendix S-B). 
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DLSCRIPTlOI\ OF BARRil:RS 

Tb,,~ TOR-SHOK Enl,rgy Absorbin; Barriet· \-.·hich \vas used in Test 505-2£ 

is detailed on pages iU2 and Tl13 0f ,\i~\ Rt>J~<Jrt ]';o, 96'''. This barrier had 

a nose> angle of 15°, a nose radius c1t Jj liL, and an elliptical L•.!lH•Lar 

noSL' l.'leighing 845 lbs. The JdL:._JJ_l~:c:d funr~tion ()[ thi~:; systen1 j_s de::; 1~lbed 

in Report No. 96* and also in TTI lechnica] Nemorandurn 505-2**, 

The ROT\J-SHOK Energy Absorb i.ng B.urier I·Jas develop,~d by .\R/., Inc. 

under a contract with the Engineering Division, Office of Traffic Operations, 

Bureau of PubJ L· Roads. The Larricr \vas fabricate(] iEld delivered by ARA. 

and \vas installed iHld tested by p<'rsonnel of the Texas Tc:m.•;portation 

Institute. The !ZOTCJ--Sl!OK protective syste:r. is desigued to perform as 

shmvn in Figure S-l. It con,;ists of a series of straigl1t sections of 

elliptical tubes rigidly supported from th~ ROTO-SHOKs hv another system 

of elliptical tuhes. DctaUed drmdngs of this mecltanism are given in 

Appendix S-A. Fi?.ures S-2 and S-3 slw1-1 the installation which vlas teslecl. 

The ROTO-SH0l's are n~c!lmted hy tli<" i l i I1flc·r- c:ru:as on posts (Figure S-J). 

\.Jhen tlw vehicle j_p;pacts thl: serie3 <lf .';trai.ght sections (Figure S-2), the 

protective barrier tubes transr-:-~it the impact forces to the ell ipt:ical tubes 

which initiate the angular dissipation of c'nergy in the ROTO-SHOKs. The 

RCJTO-SHOKs contain small diameter tubes positioned with an interference 

fit in the annulus of t\vo concc'ntric drums. At impact, the rotation of 

the drums relative to one another provide:,; the enerl',y absorption mechani,;rn 

-'~ "A Reusable Energy Absorbing 1lighv.rc1y Fr'-;tective System for ~'ledian 1\re<-1s'~, 
Aerospace Re,;earch Associates, Inc., ARA Report :Jo. 96, Jcmc', 1968. 

*)"'Hirsch, T. J., "TUR-SHOK Energy Absorbing Protecti'..re Ba1rier"~ Technicdl 
~lemorandum 505-2, Texas Transporcat:Lon Institute, Te:-:3s .\&M Research 
FoundatLm, July 31, 1968. 
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OBSTRUCTION 

OBSTRUCTION 

OBSTRUCTION ... 
• 1~~~·i~·: 

ROTO-SHOK ----

TELESCOPING 
ARM---·// 

(3) VEHICLE IS REDIRECTED 

TO MISS OBSTRUCTION 

(2) ROTO-SHOK ROTATES AND 

BEGINS REDIRECTING VEHICLE 

(I) VEHICLE CONTACTS ROTO-SHOK 

FIGURE S-1, IDEALIZED FUNCTION OF ROTO-SHOK 
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Fi gure S-2, ROTO-SHOK Viewed From The Line Of Veh icle Trajec tor y 

Figure S-3, Details Of ROTO-SHOK From Rear 

5 
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in terms of cyclic bending strain around the circumference of th:2 smal J 

diameter tubes. The resistance to torque provided by the ROTO-SHOK exerts 

a resisting force on the vehicle as the barrier deforms. Tltis rotation of 

the ROTO-SHOK arms, and resulting lateral translation of tl1c impact section, 

allows the vehicle to be redirected with nominal transverse decelerations. 

TEST 2E RESULTS, TOE-SHOK BARRIER 

Figures S-4 and S-5 show the vehicle and barrier at various stages 

of Test 2E. The 3600 lb. vehicle struck the AI{A TOR-SHOK barrier at an 

angle of 25° with the barrier longitudinal axis at a speed of 53.0 mph. 

The vehicle slid down the nose piece, finally pocketing and striking the 

rigid vertical support post. The intended redirection of the vehicle was 

not achieved and impact with the back-up post was extremely severe. The 

maximum longitudinal deceleration was approximately 26 g's (from the vehicle 

accelerometer data, Appendix S-B). The average longitudinal deceleration 

was approximately 8.5 g's*. TI1e vehicle traveled 10.9 feet after striking 

the nose angle before resting against the vertical back-up post. 

The following conclusions can be drawn from Test 2E: 

l. The barrier did not ~edirect the vehicle. 

2. The vehicle damage was severe (see Figures S-8 and S-9). 

* Average g values were calculated from the change in vel1icle velocity 
and the longitudinal movement o[ the vehicle e.g. from its position 
at first contact with the harrier to its position at maximum penetra
tion into the barrier. 

6 



3. Damage to the TOR-SHOK barrier was severe. Many TOR-

SHOKs were damaged beyond repair. 

4. The deceleration level was severe. 

Comparing the rigid barrier maximum deceleration of 47.7 g's* to 

the approximately 26 g's obtained in Test 2E, it can be seen that the 

Attenuation Index is about .55. 

A. I. 
max 

G 

G 

(max TOR-SHOK) 

(max rigid) 

F.l49 

Analysis of the high-speed film data shows, however, that the vehicle was 

still traveling about 37 mph when collision with the rigid vertical support 

post occurred. The severe impact with this post is what caused most of the 

damage to the vehicle. In the last 1.5 feet of vehicle longitudinal move-

ment, the average deceleration (from photographic data, Table S-Bl) was 

21.4 g's. 

;~ Estimated Maximum Rigid Barrier Deceleration 
Estimated Average Rigid Barrier Deceleration 

0.9 V, where V is in mph. 
0.574 V, where V is in mph. 

Emori, Richard I., "Analytical Approach to Automobile Collisions," 
SAE Paper 680016, Engineering Congress, Detroit, January 8, 1968. 
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Conditions ter test 1 e struck bn r L"i.e r L amde o 

Table S-1 

AR/1. TOR-SHOK Barrier Nose 

Vehicle Weight = lbs. (1961 Ford, 4-d r.) 
Impact 
Vehicle Velocity = 53.0 mph or 7 
Average Deceleration = B.S g's tudinal) 
Pc'ak Deceh:ration = 26 g' (30 msec) (longitudinal) 
Duration of Impact = 0.212 sec 
Stopping Distance = 10.9 ft. 

Remarks: to both the TOR-SHOK and vehicl was severe. 

.150 

Vehicle deformation, 3.5 ft. -Barrier defor~atiun, 3.1 ft. 
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l 

3 4 

5 6 

Figure S-5, Sequential Photographs Of TOR-SHOK, Test 2E 
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Figure S-8, Damage To Lef t Front Of Veh icle 

Figure S-9, Intrusion Of Steering Column Into Passenger Compartm nt 

12 
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TEST 2F RESULTS, ROTO-SHOK BARRIER 

Test 2F was a 25° angle impact by a 4290 lb. vehicle traveling 46.0 Il'flh, 

The vehicle struck the ROTO-SHOK barrier as shmvn ln Figures S-10 and S-ll. 

After impact, the vehicle was redirected with a velocity of 34.6 mph. 

Total energy absorbed by the ROTO-SHOK was approximately 118 kip-ft (40% of 

the vehicle kinetic energy). The maximum vehicle longitudinal deceleration 

shown using the 10HZ Filter, was approximately 5 g's. The average vehicle 

longitudinal deceleration was l.l g's while in contact with the ROTO-SHOK. 

In summary, the follmv-ing conclusions can be drawn from Test 2F: 

1. The barrier performed as designed. 

2. The vehicle damage \vas superficial (Figures S-ll and S-13). 

3. Damage to the ROTO-SHOK \vas moderate. Huch of the 

elliptical tubing in the straight section needed to b(c 

replaced. (Figure S-15). 

4. The deceleration level was moderate. 

l3 
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S-14, ROTO-SllOK Before Collision, Test 2F 

re S-15, ROTO-SHOK After Collision, Test 2F 
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SUH!:lARY AND CONCLUSIONS 

A full-scale vehicle crash test \vas performed on the modified ARA TOR-

SHOK Energy Absorbing Barrier. The nose piece was constructed of ellipticdl 

tubes. For a detailed description see Afu\ Report No. 96*, pages Bl2 and Bl3. 

The 3600 lb. vehicle struck the barrier at an angle of 25" with the 

longitudinal barrier axis and at a speed of 53 mph. The barrier did not 

redirect the vehicle as intended. Instead, the vehicle slid down the nose 

piece, pocketed, and came to a sudden and severe stop. The designers are 

now in the process of making further modifications. 

Also included are the results of a full-scale vehicle crash test on 

the ARA ROTO-SHOK Energy Absorbing Barrier system which is described in 

ARA Report No. 96*, pages C2 and C3. The 4290 lb. vehicle struck the 

barrier at an angle of 25" and at a speed of 46 mph. The barrier per-

formed as intended and redirected the vehicle with only superficial 

damage to both. 

* "A Reusable Energy Absorbing High\vay Protective System for Hedian Areas", 
Aerospace Research Associates, Inc., ARA Report No. 96, June, 1968. 
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APPENDIX S-A 

DESIGN DRAh'INGS OF 
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TABLE S-Bl 

Test 505-2E 

Tor-Shok 

High-Speed Fllm Data 

Time 
Milliseconds 

Displetcement 
ft 

0 0 

10.08 .779 

20.16 l. 576 

30. 2!+ 

40.32 3.111 

50.40 3.916 

60.48 4.661 

70.56 Impact 5.443 

80.64 6. 214 

100.80 7. 720 

120.96 9.177 

141.12 10.567 

161.28 lJ. 85 7 

181.44 13.166 

201.60 14.3]2 

221.76 15.287 

241.92 15.987 

262.08 16.288 

282.24 ]6.344 

302.40 16.251 

28 

Velocity 
ft/sec 

--·---~---

77.3 

79.1 

80.2 

72.1 

79.9 j 
73.9 

77.6 

76.5 

72.3 

68.9 

64.0 

64.9 

56.8 

48.4 

34.7 

14.9 

2.8 

·4. 6 

77.2 
Avg. 

F.l68 
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TABLE S-Bl 

Test 505-2E (continued) 

Time Displacement Velocity 
1-1illiseconds ft ft/sec 

-2.0 
342.72 16.169 

-4.1 
383.04 16.002 

-4.4 
423.36 15.825 

-4.0 
463.68 15.665 

-4.0 
504.00 15.503 

-6.2 
544.32 15.255 

-1.9 
584.64 15.177 

-5.1 
624.96 14.970 

-6.4 
665.28 14.710 

-4.0 
705.60 14.550 

-0.6 
7'+5.92 14.524 

-3.6 
786.24 14.379 

Vehicle is at rest 

29 
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TABLE S-B2 

Test 505-2F 

Roto-Shok 

High-Speed Film Data 

Time Displacement Velocity 
Milliseconds ft _ ft/sec 

0 0 
68.6l 

10 .686 
70.3 

20 1. 389 
64.8 

30 2.037 
70.3 

40 2.740 
65.9 

so 3.399 66.9 
72.0 Avg. 

60 4.119 
66.4 

70 1+. 783 
61.5 

80 5.398 
62.6 

90 6.024 
67.0 

100 Impact 6.694 
65.2 

140 9.303 
63.7 

180 11.853 
53.0 

220 13.971 
57.2 

260 16.261 
53.2 

300 18.390 
53.1 

340 20.514 
54.0 

380 22.675 
53.2 

420 24.805 
52.0 

460 26.886 
52.3 

500 28.978 

30 
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Januarv, 1969 

INTRODUCTION 

F.l89 

from January 18, 1968 to September 12, 1968 the Texas Transportation 

Institute conducted four full-scale tests of the vehicle arresting system 

arresting system, called the One-I,Jay r;uarnrail, is a means of preventin1~ 

ping the vehicle in the median. This entrapment prevents them from 

encountering oncoming traffic or returning to the roadway from which they 

carne. 



F.l90 

~_udtc:c Ln this technical memorandum are photographs of the vehicle 

·c.td :1r:rie•· at the various stages of each test. High-speed motion picture 

cllm was analyzed to give vehicle velocities and average decelerations as 

,,;:.::i< tcHt Lr:mspired. The movement of the vehicle during each test is 

:, ;Josition-timE' diagram. 

-v-ci··.'i: Il_c:_.s_cription 

The One-Way Guardrail vehicle arresting system was developed by the 

l·inrtin ~brietta Corporation under a contract with the Bureau of Pul:J1ic 

RoiidH. Th~ arresting system was fabricated and delivered by Martin 

Marietta to the Highway Research Center of Texas Transportation Institute. 

T!!L' svstc'm was installed on the A&l-1 Research Annex and the vehicle crash 

tests were conducted by personnel of the Texas Transportation Institute 

Research Center. The system consists of two continuous parallel 

lengths of guardrail which would be installed approximately 12 feel apart 

on :J hig!n,.ray median. The function of the installation is sho1..rn bv Fig0re l. 

Tilt' guardrail was composed of the standard W-section guRrdr<dl on the in-

Wed·! sick and a L2 gauge bumper pl<1te on the outward side. These H-section 

b,cams and bumper plates were bolted to 4-inch wide flange posts which were 

installed so that the entire gu<1rdrail leaned at an angle of 15° toward 

t::,: middle of the median. The webb and outward flange of each post was 

pre>Cltt :1t the ground line so that it would bend inward under a rather 

10ini~al force. Details of these components are given in Figures 2 and 3. 

This :1l lo,,s a vehicle 1'hich is out of control to lav down the first gua1·cl-

r::c il encounl<ors 1:Jben driving into the median. Once the vehlcle cros''t"~ 

iltc r·irst guardrail, it i:; trapped between the rigid faces of guatdrai\ 

on b,c:1 sides and cannot re-enter the highway it has left or cross the 

tTtL'dic1n strip iuto the opposing traffic. 
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FIGURE 3, DETAIL OF ONE-WAY GUARDRAIL SYSTEM 
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Additional information and design data on tl1is vehicle arrestin~ 

syster:1 is given by the Or_e.l::_a_t _ _i__o_r~ ;}~~ :t'f<Jj}~t_e_r~C!:_l~C:e_ l'!zmual provided by the 

Martin Marietta Corporation. 
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DESCRIPTION OF TESTS 

General 

Four guardrail crash tests were conducted in this phase of the pro-

gram. The vehicles ranged in weight from 1600 to 4400 lbs. Angles of 

atcack* which were used on the One-Way Guardrail vehicle arresting syc:.ter:l 

varied from 10° to 30°. The desired vehicle test velocity was 60 mph. 

Two Hycam high-speed motion picture cameras, operating at 500 Eram~s 

per second, and several documentary cameras, running at approximately 110 

frames per second, were used to record the tests. One Hycam was used to 

Dhotograph the vehicle during and immediately preceeding impact with the 

first ~:;uardrail, while the other was positioned to record subsequent 

vehicle mo~Prncnt. One documentary camera was mounted at one end of the 

guardrail installa~•on to record the entire test sequence transverse to 

the arresting system. 

Impact velocities were determined electronically as well as photo-

graphically. A pair of tape switches were placed so that they would be 

crossed by the right front wheel of the vehicle just before impact with 

the first guardrail. The time between actuation of the first and second 

switch was measured electromechanically, permitting the speed to be 

calculated. 

*The angle of attack as used in this report is defined as the angle 
between the initial trajectory of the vehicle and the line of the 
guardrail. For example, 30° as shown in Figure 4. 
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The description of each test includes photographs of the vehicle 

and arresting system before the test, sequence photographs of the test 

in progress, and photographs of the vehicle and system after the test. 

A drawing of the path which the vehicle traveled in relation to the 

arresting system provides a summary of the test. Deceleration levels 

are given in relation to the vehicle frame throughout this report. 

Test 7A 

F.l96 

A small vehicle, weighing 1600 lbs. was directed into the guardrail 

arresting system at an attack angle of 30° and a velocity of 47 mph. 

The arresting system performed as designed, redirecting and containing 

the vehicle. A comparison of the vehicle and guardrail before and after 

the test indicates that the damage to both was minor. Figure 10 shows 

the point of impact with the first guardrail, and demonstrates pru?er 

performance of the "one-way" design. 

Calculated average decelerations in the longitudinal and trans

verse directions were below 2.2 g's throughout the test, an extremely 

acceptable level. 

Test SA 

A full-size automobile weighing 4300 lbs. impacted the guardrails 

at an angle of 30° and a velocity of 61 mph. The arresting system 

failed to contain the vehicle. This was the only test in which the 

arresting system failed to perform as designed. The kinetic energy 

of the vehicle perpendicular to the guardrail was 267 Kip-ft, the 

largest value encountered in the four tests which were conducted. 
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FIGURE 4, SUMMARY OF TEST 505-7A 
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Figure 7 , Sequential Photographs of Test. 505-7A 
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Figure 10, First Guardrail \-Jas Laid Down As Design 
Predicted (505-A). Tread Mark Shows 
Point of Vehicle Contact . 
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he first guardrail collapsed inward as designed, but the vehicle 

on the second rail after deforming it severely. As shown in 

~i~ure 17, the rail suffered heavy local damage. After striking the 

~~cond guardrail, the car became airborne for approximately 36 feet. 

The vehicle came to rest upside down after rolling over one and one-

half times. 

The deceleration levels were moderate but the vehicle sustained 

hPavv damage while rolling after the impact with the second rail. 

Test 9A 

F.202 

In this test, the 4180 lb. vehicle, traveling at 64 mph, had 

slightly more total kinetic energy than the vehicle used in Test 8A. 

!1mvever, the impact angle was reduced to 20°, which reduced the kinetic 

energy perpendicular to the guardrail to 197 Kip-ft. and allowed the 

·,rehicle to be successfully contained. The vehicle recontacted the 

first guardrail from inside of the system after being redirected by 

r:iu:c second guardrail. The critical point was during contact with the 

~ccond guardrail. The sequence photographs of Figure 21 indicate that 

t~c vehicle carne very close to jumping the second guardrail. Consid

erable damage was done to the vehicle suspension at that point. 

The left front of the vehicle contacted the ground when the first 

gu;ndrail \vas recontacted. This probably contributed significantly to 

~-]t,, decelerations experienced at that point. 

The average decelerations at the various contact points were all 

below 2.3 g's, which is a very moderate level. 
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1 

2 

3 

4 

5 

Figure 14, Sequential Photographs of Test (505-BA, Overhead Camera) . 
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Figure 15, Sequential Photographs of Test (505-8A) 
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Figure 16, First Guardrail After Test (505-SA) 

Figure 17, Second Guardrail After Test (505- 8A) 
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Figure 21, Sequential Photogranhs, Front V1ew (505-9A) 
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Figure 22, Sequential Photographs, Rear View (505-9A) 
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+_": · .. Ji; • 

Figure 23, Impact Area After Test (505-9A) 

Figure 24, Damage To Second Guardrail (505-9A) 
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The strength of the soil has a definite influence on these tests. 

t 
It is possible that if the soil was much softer or significantly stronger 

than the condition tested, different results might have been obtained. 

' 
Test lOA 

The arresting system performed as designed in tl1is test, which was 

conducted with a low (10°) angle of attack. The 4400 lb. vehicle, 

moving at 59 mph, was subjected to minor decelerations, the largest of 

which was 1.7 g's. This deceleration occurred during contact with the 

second guardrail and was in a transverse direction relative to the vehicle. 

The car did not severely deflect the second guardrail as in the two 

previous tests. During the test, the left front tire blew out, which 

may have contributed to the vehicle damage. This damage was confined 

to the left front suspension and fender area, as,shown in Figure 32. 
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Figure 28, Vehicle Before Test (505-lOA) 

Figure 29, Guardrail Installation Before Test (505-lOA) 
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Figure 30, Sequential Photographs, Front View (505-lOA) 
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Fignre 31, Sequential Photograt>hs of Test (505-lOA, Overhead Camt:- r a) 
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Sll~lHARY 

The full-scale tests which \ven• conducted in thl:c; study Jre summarized 

in Table l. The vehiclL~s rangl'd in weight from 1600 to 4400 lbs. ,\ngles 

o[ attack which IVL're used on trw Onc-h'a\' Cuardrni 1 vchic le arresting 

svstern varied from 10° to 30°. The desin'd VL'Iliclc tcsl vc1ocitv was 60 

mph. In three of the four tests the actual velocity achieved ranged from 

61 to 64 mph. In Test 7A of the compact vehicle, a velocity of only 47 mph 

\vas achieved. In three o[ the four test:,;, the One-\vav Cuardrail arresting 

system performed as designed--redirectin? the vehicll' and containing it 

1vithin the two guardrail:-; in the area \vhich IVOuLd be the' median strip in 

a highway or tunnel application. In Test 8A, thaL of a 4300 lb. vehicle 

h £ 6 k Of 300' . wit a velocity o 1 mph and an attac angle contalnment was not 

achieved. This was the test in wl1ich the vehicle had the maximum kinetic 

energy in a direction perpendicular to the guardrail installation. 

Table 2 summarizes the average g levc'ls which were sustained by the 

vehicle during contact with the first and second guardrail. The maximum 

average longitudinal g level, 2.2 g's, was encountered in Test SA during 

contact with the second guardrail. The maximum average transverse g level 

encountered in these tests was the 2.2 g's in Test 9A. These deceleration 

levels for vehicle arresting guardrails and median barrier systems could 

easily be tolerated by a properly restrained passenger.* For vehicle 

speeds slightly less than 60 mph or attack angles slightly less than 30°, 

the One-Way Cuardrail vehicle arresting system would seem to be an effec-

tive or adequate device. 

''''fJle JI_uman B_ody .!_~ E_CLJ:l_ipme~J:. l)_e_s ign, Damon, Albert; Stoudt, Howard W. ; 
and McFarland, Ross A. Harvard University Press, Cambridge, Mass., 1966. 
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TABLE l 

Brief Description of Test Program 

on One-Wav ~uardrail 

,~------------1---~-----l----------------------- ----~ 

I Test Number I 7A I SA I 9A l lOA I 
' ------------------- ---~----------------r-----~------ ------- -~----- --

() I 0 0 I 0 
Angle of Attack 30 l 30 20 1 10 

I I 
--------- ---- ____ I ---------- - ---- -----------l-- ------- --+-----------

Vehicle \~eight 1600 lh. I 4300 lb. I 4180 lb. I 4400 lb. 

Kinetic Energy 118 : 533 I 576 I 513 I 
of Vehicle i Kip-ft i Kip-ft ! Kip-ft Kip-ft I 
----------------r-- ---- --- -;- ---~- ---t-- ------------ ----- ' 

Kinetic Eneq~y I I 
Perpendicular 59 I 2n7 197 I 89 

t-~- _r;_u_:~~u_r:1 ~_: _____ j_ ___ K~~-~f t--- L_ ___ ~i-p-~t _____ _[_ __ :i~~f~--- j_ _ -K~~~~-~- _j 
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Test 7A 

Longitudinal 

Trc;nsverse 

------------~-----

Tt:st SA 

Longitudinal 

Transverse 

Test 9A 

Longitudinal 

Tro.nsverse 

TABLE 2 

Average Vehicle Dece]et·ations'" 
(From Film) 

Contact with 
First Guardrail 

2.1 g's 

0.6 g's 

0.5 g's 

0.0 g's 

0.3 ' g s 

0.0 g's 

Contact with 
Second Guardrail 

1.5 g's 

2 .o g' s 

2.2 g's 

1.8 g's 

2.1 g's 

2.2 g's 

1.2!! 

Recontdct with 
First c;uardro.il 

1.9 g's 

1.5 g's 

-------------------------------------- -------~---~------- --------------

Test lOA 

Longitudinal 0.2 g's 0.7 g's 

Transverse 0.0 g's 1.7 g's 

* Decelerations are given relative to the orientation 
nf the vehicle's frame at impact. 
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The importance of the soil in which this arresting system is 

installed should be emphasized. The installations which \vere tested 

at the A&M Research Annex were placed in soil which had a cohesion of 

approximately 2000 lbs. per square foot.* This allowed a significant 

deflection of the guardr<1il support posts during tl1e m:1ir. collision 

with the second guardrail. Had the soil been extremely hard, with a 

very high cohesion, it is possible that test re,;ults cc,uld have been 

significantly different. Differences in test results might also have 

been obtained had the soil been significantly softer. In order to 

illustrate the probable effect of variations in the physical propertil's 

of the soil, the equations shmvn in Table 3 \vere derived from the 

theory presented in Research Reports 105-1 *·k and 105-2''d'* and the \v=-

post: rotations which are shmvn in Figure 3 4. In deriving these 

equations the following energy losses were accounted for: energv 

required to accelerate guardrail mass; energy required to slip guard-

rail joints; and the energy required to bend bumper plate ancl h' sec:tic•n 

in torsion. The longitudinal strain energy that could he put into tlte 

system after thE· H sec'tions and bumper plates slip "as neglected. 

Examination of the coefficients of these equations will yiclJ tl1e 

following conclusions, based on the assumption that the soil in the 

;, "Design Procedure Compared to Full Scale Tests of Drilled Shaft 
Footings," Ivey, Don L. :md Dunlap, \.Jayne A., Hesearch Report 
No. 10)-3, Texas Transportation Institute, February, 1969. 

,•,-;, "Theory, Resistance of a Drilled Sh2ft Footing to Overturning 
Loads," Ivey, Don L., Research Repc1rt No. i 05- L, Texas Trans
portation Institute, August, L967. 

icici' "Resistance of a Drilled Shaft Footing to Overturning Loac1s, 
"!uclel Tesls :mel Correlation \\'ith Theorv," Tve\', llon L .. Koch, 
1\cnnet!J ,I cmcl Raba, Carl F. Jr., Research Report Nu. JOS-2, 
Texas Trz1nsportation Institute, .Julv, 1968. 

l5 



20 

15 

10 

5 

0 
a 

40 

30 

(/) 

w 20 w 
a:: 
(!) 

w 
a 10 
2 

(/) 

2 
0 0 

1- a 

~ 
0 30 a:: 
1-
(/) 

0 20 a.. 

_J 
<( 
:::::> 10 
a 
> 
Ci 
2 0 

a 

15 

10 

5 

0 
a 

F.224 

o-o 

TEST-;05=~~----· ~~--- -~0 
--y ---~ 

--0 

0/ 

b c d e 0 h 

---- o------- _] 
0~~ 

/ 0 

0 ~----~ TEST 505-SA 

/ 0 

-------0~0 ~~ 
b c d e g h 

TEST 505-9A /o-o~ 

0

/o o~---

0~ 0 

------ ""--
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POST DESIGNATIONS 

FIGURE 34, INDIVIDUAL POST ROTATIONS FOR INDICATED TESTS 
(FOR IMPACT WITH SECOND GUARDRAIL) 
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Energy Dissipated, Ep 

(Good for 8 > 5°) (8 in Degrees) 

E 1.03 + 0.34 (8- 5°), Kip-ft 
p 

E 2.15 + 0.65 (8- S0
), Kip-ft 

p 

E 6.19 + 1.85 (8- S0
), Kip-ft 

p 

Table 3 , Equations for the Energy Dissipated by 
Individual P0sts for Different Soil Conditions 
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te.st program had e1 cohe.sion, c, of 2000 !'SF and an angle of shear 

resistance, ~. of S
0

• 

(l) If the guardrail system was installed in a soil with 

a cohesion of SOOO PSF, and an angle of shearing resistance of 

5°, the rotations of the posts in the second guardrail would 

have 0~cr~ase_cl_ by a factor of approximately 3, resulting in a 

corresponding increase in the average lateral g level.* This 

increased lateral g level would still be within the tolerance 

limits of restrained humans. 

(2) If the guardrail system was installed in a soil with 

a cohesion of 1000 PSF and an angle of shearing resistance of 

S
0

, the rotations of the posts in the second guardrail would 

have increased by a factor of approximately 2. Although tl:e 

equations would not be accurate in this range of excessive 

rotations, it does illustrate that in the critical test of a 

0 
4000 lb. vehicle traveling 60 mph with an attack angle of 30 , 

the large rotations would almost certainly result in ramping 

of the vehicle on the second guardrail. This situation could 

be remedied by increasing the embedment length of the post or 

increasing their bearing area by placing concrete around them. 

F.226 

;,"Bridge Rail Service Requirements as a Basis for Design Criteria," 
Olson, Robert M., Discussion of Findings of NCHRP Project 12-8, 
Paper presented at the Annual Meeting of the American Society of 
State Highway Officials, Minneapolis, Minnesota, 1968. 
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CONCLUSIONS 

The One-Way Guardrail vehicle arresting system performed as de

signed in three of the four tests conducted. The system should be 

effective for vehicle velocities somewhat less than 60 mph or angles 

0 
of attack slightly less than 30 All tests where the vehicle was con-

taincd show deceleration levels well within the tolerance limits of rc-

strained humans. 

It should be emphasized that the functioning of this system is de

pendent to some degree on the properties of the soil surrounding the 

>,'i:ndrai l support posts. If a low cohesion soil is not avoidable in a 

gi._,,_., lDcation, the guardrail system could be made to function properly 

by i;tcreasi"g the im!Jedment length or the bearing area or by placing 

concrete around the 1\F support posts. 
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TABLE L\ 

TEST RF 505-7A 

MARTI:-J MARIETTA Cl!ARDRATL 30° I"lCIDE;\!CE ANGLE 

1955 RENAULT, 2-DOOR SEDAN, 1600 LB. 

HIGH-SPEED fTL:--! DATA 

Time Displacement Velocitv 
Milliseconds ft ft/sec 
-~~----·-- ----------- ·---~--

0 0 
68.o I 

10.29 0. 70 
68.0 

20.58 1.40 
69.0 

30.87 2.11 
70.0 68.6 

41. 16 2.83 Avg. 
68.0 

51.45 3.53 
69.0 

61.74 4.24 

72.03 Impact 4.94 
68.0 _j 

62.2 
82.32 5.58 

61.2 
102.90 6.84 

61.7 
123.48 8.11 

55.9 
144.06 9.26 

58.8 
164.64 10.47 

56.4 
185.22 11.63 

61.7 
205.80 12.90 

56.4 
226.38 14.06 

57.3 
246.96 15.24 

57.3 
267.54 16.42 

58.5 
308.70 18.83 

57.3 
349.86 21.19 

60.4 
391. 02 23.68 

391.60>'< 

'~Lost contact with first guardrail. 
41 
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Ti\BLE L\ 

TEST RF 505-7,\ (continued) 

Time Displacement Velocilv 
Milli.seconds ft _ !~t_[s e <=__ ------ ------ -------· - ·----- -·--

5J.o I 
432.18 25.78 

54.9 
4 73. 34 28.04 52.3 

48.8 Avg. 
514.50 30.05 

54.!+ I 
I 

555 .. 66 Impact !!2 32.29 -
53.9 

596 .. 82 34.51 
47.6 

637 .. 98 36.47 
50.7 

6 79. 14 38.56 
40.0 

720. 30 40.21 
49.8 

761.46 LJ2.26 
40.3 

802.62 43.92 
49.8 

84 3. 78 45.97 
4!+. 4 

884.94 47.80 
45.4 

926. 10'' 49.67 
414. 7 

967.26 51.51 

Vehicle moved out of v 1 e1.,..r. 

*Lost contact with second guardrail. 
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TABL1~ 2..-\ 

TEST RF 505-3/\ (,·ont:inu.:od) 

Time 
l'!illiseconds 

405.46 

448 .lL; 

490.82 

533.50 

57G.l8 

618.86 

640.20 

780.00 Airborne 

Displacement 
ft_ 

V+.59 

j7. 65 

49.55 

Further analysis not feasible. 
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7 s. 4 

71. 7 

66.5 

56.9 

61.4 

6 3. 3 

61.4 
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TABLE 3A 

TEST RF 505-9.\ 

l 9 59 DO DC: l~, L;!CIClF S FD,\~, 4180 LB. 

HlCII-SPFTD FILl'\ DATA 

Ti:11e DispL1ce:r1ent Velocity 
'11 lllscc>mds ft ft/sec ------ - ---··- ---- ---"'-~ -----------

() 0 

96.2l 
hl. 39 l. 00 

90.5 
20.73 1.94 

94.3 
31.17 2.92 

96.2 
41.56 3.92 

93.4 
51.95 4.89 93.9 

91.4 Avg. 
62.34 5.84 

95.3 
7 2. 73 6.83 

91.4 
83.12 7.78 

95.3 
93.51 8. 77 

103.90 Jn,p;.,c t 9.76 
95.3 J 
93.4 

121+. 68 11.70 
93.8 

145.46 l3. 65 
91.0 

166.24 15.5!· 
90.0 

187.()2 17.41 
90.5 

207.80 19.29 
92.9 

228.)8 21.22 
88.5 

2:.9.36 2 3. 00 
90.5 

270.14 24.94 
87.1 

290.92 26.75 
83.2 

311. 70 28.48 

Vehicle \vent out of vie,,-. 
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TABLE LJ!\ 

TSST RF 505-lOA 

l>L\f\TIN i'!ARJT~TTA GL\RDRAIL 10° INCIDE:-.JCE ANGLE 

i9)7 Bt:TCK, 2-DOOR HARDTOP, 4lf00 LB. 

HICJ!-SPEED FIU1 DATA 

Ti1;1e Displacement Velocity 
HiJliseconds ft ft/sec 
~- -·~ ---~-~---- -~-------~-------

0 0 
81.6\ 

12 .Z:5 1.00 
81.6 

24. ')0 2.00 
85.7 

36. I 5 3.05 86. ~· 
98.0 Avg. 

49.00 4.25 
89.0 

61.25 5.34 

73. 50 Impact 6.35 
82.4_j 

91.8 
98.00 8.60 

85.3 
!22.50 10.69 

89.8 
1Lc7.00 12.89 

89.4 
171.50 15.08 

87.8 
196.0() 17.23 

86.5 
220.50 19.35 

87.8 
245.00 21.50 

87.8 
269.50 23.65 

83.3 
29if.0U 25.69 

87.3 
318. 5(1 27.83 

88.6 
343.00 30.00 

89.4 
)6 7. 50 32.19 

90.6 
)92.00 34.41 

88.2 
416.50 36.57 

Tuil1sfern,J to uther camera film for remainder of tracking. 
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TABLE 4A 

TEST RF 505-lOA (continued) 

Time Displacement \'elocity 
Milliseconds ft ft/sec 
--~---- ---~ 

439.42 38.55 
86.9 

460.26 40.36 
83.0 

481.10 42.09 
84.0 

SOl. 94 43.84 
80.1 

522.78 45.51 
84.0 

543.62 47.26 
83.0 

564.46 48.99 
78.7 

585.30 50.63 
87.8 

606.14 52.46 
82.1 

626.98 54.17 
81.1 

647.82 55.86 
86.9 

668.66 57.67 
76.8 

689.50 59.27 
79.2 

710.34 60.92 
82.1 

731.18 62.63 
81.6 

752.02 64.33 
84.5 

772.86 66.09 
79.7 

793.70 67.75 
81.1 

814.54 69.44 

823.50* 
81.11 

835.38 71.13 
81.6 81.1 

856.22 Impact lt2 72.83 Avg. 
80.6_j 

877.06 74.51 
78.2 

897.90 76.14 

*Lost contact with first guardrail. 
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TABLE 4A 

TEST RF 505-lOA (continued) 

Time Displacement Velocity 
Milliseconds ft ft/sec 

89.3 
918.74 78.00 

77.7 
939.58 79.62 

85.9 
960.42 81.41 

76.3 
981.26 83.00 

85.4 
1002.10 84.78 

78.2 
1022.94 86.41 

79.2 
1043.78 88.06 

81.6 
1064.62 89.76 

81.6 
1085.46 91.46 

77.3 
1106.30 93.07 

76.3 
1127.14 94.66 

76.8 
1147.98 96.26 

78.7 
1168.82 97.90 

1256.00* 

*Lost contact with second guardrail. 
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Note: For the reader who is interested in gaining a general idea 
of the value of this particular arresting system and not in the details 
necessary to document the technical aspects of this study, the authors 
recommend reading pages 2 cmd 5 and scanning the photographs in this 
report. 

February 28, 1969 
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INTRODUCTION 

Six crash tests of a "dragnet" vehicle arresting system were conducted 

by the Texas Transportation Institute under a contract with the Bureau of 

Public Roads as part of their program on Structural Systems in Support of 

Highway Safety. This "dragnet" system uses Metal Bender energy absorbing 

devices developed by Van Zelm Associates, Inc., of 1475 Elmwood Avenue, 

Providence, Rhode Island. Descriptions include photographs of the vehicle 

and arresting system before, during and after each individual test. 

DESCRIPTION OF ARRESTING SYSTEM 

This system consists of a net made of steel cables attached at each 

end to Netal Bender energy absorbing devices as sho"'n in Figure Al. The 

Metal Benders, which are supported on rigid steel posts, are steel boxes 

containing a series of rollers around which the met;ll tape is bent back and 

forth as it is pulled through the case. Each end of the net is attached 

to one end of the metal tape extending from a Metal Bender. TI1e Metal 

Benders are designed so that a specified force will be necessary to pull 

the metal tape through the case. This force is relatively independent of 

velocity and environmental conditions and depends on the size of the tape 

used. By varying tape size a number of different tape forces are available. 

Supplementary construction and installation data on this system were 

provided by Van Zelm Associates, Inc~ and are presented in Appendix A. 

Photographs of the arresting system used in these tests are shown in 

Figures 2 and 3. 

~·4 Jackson, M. and fv!ontanaro, L., "Arresting System for Snaggjng a Vehicle 
Leaving the Roadway Near Fixed Highway Obstacles," Van Zelm AssociC~tes, 
Inc., A Division of Entwistle Mfg. Corp., May 8, 1967. 
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CONCLUSIONS 

The Van Zelm dragnet vehicle arresting system performed basically as 

designed in all tests. The performance of the system '.vas very good in four 

of the six tests. In Test 4D the dragnet was engaged too low on the front 

of the vehicle, which resulted in the vel1icle's rear end vaulting the net 

after most of the longitudinal deceleration had occurred. In Test 4F the 

performance of the dragnet system was ideal until one of the tapes ran out. 

Had this tape been long enough to continue applying load until the vehicle 

was completely stopped, the performance probably would have been excellent. 

Deceleration levels were reduced to a small fraction of those which would 

be expected in rigid barrier impacts. Increasing design tape load results 

in shortening the stopping distance, increasing the deceleration level and 

increasing vehicle damage. For any given application of the dragnet system, 

the longer the allowable stopping distance, the more desirable are the 

deceleration characteristics of the system because a smaller tape load 

can be used. 

The height of the net \·Jds shmvn to be an important factor in the 

performance of the system. The net should be positioned so that it com

pletely entraps the front of the entering vehicle. If it is too low, a 

less desirable performance may be expected, as was found in Test 4D. Good 

performance was found when the lower main cable of the net was positioned 

four inches above the ground. 

No permanent damage was sustained by the dragnet system during any of 

these tests. All major components '.vere n~usable except for the expendable 

metal tapes. The system can be applied to a variety of situations by 

varying the Metal Bender tape tension, the tape length, and the geometry 
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of the installation. A variety of Metal Bender tape tensions are available, 

some of which are given in Appendix A. 

This series of tests has shown that reasonably accurate predictions of 

vehicle stopping distance and deceleration levels can be obtained using the 

equations developed in Appendix B. 

RECOl'1HENDATIONS 

The "dragnet" vehicle arresting system is an effective, practical, and 

economical system for safely stopping vehicles which are out of control at 

certain highway sites. Some obvious sites for its employment are: 

1. Protecting highway medians at bridge overpasses, 

2. As a barrier at "dead ends" of highways or roads, 

3. As a "dead-end" barrier at ferry landings or as a barrier to 

close off entrance and exit ramps of freeways, 

4. As a barrier to protect certain rigid obstacles in highway 

rights-of-way. 

It is recommended that the height of the arresting net be increased 

to approximately 4 ft. The net used in the tests was 3 ft. high, and in 

several tests (notably Test 4D) failed to completely entrap the vehicle's 

front end. It is desirable that the upper net cable clear the top of the 

car hood in order to more securely entrap the vehicle. 

The lowest Metal Bender tension force which is compatible with the 

available stopping distance should be selected. In general, Metal Bender 

tension forces of 12,500 lb. or less are recommended. The behavior of 

these "dragnet" systems can be predicted very well with the mathematical 

analysis presented in Appendix B. 

6 
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It is the opinion of the authors that with Metal Bender tension 

forces of G,OOO lbs. or less, acceptable stopping characteristics would 

bE achieved with the Metal Benders mounted flush with the ground, thus 

removing the hazard of the protruding anchor post or pier. Metal Benders 

of 4,000 lbs. or less can be mounted on single 6 to 8 inch diameter timber 

posts embedded 3 ft. or more in the ground unless the ground is extremely 

soft. The top of the timber post should not extend over 20 inches above 

the ground. These single timber posts would normally not be a significant 

hazard if struck by a vehicle. 

7 



Six vehicle crash tests of the "dr:l,;nct'' :trrl'sting sYstem I'Jc'rL' con--

due ted during the pet-iod of lltcccmlwr 19, l CJ(, 7 i.e' '\<'Vt'mhcr ';, ! lJhti. ,\ 

summary of this testing program is ;;iven [',;]• l {-' 

full--size vehicles \vere directed into li1L' s\·st •. •m. 

employed Hetal Benders Hith 2.5,000 pound tape L.,;;,_l_s. Thec;e tape loc;ds 

Each test \·Jas recorded using higll-spcc'cl motinn picture L3mc>rao;. Tille; 

film \vas analyzed to give detailed t.Lme-dL;pJ:tcC'ment cicJLl. LLHver speed 

motion picture cameras "'ere placed at selected points Lu provide a qu:JJ i-

tative record of the test in progr0ss. Still photographs of the vehicle 

before and after each tC'st and photogr3phs of v:Jrint!S detaiL; of tlw 

arresting system were obtained. 

Accelerometer transducers were attached to tl1c frames of the vehicles 

to determine deceleration levels during each test. Decel~ratlon traces 

are presented in Anpendix C. }1aximum decel0L1tions unclcr c;pccific>d 

filtering techniques were determined from tl1ese accelerometer traces, 

\vhile average decelerations were calculatc'd on t:le bacoic.; of initi;,] spL·ed 

and stopping distance. 

An Alderson articulated c.mthrooometric dumliv \vciglling 101 pounds ,,_,as 

used to simulate a human driver in each lest. A seat helt secttring the 

dummy \vas equipped 1vith strain guages 1vhich pcrmitt<c'd the measurement of 

seat belt force. Variation in this seat belt force during the progress 

of each test is presented in Appendix C. 
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TABLE l 

Summary of Test Program 

On Van Zelm "Dragnet" Arresting System 

Test No. 4A 4B 4C 4F 

Angle of Attack Head-On Eead-On !-'ead-On 

__ L_o_ad----(K_i_p_s_) ____ +-_2_5_._o __ -1---2-5_._o __ -r--2-5-._o __ -+-----25.o 1_2_._5 __ -+J--1_2 __ ·_5 ___ 
Tape Arresting ~O~- I 

Vehicle Weight 
4300 1460 1620 4520 1 37fO 388o 

--(-lb_s_._) _______ --t------t--------t------+----+--------+ ______ _ 

Vehicle 
Speed 

(mph) 
(fps) 

42 
61.8 

60 
87.4 

48 I 54 56 62 
69.7 I 78.7 82.6 Ql.9 

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

1
~ -437. -~ ~01-.- t-Il--- _5_1_2. ----

Vehicle Kinetic 
Energy (Kip-ft) 87 .l 513. 123. 
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TJ:ST 4A 

/1. Renault Dauphine \veighing 1460 pounds h'as directed head-on into 

the dragnet at a speed of 42 mpl1. The tape force for each Metal Bender 

was 25,000 pounds. All components of the system performed as desi~ned 

and the vehicle \vas stopped after penetrating 10.2 feet. Stopping 

distance is defined as tl1e distance the center of gravity of the vehicle 

travels after the car contacts the net. The Metal Bender strap pullout 

accounted for 63% of tl1e vehicle's initial kinetic energy of 87.1 kip-ft. 

The remaining energv was expended in stretching the net, crushing the 

vehicle (see Figure 5 ), and increasing the vehicle's potential energy 

due to raising the center of gravity. The amount expended in increasing 

gravitational potential energy was only about one kip-ft. 

The damage to the front of the vehicle was severe. The maximum 

longitudinal deceleration, shown in Figure Cl, was 16 g's. The average 

deceleration was 5.8 g's over 11.245 sc'c<.mcls. 

10 
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Figur e 4 , Sequential Photographs of Test 505-4A 
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TTST !; G 

.\ 4JCJ() pc'und Nercury sc,dan traveling 60 mph lvas directed head-on 

into the arresting systPm. The dragnet, wl1ich was equipped with 25,000 

oound tape tension ~etal Benders performed as designed. The vehicle was 

br,>ught tel a stop in 19.4 feet and tape pullout expended 58% of the 

vehiclv's energv. The front of the vehic·le was nulled dm,rn to the ground 

which causvd ,;orne frictional energv lusses. The change in potential 

energy due to the elevation of tile center of gravity viaS estimated to be 

about 17 kip-It, or 3.3X of the initial enrc•rgy. 

';"lie damage to Lhe front of the vehicle, shmvn in Figure 9, includes 

a duv:mv:lrcl lwnding of the• front c'f the VL'h icle' s frame. This lvas due to 

tl1e uet. ;tpplying :,r-essurc to tl1.:- lower portion of the vehicle's front end. 

The maximur;-, si~ni\L~ant deceleration, shm·m by Figure C3, was 16 g's, and 



Figure 6 , Vehicle Before Test 505-4B. 

Figure 7, Arresting System Before Test 505-4B. 
(Looking Along Path of Vehicle) 
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1 2 

3 4 

5 6 

Figure 8, Sequential Photographs of Test 505-4B. 
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TEST 4C 

A 1620 pound Volkswagen ~raveling nl 48 mph entered the arrPsling 

system at an angle of 30° •Jitll a perpendicu]ar to the net. All subsequent 

angle tests •vilJ be defined on this basis. Tiw vc·h ic l e Has stopped in 

13.8 feet, and pulled a tot.1l of l.4 tc:'ct ot t~l]W c1ut of the 25,000 pound 

~·letal Benders. This tape pulL,•ut consumed 70.1 Clf tile vehi,_·le's kinetic 

energy. The estimated energv necessary to impart a horizontal rotation, 

or spin, tc> th<:· vehicle and to cll'\'ate its L'Cnter of gravity 'di1S al>out 

3 klp-ft. These energy lc•vcls ~He· defined at the time during tlH' test 

•vhcn tht:' <apes stop pulling out of tile benders. The avcrase decelera-

tion level IV<lS 5.5 g's \Jhllc the maxi:mnn deceleration, slw~<.'n hv i"Lgllrc' 

C'S Ls about 13 g's. The vrohL ell' clnmage shmvn in Figure 1:2 ,,;cas mc,cleca rc. 

l 7 
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Figure 11, Vehicle Before Te" 5D5-4c 

~gure 12, Vehicle After Teor 505- 4c 
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1 2 
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Figure 13, Sequential Photographs of Test 505-4C. 
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TEST 4D 

In Test 4D a 4520 pound Oldsmobile sedan, traveling 54 mph, impacted 

the net on an initial trajectory of 10°. The high-speed films show a 

maximum travel of 23.5 feet after impact. Ih~ 25,000 pound Metal Benders 

allowed 8.6 feet of metal tape to he pulled through, accow1ting for 50% 

of the initial kinetic enervy. \-.1hcn the maximum tape pu1lout had occurred, 

the vehicle was estimated to have 36 kip-ft of rotational energy and 11 

kip-ft of gravitational potential energy. The net entrapped only the 

lower portion of the front of the vehicle. As the front pulled down below 

the vehicle center of gra.vity, the unl1alanced inertia force resulted in 

the vehicle's rotation about the restrained point (see figure 17). The 

vehicle was completely off the ground and the rear end went over and out

side of the restraining r:et after the L1pes had stopped pulling out. hThen 

the vehicle fell back to the ground, it came very close to rolling. The 

average and maximum significant longitttdinal decelerations were 4.1 and 

8 g's respectively. Figure C7 shows the accelerometer trac~ used to 

determine this maximwn deceleration. 

20 
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Figure 16, Sequential Photographs of Test 505-4D. 
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Figure 17, Sequential Photographs of Test 505-40 
Showing Behavior of Net During Arrestment . 
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TEST 4E 

ThLs tcest \vas similar to Test 45 in that a heavy car, a 3760 lb. 

Dodge sedan, was directed IIead-on into the dragnet at a velocity of 56 mph. 

llov:t>ver, in til is and the folJ m1ing test the >Tetal Bender tape load was 

cL:ccreased to 12,500 lbs. and the net \vas raised about 4 inches off the 

ground to better entrap the front of the vehicles. 

The vehicle was stopped in 26.3 feeL and pulled out a total of 30.7 

iet>t of tapc>, ,,,hich is equivalent to 384 kip-ft, or 96% of the vehicle's 

kinetic ent>rgy. The vehicle il;Id no significant rotational energy at 

maximum penetration, but had gained about 7 kip-ft of gravitational 

potential energy. 

The vehicle damage was minor,as would be expected since the maximum 

deceleration was only 7.0 g's, and the average deceleration was 4.0 g's. 

24 
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1 2 

3 4 

~~_.._,_ 

,{ "'~ ~": - .. \' .• '!,_."" "~ :· ,?('*lt ~ 

5 6 

Figure 22 , Sequential Photographs of Test 505-4E. 
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Figure tal Hendcr A te 
(Appro>:imz;t.,,ly t11c 
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As the final test in this series a 3880 pound Ford sedan traveling 

62 mph collided \vith the dragnet at an imnact angle of 30°. As in the 

previous test, 12,500 pound ~lctal Bender tapes were used. 

The tape on the right side was expended and pulled free of the Metal 

Bender before the vehicle had been brought to a stop. The system performed 

as designed up to the point of tape pullout. The net, which was still 

attached to one Metal Bender, caused the car to spin through an angle of 

about 120 degrees after pulling out the right tape before coming to rest. 

The tot a 1 tape pullout vJhen the right tape pulled free was 32.9 feet, 

which accounts for 89% of the kinetic energy lost up to that point. The 

high-speed films indicate that the vehicle had lost about 91~ of its 

initial erkrgv at this point and tl1at the speed v1as dmvn to about 17 mph. 

Tire tClU\ l tape pullout uf 38.5 feet at full stop accounts for 94% of 

the vehicle's initial cnergy. Comparisons of actual and theoretical 

values drt_' rPaclc> up to t-hl' pcdnt ,J[ tape expenditure. 

The deceleration levels ot 5.0 g's (maximum) and 4.1 g's (average) 

,., Damon, Albert; Stoudt, Howard 10.; ;cmd NcFarland, Ross A., JJ~e_ Human 
12_<1__cl_y i_Il_ Jc:_q_uip_rn~1t:_ p_e_:---;_iji1_1_, Ilarvard l'niversitv Press, Cambridge, 
~lassaclwsetts, 1066. 
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DISCUSSION 

The complete test series which 'vas conducted on the Van Zelm dragnet 

is summarized by Table 2. The vehicles used ranged in weight from 1460 

lbs to 4520 lbs. All test vehicles impacted the dragnet at its center. 

Tests 4A, 4B, and 4E were head-on tests, while Tests 4C, 4D, and 4F were 

30° angle tests. This means that the initial trajectory of the vehicle 

made an angle of 30° with a perpendicular to the original position of 

the dragnet. Tapes producing a 25 kip pull were used in Tests 4A through 

4D, while in Tests 4E and 4F this tape force was reduced to 12.5 kips. 

The energy absorbed by the Metal Benders ranged from 50% to 70% of 

the vehicle's initial kinetic energy for the first four tests which used 

the 25 kip tape loads. In Tests 4E and 4F the percent of energy absorbed 

by the Metal Benders ranged from 89% to 96%. Inspection of Table 3 will 

show several reasons for this difference. At the end of Metal Bender 

tape pullout, which corresponds approximately to zero longitudinal velocity, 

significant amounts of energy may remain in the form of gravitational 

potential energy and rotational kinetic energy. In most impacts there is 

some gravitational potential energy gain due to the tendency of the net to 

pull the vehicle down in front and for the rear end to rise. This results 

in an increase in the elevation of the vehicle's center of gravity. The 

total vehicle weight times this increase in elevation, Ep, is designated 

the gravitational potential energy at the end of tape travel. In the 

case of angle tests, there may be present a significant amount of hori-

zontal rotational energy, ERV• which is equal to one-half the product of 

the vehicle mass moment of inertia (about the vertical axis through the 

vehicle's center of gravity) times the square of the vehicle's angular 

32 



TEST ;\U. 4A 
---------- -------------- ~-- --------

/"-ngle of Im:1act Head-On 

\' ehi cle \''eight ( lbs) ]l+60 

Vehicle Velocity (mph) 42 

'leta1 Beucler 25.0 
Tape Load (kip) 

w Vehicle Deformation (ft) 1.8 
w 

Vehicle Stopping 10.2 
Distance (ft) 

Iula1 Metal Bender 2. 2 Tape Pulluut (ft) 

Energy Absorbed by 54.8 
01etal Render (kip-ft) (63%) 

:rax. Significant Decel-
eration (g's) (Elec- 16 
tromechanical curves) 

Avg. Deceleration (g's) S.8 
(Film - V2/2g1Snax) 

~ Up to point tape expended. 

!;P, 
4C ~ 

--------·---- ------ ----

J-Jead-On 3oo I 

l, 300 1620 
I 

GO 48 I 

25.0 25.0 

1.0 0.9 

19.4 13.8 

11.8 3.4 

296 86 
(58%) (70%) 

16 13 

6.1 5.5 

TABLE 2 . SUHMARY OF TEST RESULTS 

4D 4E 

30° Head-On 

!+520 3760 

54 56 

25.0 12.5 

1.5 0.3 

23.5 26.3 

8.6 30.7 

214 384 
(SO%) (96%) 

8 7.0 

4.1 4.0 

.t,r 

3880 

62 

12.5 

0.5 

29. 5'" 

32. 9>'< 

/+11 ,, 
(89%) 

5.0 

4. _lf< 

'IJ 

N 

"' '-0 



TABLE 3 

Tl::ST NO. 4B 
r 
I 4C 4D !" E 4F>: 

E:"l 

87 513 123 4 c3 7 /{0 1 51:'. 

55 296 86 214 384 481 

l 17 2 11 7 0 

0 0 1 34 0 0 

0 0 J 2 0 0 

31 200 34 176 10 31 
I 

I ! I i I 
__ L--_____ ___i_ _____ ~j ______ -------------------~--------___1_ ___ 1 

Initial vehicle kinetic energy 

EMB Energy expended in Metal Bender tape pu1Jnut 

Ep Gravitational potential energy at end of tape travel 

ERv Horizontal rotational energy (around vertical axis) 
at end of tape travel 

ERL Transvers~ rotational energy (around longitudinal 
axis) at end of tape travel 

EM Miscellaneous energy expenditure (cable stretch, 
vehicle deformation, contact with ground, etc.) 

;, Note the fact that these energy levels are up to the 
point of tape pullout only. 
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velocity about this axis. Also present may be transverse rotational 

energy, ERL' \vhich is defined in the same way as the horizontal rotational 

energy except that the mass moment of inertia and angular velocity is 

about the longitudinal vehicle axis. Other energy expenditures, EM, may 

be accounted for by the axial strain energy which goes into the cable and 

tapes, the vehicle deformation, and frictional losses such as contact of 

rigid portions of the vehicle \vith the ground. This last energy expendi-

ture was prevalent in Test 4B. It can be concluded, at least within the 

range of tape forces tested, that the lower the tape force the greater 

the percentage of energy dissipated in the Metal Benders. If the extreme 

example of a tape witl1 infinite load capacity is considered,almost all 

of the kinetic energy of the vehicle would be expended in vehicle deforma-

tion, rolling, etc. 

n convenient way of indicating the relative desirability of dragnet 

arrestments is to compare the deceleration levels determined by these 

tests witl1 the decelerations that would be encountered during a collision 

with a rigid barrier. The Attenuation Index is defined as the ratio of 

decelerations during an attenuated arrestment (for example by dragnet) 

with those estimated decelerations during a rigid barrier impact.* Botl1 

maximum and average Attenuation Indices (Aimax and Aiavg), which compare 

maximum and average deceleration levels, are presented in Table 4. 

Tests 4E and 4F, using 12,500 pound Metal Benders, have smaller 

Attenuation Indices than the first four tests. This is the obvious 

result of cutting the stopping force in half. This reduction in stopping 

force significantly reduces the vehicle damage. The relatively large 

'" Emori, Richard I., "Analytical Approach to Automobile Collisions," 
SAE Paper 680016, Engineering Congress, Detroit, January 8, 1968. 
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TABLE 4 . CONPARISON OF VAN ZELN "DRACNET" PERFOR:'L\NCE 

WITH RIGID BARRIER INPACT 

-r:~ ~ 
Tape I ; I I 

Test No. 

f----------~~--~ I -+- 12.5 I 
(lb.) 

I Vehicle Velocity (mph) 

I 

>'<Haximum Deceleration 
(Gmax) 

I 
I 

Dragnet 

1 Rigid Barrier 

Fverage Deceleration 
(Gavg) 

16 1 16 1 u 8 . 7. o 5. o I I ' I I _p:~ 
37.8 I 54.0 I 43.) I 48.6 +~0~4 55.8 j 

[ Dragnet 5. 8 6.1 4.0 

32.1 I Rigid Barrier 24.1 34.4 31.0 

Attenuation Index 

G Dragnet 
AI 

max 
max G Rigid max 

O.l7 I 0.14 0.42 0.30 0.30 

G Dragnet 
AI avg 

avg G Rigid 
avg 

I

ll 0.13 0.12 0.24 0.18 0.20 

*G Dragnet is from frame accelerometer data. 
max 

G Rigid = 0.9 (vehicle velocity in mph)*** 
max 

v2 
**G Dragnet from film data. 

avg 2gXmax 

G Rigid = 0.574 (Vehicle velocity in mph)*** 
avg 

'"''"'<Emori, Richard I., "Analytical Approach to Automobile Collis ions," 
SAE Paper 680016, Engineering Congress, Detroit, Januarv 8, 1°68. 
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energy differences between tape energy and initial kinetic energy in 

Tests 4A through 4D are the result of large energy expenditures on 

vehicle deformation. 

In Appendix B is a theoretical treatment which algebraically 

relates vehicle weight, velocity, tape force and stopping distance. 

F. 273 

The error induced by considering the vehicle to have no finite ,,,idth is 

approximately compensated for by the fact that after impact the "spreaders" 

at the ends of the net buckle, increasing the effective length of the net. 

Due to the fact that the main net cables loop over and under the front of 

the vehicles, and that the vehicles are deformed differently, some in

accuracy is expected, especially in arrestments with short stopping 

distances. It is also assumed in the calculations that the vehicle 

continues along its original path during arrestment, which is only a 

rough approximation in angled or non-centric hits. 

Figure 27 is a plot of Jragnet force on the vehicles against distance 

traveled after contact. The data used for this plot is taken from the 

theoretical calculations in Appendix B. A comparison of the calculated 

energy expenditures is shown in Table 5. The theoretical Metal Bender 

energy expenditures are obtained using the equations presented in 

Appendix B. As expected, the theory shows the greatest percent error 

for Test 4A, '.vhich had the shortest stopping distance and greatest 

relative deformation. 

From the theoretical treatment a plot of total Metal Bender tape 

pullout against Xmax• the theoretical stopping distance, \vas made for 

head-on 30° angled impacts. Neglecting other energy dissipation modes, 

the initial vehicle kinetic energy divided by the Metal Bender tape 
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Comparison of Vehicle Kinetic Energiea 

f L• Kip-Jt) 

······------- ---------~---1----------~ -----r-----r-:----l·----1 
TestNo. I 4A : 4B I 4C I I+D i L1E 

1 
4.F I 

-- ----·· ---------- ----------------:------------ -~ ------~-- ·--1--···-----r---·--t-----~ 
Iui tiel Kinetic I I ' I · I 1 

I 87.1 i 513 i 123 . 437 I 401 I L,64* I 

Ener~y of \'ehic1e r 1 I I 1 1' =.J 
I : I I ! . .. ----·-·-------- -----·-··-· ···- - ·-·-·--t- ·------· --·-i---------t-·-------~--~---+----·--f- I 

I I I Energy Expended by I 1 

Hetal Benders (from I 54.8 290 85.5 21!+ [ 384 !
1 

1411"' \ 
lltccasured tape :)u: lo:1t) ' ' 

---------------- ---__ L__ ----:-- ~-~-----~-----j 
;Ate.rgy from area :mcler i l \ 
Force·-Disp1acc~ment 1 : 

curve in Figun: 2 7. l'+Ci 450 105 ·1 440 365 JJ()>'< ! 
(Stoppint; distimce 1 

L -fro~' h i-g~~-:~::.~ ::~~~~~--- j__ -----'-----~ ______ l ______ : ------~--J 
* To expendicure of tape in right hand Metal Bender. 
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tension should t'qual tl1c tot:1l t:1pe pullout. 

velocity, determined from the hir;h-spcc>d films, cmcl <:\lculatin"' inLLL1l 

kinetic energy, and by lznoving tiH' ~lcLJl lll'JJlll'r Lnw tLcnsiuns, \}t' ,·an 

calculate the Lileorc•Lic;d tot'lL Llpe pulluut·. -sin(~ L'1i.c; v<lliiL_' <lnd 

from the high-speed film data in Table fi. In this comp:1rison, the m·:·n:.;ured 

stopping distance is the mea:3urecl stopping distance of Llw vchi.cle's 

center of gravity minus the Vl:hicle's dc•locni:JLion. 

traveled by the vehicle's front end after ,.,__,llL!cling th" ru·t:.) 

Again the percentage difference bel\veen actual :1nd thcPrctica1 

values is greater for short ,;topping dist:mces (high l'lctn] l',ender tensions). 

An examination of the high-speed films indicates that in Test ~C t!Jc' 

combination of the low, narrow front cone! of the vehicle and the collapse 

of the cond net spreaders, wl1ich occurred in every tesL, delays application 

of the main stopping force until the vehicle has traveled about four feet 

beyond initial contact. This is a considernhlc portion of the total 

stopping distance, and explains tl1e large difference betwecon measured and 

calculated stopping distance. For this vehicle's initial energy, Lhl• 

calculated total tape pullout is 4.9 feet. This C'Umparc,s favor:;bly wilh 

the actual measured tape pullout of 3.4 fcoet. The theoretical ca_lcLlnti_ons 

are applied to an example design problem in Appendix H. 
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• - HEAD-ON IMPACTS 

A- 30° IMPACT ANGLE 
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BOTH METAL BENDERS 
BECOME EFFECTIVE 

20_ HERE 

10. 

TOTAL TAPE 
PULLOUT 

1-

CALCULATED FROM EQUATIONS 

IN APPENDIX B, L = 33ft. 

Rl + Rz 
_ W y2 _ KINETIC ENERGY 
- ~ - TAPE TENSION 

10. 20. 
00~'------~~------~------~--------~------_L ______ _j 

50. 30. 40. 

2 
KE = WV = ( R,+ Rz): TOTAL TAPE PULLOUT, ft. 
T 2gT 

FIGURE 28, STOPPING DISTANCE VS. TOTAL TAPE PULLOUT 
-.I 
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! 

(;~ ) 
max ~r 

F.:?.78 

TABLic 6 

Comp<JrLc;on of Computed Stopping IJist;mcl's 

- -- ---r--- -. 
4,\ I 4/3 

J -----
1 

I 18.4 8.4 

--- ----:-- ·---,---~1 
41l I 4 E I 4 F I 

-+--2·-, 0 r2f~O-r29.0~ 1 

I 
. --·-_.)__ - - --

(X ) , (f t) '"''"' 
I lll<JX c 7.8 I 21.0 I 

I I 

-· -- -t~----t--·· 

1--·- l 
20.2 1: 27.7 1 29.5,., •

1 

---~-r- -- -- ~--- -i I 

I I I 

-1. 8 li + l. 7 I +0. 5"' I 

i- -~---- ----- -- ------·-- -- ----- --

1 (X ) , ·· (X ) , 1 (it) 
1. max C max h J 

I I 
-~-6 _I_ +2. 6 __ 

1
_ 

* Calculated up to point metal tape was expended. 

ick rlcasured stupping distance from film minus vehicle deformation. 

42 



F. 27) 

A P P E N D I X A 

Design and Installation 

DatZJ 



VAN Z ELM ~<YL:t:tzz'e.d 
4md2Ba ... tf'lf~~~~~~~ 

Mr. T. ,J. Hirsch 
Head, Structural Heseareh Department 
Texas A&M University 
College of Engineering 
College Station, Texas 77eJ3 

Dear Mr. Hirsch: 

!:"iC. 

1475 ELMWOOD AVENUE 

PRO'/IDF:NCE, RHODE ISLAND 02907 

TEL. ,40 I' 781·3500 

l\Lly l:J, l9G8 
i:lvrial Numbcl' S-:30~1 

This letter supplements the previous information transmittc'd to ,vou by our 
letter of April 29, 1968 and ans\\'ers your telephone request of l\b\ 1. 

Van Zelm has several Metal Bender Units 11·hich h<-wc been dc1·clopcd and 
tested and are adaptable for highway use. Tbesc units, 11ith their pertinent 
physical and operational characteristics arc pres en ted be lo11. 

Torture Chamber Tape Tape Tape l\bx. 
Mod. No. Size Load Nominal Hun out 

Hunout Possible 

Std. Dragnet.-MBP-1 1-l/±X. 050 2G UOH 2 00 Ft. . )()() Ft • ,, ,, 
-l\lDP-2 2'' X • OS 0 2 000 ii or -hOO Ft. 1000 Ft. 

t0001i 
Texas A&:M Con fig. 2'' X 3/8 2:J, OUOii 12. :J Ft. 18.7 Ft. ,, ,. 1-l/2 ''X3/c 18, :-iOOh lo.7 Ft. !8 .7 Ft. ,. " 

,. l X :3/tl 12':; ()()!r lb.7 Ft. lei. 7 Ft.,., 

Units may be combined to produce a desired tape load 11hit:h falls bl'tl\l'Cll 
the loads produced by the basic units. For cxamJllL' t110 -1000 lb. unHs may be 
combined to produce an 8000 lb. load or a ±000 lb. unit and a 2.:iOO lb. unit a 
6500 lb. load. 

Also attached is one copy oJ Van Zclm clra11ing lE-2rJ09 cll'tailing the dragnet 
test installation at T. T .I. 

LM:lt 
* The tapes used in Tests 41~ :1nd 4f 

were 25 feet in length. 

Vcrv truly 1 UUl'S, 

L. 1\Iontanaro 

SUBSIDIARY OF ENTWISTLE MANUFACTURING CORPORATION 
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A P P E N D I X B 

Theory and Design 

Example 



EQUATIONS FOR ANALYSIS OF VAN ZELM METAL BENDER DRAGNET SYSTEM 

HEAD-ON CENTRIC VEHICLE COLLISION 

Metal 
Bender 

L length of net, ft. 

Figure Bl 

T metal bender tape tension force, lb. 

R R1 = R2 = run out of metal bender tape (assuming all energy 

is absorbed by tape), ft. 

X = travel distance of vehicle after engaging net, ft. 

~ax = stopping distance, ft. 

F stopping force component on vehicle, lb. 

w weight of vehicle, lb. 

v initial velocity of vehicle, ft/sec. 

g acceleration due to gravity, 32.2 ft/sec 2 . 

47 
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Relatively simple equations will now be developed which will aid in 

selecting a desirable metal bending tape tension force (T) and length 

(~ax) in order to stop a given vehicle of weight (hi) and speed (V). 

Van Zelm now has available metal tapes and metal benders (sometimes 

called "torture chambers") \vhich provide tape tension forces (T) of 

2,500 lb., 4,000 lb., 12,500 lb., 18,750 lb., and 25,000 lb. Two of the 

4,000 lb. metal benders can be stacked on top of each other to provide a 

tape tension force of 8,000 lb. 

For these tape tension forces, we can compute the minimum required 

length of tape (R), the stopping distance required (Xmax), the maximum 

and average g forces on the vehicle as follows: 

Kinetic Energy of Vehicle 

Assuming all energy is absorbed by metal tape will yield the energy 

absorbed by metal bender tape 2TR 

Because of symmetry 

so 2T~ax 

The maximum tape run out is then 

(1) ~ax and ~ax Rlmax = R2max 

since system is symmetrical in this case. 

From Figure Bl, 

(2) X 

48 



(2b) 

(3) 

(3b) 

(4) 

(5) 

( 6) 

r- ·-- -----.. 

~ I:zri:ax + !S;ax L 

F.285 

Hhere \nax is the stopping 

distonce required ~or head-on 

coU ision. 

The stopping force component on the vehicle is, 

F 2T X 

v 
__ ____:. \-rr~K_ ___ _ 

+ .~ ~'···!'" ., •'-- .A L. 

2T 

The maximum G force on the vehicle is, 

The average G force on the vehicle would ' oe, 

\7/ 
~-~------

2gXmax 

A graph of F vs. X \vould be a,; shmvn bel ov1 

F 

From Equation 2, 

r 

2T 

1 
2 

2.T 

L 

2 

~·!axLnum vehicle stopping 

force for head-on collision. 



2T 

r• 

o "' F .D max. 
IJ., r-! 
u 
H 
0 h 

f--t.. 

0 X 
max. 

Vehicle Stops 

Vehicle Penetration, X, ft. 

Figure B2, Idealized Vehicle Stopping Force vs. 
Stopping Distance 

F .286 

The preceding analysis applied to the special case of the "Dragnet" 

system being struck by a vehicle head-on and in the center. When the 

vehicle strikes the "Dragnet" at an angle, the mathematics becomes .::1 

little more complicated. An analysis of this problem \vill now be 

presented. 

so 



BENDER 

Idealized analysis of Van Zelm Metal Bender Dragnet Arresting 
System for centric vehicle collisions at any angle 8. 

-METAL 
BENDER 

FIGURE B3. 

L Initial length of net and tape between Hetal Benders, ft. 

T Metal Bender tape tension, Kip. 

R1 and R2 = Metal Bender tape runouts, ft. 

X= Travel of vehicle along original path after contacting the net, ft. 

Xmax = Stopping distance after contacting net, ft. 

Fx = Stopping force componet along X, Kip. 

W Weight of vehicle, Kip. 

V Speed of vehicle at impact, ft/sec. 

g Acceleration due to gravity, 32.2 ft/sec 2 . 

8 Impact angle, degrees. 

},:.:_87 

Note: It is assumed that R2 0 for X ( L sin 8. (Derived from Law of Sines.) 
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(7) 

(8) 

Referring to Figure B3, the Pythagorean Theorem gives: 

f R + _lc_) 2 

l l 2 

This reduces to: 

(12 Jl/2 
(-

4
- + X2 +LX sinG -

Similarly, 

( 
12 ]l/2 

-
4

- + X2 - 1 X sinG -

0 

1 
2 

1 
2 

(for X > 1 sinG) 

(for X "'L sinEJ) 

Equations 7 and 8 can be solved for X in terms of R1 or R2 : 

[ 12 + Rl2 r/2 1 
4 sin 2 G + 1 R1 

2 
sinG (9) X 

(10) 

or X ( 12 c Rc 2 r/2 +-l 4 sinL'G + + 1 R2 sine (for X > L sin8) 
" 2 

The vehicle kinetic energy is related to the theoretical total strap 
pullout by: 

KE 

or KE 

wv2 
2g 

T (Rl + R max 2max 
) (vlhen not equal 

wv2 
2T~ax 2g 

since R1 
max 

system when 0 0° 

(for 0 = 0°) 

R because of symmetry of the 
max 
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(11) 

(12) 

(13) 

(14) 

The component of Metal Bender stopping force along X due to R 1 is: 

Similarly, 

X + 1:_ sin8 
2 

T ---=---
Rl + 1:_ 

2 

X 1 . G - 2 Sln 

T ----=--
R2 + !:_ 

2 

X+ 1 . , 2 s1ntl 
T -;=;;===:::::=====;-

~~2+ x2 +LX sinO 

r 
1 . r 

T ,I 12 X - 2 SlnJ 

l j 4 + X2 -1 X sinr] 

The total stopping force along X is: (for X> 1 sine), 

FT F 
Rl 

+ FR2 T 
X + ~ sinG 

+ 
X - 1:_ sinEJ 

2 

F.289 

~ 

~ 
12 ~ 12 

+ X2 +LX sinG -+ x2- LX sinG 
4 4 

X + ~ sin8 
T --------------------

w~--x-2 :-r~;--s l-. n-u' 
(for X :S 1 sinfJ) 

If all the vehicle's kinetic energy is absorbed by the Metal Bender 
tape pullout, then 

KE 

T 

wv2 
2g 

Xmax 

0 

J
Xmax 

0 

F d T X 

X + !:_ sinS 
2 

J1:2 + x2 + 1:: sinfi ~4 . . . 

(for X > 1 siniJ) 

53 
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dx + T 

X 1 . ~, - l Sln'~ 

Lsini:J 

dx 
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Let [~? + X2 + L X sinfJ l = u, and (~
2 

+ x 2 
- L X sinO] v 

(15) 

(16) 

Then du = (2X + L sinO)dx, and dv 

Therefore, 

KE 
wv2 
2g 

T 

2 J 
u- 1

/
2 du 

r )final 
T l2ul/7 + 2vl/2j 
2 )initial 

T 1 12 
- + X7 +L XsinO 
4 

+ 

0 

T 
2 

(2X - L sinG)dx 

12 
+ x2 - L X sin8 

4 

~~ax 

lsinEJ 

ll ~42 + / -----, 
T ~ Xffiax + L Xmax sinEJ + 

,/ L 2 2 ---., L L 
i 4 + Xmax -1 Xmax sinEJ - 2 2 

Or, 

KE 

,I ~42 + 2 ---. 
T ~ ~ax + L Xmax sin8 

L 
2 

,/ L ;> 2 ------, 
+ ~ 4 + x;ax - L ~ax sin8 

(for X > L sin8) max 

(for X < L sinS) 
max 

Note that the expression for total energy obtained by integration of 

FTdx (Equation lS)is equal to T(Rl + R2 ) using Equations 7 and 8. 
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For 9 = 30° (Tests 4C, 4D and 4F), Equations 7, 8, 9,15 and 16 become, 

respectively, 

L;~ 
+ x2 

1XIl/2 1 

4 + 2 J -2 

12 + x2 _\X r/2 _ ~ 
4 

(19) X r~r 
l/2 

0 1 
+ R'L + 1R 1 4 ,4 l 

(in terms of R1) 

r1 12 
l/2 

R 2 + Rr 1 +~ ,4) + 2 L 4 
or x= ~) (in terms of R2 if X > 2 

wv2 1f 1~------
+l 

12 2 L~ I 

(20) T ~ +-~ ax + + Xmax ---- 1 2g ax 2 4 2 

(for X > ~) 
2 

wv2 r l ~2 2 
LX----. 

L ~) (21) 'T' + _x;ax 
+ max (for X ~ 2g 

L I L+ 2 2 2 
\ 

For 8 0° (Tests 4A, 4B and 4E), Equations 7 and 8 become, 

(22) R 
L2 7 Jl/2 L 
4 + x~ - 2 

And Equation 15 becomes, 

(2 3) 
v.rv7 

2T r~~ - ~ 1 
2g 4 + Xmax 

' 2 ) 

From Equation 2 3, 

2 (KE + ~12 12 
rKEr x;;ax = 4 2T 2~ l2T 

(24) 

+ [~~] L 

F.291 

For head-on impacts, theoretical ~ax can be determined from Equation 24. 

For 30° angled impacts, see Figure 27. 
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Problem: 

Solution: 
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AN EXJ\~!PLE OF HO\v THESE EQUi\TlONS C:Ai< BE APPLIED TO 

THE DES_(~~ OF A:': ARRESTING SYSTEN l!STNG 

Design factors dictate that the arresting system must stop 

vehicles Hi tl~ veights up to 14500 pounds and speeds up to 

60 mph after en ,~r Lng the system at angles of up to 20° \vith 

the perpendicular to the net. Geometric factors limit the 

distance bet~Jeen the end anchor poc;ts to 30 feet and the 

maximum stopping distance to 30 feet. 

~Jhat is the requi reel minimum ~leta] Render tape tension ancl 

tape lengths. 

(See formulas on pages 51 through 5<4). Tl~f- tntal tape 

pullout, for a particular energy and tension, is about the 

saille regardle~;s of the angle of impact. Ilo>,.'ever, a preliminarv 

calculation, using Equations 7, 8, and 9, sho>,JS that the stop-

ping distance is greatest for 20°. 

20° as a limiting case. 

The critical design factors are: 

(sin 0max = 0.342) 

~ax 30 feet 

L JO feet 

Therefore use 0 = I< 'max 



Using these values in Equations 7 and 8-

Rlmax 
'~ ll I/ ~- + x2max + L~ax siniJ , -, 

- 1 I 2 
225 + 900 + 308 J - 15 

37.9 - 15 22.9 feet 

( 225 + 900 - 308 
11 I 7 

! 

15 

28.6 - 15 13.6 feet 

L 
2 

L 
2 

The minimum tape length is Rlmax = 23 feet, (::!pproximately) 

Total tape pullout = (22.9 + 13.6)feet 

The maximum vehicle kinetic energy is: 

h'V2 

2g 

From Equ:1tion 10, 

T . m1.n. 

(4500) (88)? 
64.4 

foot-pounds 

1 

R l max + R-)max 

36.5 feet. 

542,000 foot-pounds 

_2_~2, 000 d 
36

_
5 

poun s 14,850 pounds 

F.293 

Theoretically the minimum Metal Bender taoe tension is 14,850 pounds and 

the minimum length of tape required for runout in each l'letctl Bender is LJbout 

23 feet. The Metal Bender tape tension should nmv be chosen on tl1e basis 

of the available tcl;>e tensions, including son~e excess tape length as a 

safety [acto>. 
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TABLE Cl 

TEST RF 505-4A 

VAN ZELM METAL BENDER, HEAD-ON 

1958 RENAULT, 4 DOOR SEDAN, 1460 LB. 

Time 
Milliseconds 

0 

ll. 70 

23.40 

35.10 Impact 

46.80 

58.50 

70.20 

81.90 

93.60 

105.30 

117.00 

128.70 

140.40 

152.10 

163.80 

l7 5. 50 

187.20 

198.90 

210.60 

222.30 

HIGH SPEED FILM DATA 

Displacement 
ft 

0 

0.70 

1. 37 

2.17 

2.86 

3.60 

4.34 

4.99 

5.69 

6.35 

7.00 

7.65 

8.30 

8.82 

9.38 

9.93 

10.37 

10.82 

ll. 21 

ll. 50 

59 

Velocity 
ft/sec 

--~--~--

59.8 

57.3 

68.4 

59.0 

63.3 

63.3 

55.6 

59.8 

56.4 

55.6 

55.6 

55.6 

44.4 

47.8 

47.1 

37.6 

38.5 

33.4 

24.8 

F.295 



Time 
Milliseconds 

234.00 

245.70 

257.40 

269.10 

280.80 

292.50 

TABLE Cl 

TEST RF 505-4A (continued) 

Displacement 
ft 

11.80 

12.02 

12.15 

12.25 

12.32 

12.32 

60 

Velocity 
ft/sec 

-~-~---- ~ 

25.6 

18.8 

11.1 

8.6 

6.0 

0.0 

F.296 



TABLE C2 

TEST RF 505-4B 

VAN ZELM METAL BENDER, HEAD-ON 

1960 MERCURY, 4 DOOR SEDAN, 4300 LB. 

HIGH SPEED FILM DATA 

Time 
Milliseconds 

0 

13.00 

26.00 

39.00 Impact 

52.00 

65.00 

78.00 

91.00 

104.00 

117.00 

130.00 

143.00 

156.00 

169.00 

182.00 

195.00 

208.00 

221.00 

234.00 

247.00 

260.00 

Displacement 
ft 

0 

1.12 

2.29 

3.41 

4.49 

5.63 

6.72 

7.84 

8.89 

9.91 

10.93 

ll. 88 

12.83 

13.74 

14.60 

15.44 

16.29 

17.02 

17.76 

18.47 

19.07 

61 

Velocity 
__ £!./sec 

86.2 

90.0 

86.2 

83.0 

87.7 

83.9 

86.2 

80.7 

78.5 

78.5 

73.1 

73.1 

70.0 

66.1 

64.6 

65.4 

56.2 

57.0 

54.6 

46.2 

F. 297 
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TAGLE C2 

TEST RF 505-4B (continued) 

Time Displacement Velocity 
Hilliseconds ft __ll:j_s_es:__ 
- -- --~------ - ------·-----

46.2 
2 73.00 19.67 

43.9 
286.00 20.24 

38.5 
299.00 20.74 

33.9 
312. 00 21.18 

28.5 
325.00 21.55 

23.1 
338.00 21.85 

20.8 
351.00 22.12 

16.1 
364.00 22.33 

12.3 
377.00 22.49 

12.3 
390.00 22.65 

6.2 
403.00 22.73 

3.8 
416.00 22.78 

2.3 
429.00 22.81 

0.0 
442.00 22.81 
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TABLE C3 

TEST RF 505-4C 

VAN ZELM METAL BENDER, 30° ANGLE 

1955 VOLKSWAGEN, 2 DOOR, 1620 LB. 

HIGH SPEED FILM DATA 

Time Displacement 
Milliseconds ft 

0 0 

12.00 0.85 

24.00 1.68 

36.00 Impact 2.51 

48.00 3.30 

60.00 4.15 

72.00 4.98 

84.00 5. 77 

96.00 6.56 

108.00 7.38 

120.00 8.19 

132.00 8.96 

144.00 9.75 

156.00 10.52 

168.00 11.23 

180.00 11.96 

192.00 12.52 

204.00 13.06 

216.00 13.62 

228.00 14.15 

240.00 14.65 

63 

Velocity 
ft/sec 

70.8 

69.2 

69.2 

65.8 

70.8 

69.2 

65.8 

65.8 

68.2 

67.4 

64.1 

65.8 

64.1 

59.1 

60.8 

46.6 

45.0 

46.6 

44.2 

41.6 

F.299 



Time 
Milliseconds 

252.00 

264.00 

276.00 

288.00 

300.00 

312.00 

324.00 

336.00 

Ti\BLE CJ 

TEST RF 505-4C (continued) 

Displacement 
ft 

15.10 

15.42 

15.74 

15.92 

16.13 

16.23 

16.30 

16.30 

64 

Velocity 
ft/sec 

~------

37.5 

26.6 

26.6 

15.0 

17.5 

8.3 

5.8 

0.0 
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TABLE C4 

TEST RF 505-4D 

VAN ZELM METAL BENDER, 30° ANGLE 

1958 OLDSMOBILE, 4 DOOR, 4520 LB. 

HIGH SPEED FILM DATA 

Time 
Milliseconds 

Displacement 
ft 

0 0 

ll. 90 0.93 

23.80 1.91 

35.70 2.80 

47.60 3.78 

59.50 Impact 4.68 

71.40 5.64 

83.30 6.58 

95.20 7.50 

107.10 8. 39 

119.00 9.31 

130.90 10.18 

142.80 ll.ll 

154.70 ll. 96 

166.60 12.91 

178.50 13.73 

190.40 14.60 

202.30 15.44 

214.20 16.27 

226.10 17.05 

238.00 17.77 

65 

Velocity 
ft/sec 

78.2 

82.4 

74.8 

82.4 

75.6 

80.7 

79.0 

77.3 

74.8 

77.3 

73.1 

78.1 

71.5 

79.8 

68.8 

73.1 

70.6 

69.8 

65.6 

60.5 

F.30l 



Tjmc' 

f•1il1 i seconds 

261.80 

27J.)l) 

28'J.SO 

297.50 

309.40 

321.30 

333.20 

345. lO 

357.00 

368. 90 

i80. 80 

392.70 

416.50 

428.40 

440.30 

452.20 

464.10 

476.1)0 

487.% 

499.80 

TEST Rr SU5-4u (c·Dntimted) 

Displacement 
ft 

l8.SS 

1Y.24 

!9. 92 

20.57 

2!. l7 

21. 78 

22.29 

22.84 

23. 2.5 

23. n 

74 .. 81 

25.18 

25.46 

25.81 

26. lJ 

26 .Ld 

26.65 

26.06 

:u. 24 

r} ., C ') 
'-I • .J" 

Velncity 
f t C:•' 

68.] 

55.5 

57.2 

54.6 

50.4 

51.2 

42.8 

46. 1 

%.5 

40.3 

lL9 

37.8 

21.0 

;i l. l 

2'3.5 

29.4 

26.9 

25.2 

18.5 

26.1 

23.5 

2 3. s 



Time 
Milliseconds 

511.70 

523.60 

535.50 

547.40 

TABLE C4 

TEST RF 505-4D (continued) 

Displacement 
ft 

27.72 

28.06 

28.19 

28.19 

67 

Velocity 
_ _fJ:_Isec _ 

16.8 

28.6 

10.9 

0.0 

F.303 



TABLE C5 

TEST RF 505-4E 

VAN ZELM METAL BENDER, HEAD-ON 

1961 DODGE, 4 DOOR, 3760 LB. 

HIGH SPEED FILM DATA 

Time Displacement 
Milliseconds ft 
~-----

0 0 

12.59 1.143 

25.1S 2.1S4 

37.77 3.296 

50.36 4.276 

62.95 5.225 

75.54 6.256 

SS.13 Impact 7.276 

100.72 S.2S6 

125.90 10.1S9 

151. OS 12.168 

201.44 16.050 

251. so 19.443 

302.16 22.616 

352.52 25.443 

402.S8 27.846 

453.24 29.734 

503.60 31.230 

553.96 32.317 

604.32 33.078 

68 

Velocity 
f t/ sec 

90.8 

82.7 

88.3 

77.8 

75.4 

81.9 

Sl.O 

80.2 

75.6 

78.6 

77.1 

67.4 

63.0 

56.1 

47.7 

37.5 

29.7 

21.6 

15.1 

F.304 
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TABLE C5 

TEST RF 505-4E (continued) 

Time Displacement Velocity 
Milliseconds ft ft/sec 

8.6 
654.68 33.512 

2.1 
705.04 33.619 

0.3 
755.40 33. 63L, 

-2.6 
805.76 33.501 

-1.9 
856.12 33.404 

-3.2 
906.48 33.241 

-3.5 
956.84 33.063 

-3.2 
1007.20 32.901 

-3.0 
1057.56 32.748 

-4.0 
1107.92 32.544 

-4.5 
1158.28 32.315 

-3.4 
1208.64 32.142 

-3.6 
1259.00 31.958 

-6.4 
1309.36 31.637 

-4.0 
1359.72 31. 438 

-5.2 
1410.08 31.178 

-5.4 
1460.44 30.908 

-3.0 
1510.80 30.755 

0.0 
1561.16 30.755 

69 
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TABLE C6 

TEST RF 505-4F 

HIGH SPEED FlU! DATA 

Time Displacement Velocity 
:-1illiseconds ft __!_1:: / s e c 

0 0 
90.5 

10.06 .910 
91.6 

20.12 1. S32 
90.0 

30.1S 2. 73S 
95.6 

40.24 Impact 3. 700 
S7.3 

60.36 5.456 
SS.5 

S0.4S 7.236 
S5.3 

100.60 S.952 
S0.5 

120.72 10.572 
Sl. 9 

140.S4 12.220 
7S.3 

160.96 13.795 
77.5 

lSl. OS 15.355 
75.0 

201.20 16.S63 
6S.7 

221.32 1S.245 
69.5 

241.44 19.643 
66.5 

261.56 20.9Sl 
62.3 

2S1.6S 22.235 
61.9 

301. so 23.4S1 
56.4 

321.92 24.615 
54.2 

31+2. 04 25.705 
53.4 

362.16 26. 779 
4S.4 

3S2.2S 27.753 

70 



TABLE Ci• 

Time 
l'Ji 11 iSOl'CIIldei 

2d.n95 

l3.0J8 

35.3CJ8 

b6'3.96 36.:'52 

36.60() 

37.008 

71 

Vel'lity 
fj· 

!;O • . s 

3 7 •. 'i 

28.) 

2E. i 

2 c· I 

_)' -· 
19. 7 

22,7 

18. j 

::.2. 1 

1 7. 7 

F.'307 
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TECHNICAL MEMORANDUM 505-5 

Texas Transportation Institute 
Texas A&M Research Foundation 

TIMBER POST ENERGY ABSORBING 

PROTECTIVE BARRIER 

A Tentative Progress Memorandum on Contract No. CPR-11-5851 
U.S. Department of Transportation 

Federal HighHay Administration 
Bureau of Public Roads 

by 

T. J. Hirsch 
Research Engineer 

Harry L. Smith 
Engineering Research Associate 

and 

Don L. Ivey 
Associate Research Engineer 

This crash test ar.d evaluation Has conducted under the Office of 
Research and Developmer.t, Structures and Applied Mechanics Division's 
Research Program on Structural Systems in Support of HighHay Safety 
(4S Program). The opinions, findings, and conclusions expressed in 
this report are those of the authors and not necessarily those of the 
Bureau of Public Roads. 

April 30, 1969 



INTRODUCTION 

On March 15, 1968, the Texas Transportation Institute conducted a 

full-scale vehicle crash test of a timber post energy absorbing protec

tive barrier. The purpose of the timber post barrier was to stop 

vehicles at low levels of deceleration. Included are photographs of the 

vehicle and barrier before and after the test and a summary of the high 

speed motion picture film data. 

BARRIER DESCRIPTION AND FUNCTION 

F.321 

The timber post barrier was proposed in the final report of Project 

HPR-2(104), Contract No. CPR-11-3550 concerning Highway Sign Support 

Research. This barrier was designated System III in Volume 3 of the final 

report entitled ''A Feasibility Study of Impact Attenuation or Protective 

Devices for Fixed Highway Obstacles." 

The timber post energy absorbing protective barrier consisted of 

49 creosoted timber posts, 6 inches in diameter by 6 feet long. The 

posts were embedded 3 feet in clayey soil. Behind the array of posts was 

a 2 foot diameter concrete post surrounded by a 3 foot thick shell of 

polyurethane foam. Figure 1 gives a description of the barrier which was 

tested, and Appendix A shows a proposed application of this protective 

barrier. At impact, the bending over of successive posts in the soil is 

intended to absorb the kinetic energy of the vehicle. The resistance 

provided by each timber post bending over in the soil exerts a stopping 

force on the vehicle. The cumulative effect of these forces provided by 

the posts was intended to decelerate the vehicle to the final condition 

of zero velocity. 

2 
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TEST RESULTS 

Figure 2 shows the vehicle and barrier at various stages of their 

interaction. The 3880 lb. vehicle struck the timber post barrier head

on at a speed of 54.5 mph. The vehicle ramped on the posts and became 

airborne approximately 350 milliseconds after initial contact. The 

change in velocity at this time was 41.7 mph. The average longitudinal 

deceleration over the initial 352 millisecond interval was 5.4 g's; 

the peak longitudinal deceleration was 20 g's. The vehicle remained 

airborne for 960 milliseconds (0.96 seconds), corning to rest on top of 

the posts. 

The following conclusions can be drawn from Test 505-5A: 

1. The barrier did not function as intended. 

2. The vehicle damage was severe (see Figures 5 and 6). 

3. DanugE to the timber post barrier was moderate. The first 

three rows of posts were pushed over. 

4. The deceleration level was severe. 

4 
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Figure 2. Sequential Photographs of Timber Post Barrier Test . 
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6 

7 

10 

·Figure 2 (continued). 
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TABLE 1 . COMPARISON OF POST BARRIER IMPACT PERFORMANCE 
WITH RIGID BARRIER IMPACT 

---------------·--------- ----

TEST NUt-1BER SA 
i-------------------
1 VEHICLE WEIGHT (lb) 3880 
1---------------------------------T------------~ 

I 
VEHICLE VELOCITY (mph) 54.5 

--- ·--- ------------------- ---·--------- --------

! MAXIMUM DECELERATION (G max) 

POST BARRIER 
RIGID BARRIER* 

AVERAGE DECELERATION (G avg.) 
(over first 352 msec after 

POST BARRIER impact) 
RIGID BARRIER''' 

-----------------------
ATTENUATION INDEX 

G Post 
AI(max.) = _G_m_a_x ____ ~ 

Rigid max 

AI (avg.) 
G Post avg 
G Rigid 

avg 

20 g's 
49.1 g's 

5.4 g's 
31.3 g IS 

0.41 

0.17 

F.326 

"'' Estimated Maximum Deceleration 
Estimated Average Deceleration 

0. 9V, lvhere V is in mph. 
0.574V, where V is in mph. 

Emori, Richard I., "Analytical Aoproach to Automobile 
Collisions," SAE Paoer 680016, Engineering Congress, 
Detroit, January 8, 1968. 
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TABLE 2. SUMMARY OF CRASH TEST DATA FROM HIGH-SPEED FILM 

FOR CREOSOTED TI1'1BER POSTS. RF 505-SA 

-~-~-~-~--------~ ~~----~------~- ~-- ~~-T-- ---------~~-~~--~ 

TEST NUMBER 

VEHICLE 

FILM DATA 

Velocity (mph) 
Velocity (fps) 
Velocity Change (mph) 
Velocity Change (fps) 
Average Deceleration (g's) 

Peak Deceleration (g's) 
Duration of Impact (sec.) 
Stopping Distance (ft.) 

OBSERVATIONS 

Vehicle Deformation (ft.) 
Barrier Penetration (ft.) 
Vehicle Damage 
Barrier Damage 

L_~-~-~~---~------~-----~~- ----~--~~-~-~---~- ~---~ ~ ~-- -~ 

9 

SA 

1961 Ford, 2 Dr. Sed., 
3880 lb. 

54.5 
79.9 
54.5 
79.9 
5.4 (over first 

352 msec following 
contact) 

20 
1. 313 

27.3 

1. 37 
8.39 

Severe 
Moderate 

F.328 



F.329 

DISCUSSION AND SUi-f:'L'\RY 

absorbing protective harrier. The objc·ctive of the t in•her po;;t barrier 

was to stop the vehicle ~l.t lmJ lc>vc l s ,,f dec c] c'l':~tio;1. The barrier con-

sisted of 49 creosoted tir.1ber postoc;, (o indH'S in dLlrlL'tc•r 2nd 6 feet long. 

Behind the array of posts \vas 3 2 foot L ind1 diar:Jet,'r simulated bridge 

pier surrounded by a 3 foot thick cu';l!lon oi- pzllYureth:•nc' foam. 

achieved. From the photographic :_tnalysis, ct appc'ilL'i that impact lvith 

the front three rmvs of timbt>r jXl.',tc; resulted in an l'nergy transfer of 

larger magnitude th,:m ant icip3Lc·cl. 

and HcHenry, "Pighl,'dV Gu:1rdr,,; 1 s -

Aeronautical LeJborc1tory, i:;dic·ateJ '"' 

Rcvi ~--,, .. _, of Ctlrrent Prz1cr icc," Cornell 

15,000 ft.lbs. of energy. Til·.' pc>';t< in Lilic· installation uhich 1-,•c•re over-

turned by the vc>hicle :•p)Xlrv'1~ l · ''~' l-bE"ci cJbuut three t irnes this much 

energy. Analysis uf the' hi.gh spL·ecl f'ln:s reveals that the front rmvs of 

posts were pushed over as intencicd, but ti-t""'e "pushed-over' 1 posts formed 

a ramp \Vhich resultc'd in l'l1e vc-•lticlc becur;in;~ airborne. The soil sur

rounding the timber posts and the clcpt:lt of c·JT:bedmc>nt has a great effect 

on the mode of energy transfer and aJso en Lhc rr.agJlitudc• of tl1e decelc>ra

tions. The post spacin~ also appears to be a sic.cnificant factor. 

Additional information is needed to establish the proper post embed-

ment and post spacing for different types ot soils so that the vehicle 

ramping problem can be overcome. Reducing the• post cross-section so it 

\vill break is not desirable bL>CJUSE' the c•nerc:y CJh:-;orption charaL·teristic 

](I 
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cvilL :1Lso be grc,ltly reduced. Consequently a very large number of posts 

would be required. Tl1c impurtnn•:e of the soil in the post-soil interaction 

\I:JS discussed at lengt)J in '[\clmic::Jl J'lE~morandum sus-3"'. Dynamic tests 

evil i ch may a5_d signific<tntly in the Jesign of this type c)f barrier are nmv 

be Lng cunducteJ by the~ Texa" Trcmspurtation Institute as part of Research 

Stucb 410:5, sponsored by the Texas Highway Dcopartment and the Bureau of 

The authors believe that additional research on the app]ica-

tion of these principles to the design of protective barriers could result 

in a workable system. 

CU:\CLUSION 

The full-sc:Lle vehic] <2 crosh test on a t irnber post energy absorbing 

protective IJarr Ler revealed cl1at the c:mbeclrnent of the timber post, the 

spacing onc1 the soil conc!irion ar~ decisive factors in the proper opera-

tiun of the, barrier as a vehicle attenuation device. 

,\ltlwugh the crash test did not yield the desirable feature of low 

cl~'Cl'lrorat-ion levels, modifications of this timber post harrier design 

and an ~\\-lareness of the soil_ inDuence on tl1e failure mode and magnitude 

of energy absorption moy result in an effective timber post energy 

absorbing protective barrier. 

"One-Hay Guardrail Installation", Don L. Ivey and T. J. Hirsch. Texas 
Transportation Institute, Tecl1nical Memorandum 505-3, January, 1969. 
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TABLE 3. 

SUMMARY OF CRASH TEST DATA 

Test 505-5A 6 in. diam. creosoted Timber Posts 6 ft. long, embedded 
3 ft. in clayey soil . All posts spaced 2 ft . center to 
center. 14 rows of 3, 4, 3, 4 , etc. , posts in each row . 

Vehicle Weight = 3880 lb. (1961 Fo rd, 2 door) 

Vehicle Velocity 54.5 mph or 79.9 fps 

Change in Velocity 54.5 mph or 79.9 fps 

Average Deceleration= .5.4 g ' s (over initial post contact time 
interval , 3.52 msec) 

Peak Deceleration= 20 g's 

Du ra t ion of Impact - 1.313 sec. 

St opp i ng Distance= 27.3 ft . 

Rema r ks : Severe damage to vehicle. Vehicle ramped on posts and was 
launched into the air 3.52 milliseconds after impact. The 
change in velocity at this time after impact was 61.1 fps. 
The average deceleration over this 352 milliseconds was 
'>. 4 g ' s. The peak deceleration was 20 g 's. 

1 2 



FIGURE 5. VEHICLE BEFORE COLLISION. 
1961 FORD , \.'EIGHT 3880 LB . 

FIGURE 6 . VEHICLE DAMAGE. 
VEHICLE DEFORMATION 1. 37 FT. 
BARRIER DEFORMATION 8 . 39 FT. (measure d 

in terms of ro\vs of damaged pos ts) . 
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A P P E N D I X A 

Design Drawing of Timber Post 

Energy Absorbing Protective Barrier 
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A P P E N D I X B 

Photographic Data 



TEST RF505-5A 

6 in. Diam. Creosoted Timber Posts 6 Ft Long, Embedded 
3 ft in Clayey Soil. All Posts Spaced 2 Ft Center to 
Center. 14 Rows of 3, 4, 3, 4, etc., Posts in Each Row. 

Tiee Displacement Velocity 
~:il.liseconds ft ft/sec 
----------· ---~ ---~------ ---- ------- ------

0 0 

79.2 ~ 20.20 1 • 60 
79.2 79.9 

40.40 3.20 
81.1 

>'<60. 60 >'<4. 84 
72.8 

80.80 6.31 
73.3 

101.00 7.79 
60.3 

121. 20 9.01 
52.0 

141.20 10.06 
44.1 

161. 60 10.95 
31.7 

181.80 11.59 
31.2 

202.00 12.22 
23.8 

222.20 12.70 
26.2 

242.40 13.23 
19.8 

262.60 13.63 
16.8 

282.80 13.97 
24.2 

303.00 14.46 
14.9 

323.20 14.76 
19.3 

343.40 15.15 
20.3 

363.60 15.56 
19.3 

383.80 15.95 
21.3 
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Time Displacement Velocity 
Hilliseconds ft _!__t)__::s_~_ -------- ~·--~----

404.00 16.38 
·I;·{:: 18.8 

424.20 16.76 
19.8 

444.40 17.16 
21.8 

46!f. 60 17.60 
16.3 

484.80 17.93 
18.3 

505.00 18.30 
20.3 

525.20 18. 7l 
21.2 

545.40 19.111 
20.3 

565.60 19.55 
18.8 

585.80 19.93 
17.8 

606.00 20.29 
15.4 

626.20 20.60 
20.3 

646.40 21.01 
21.3 

666.60 21.44 
13.9 

686.80 21.72 
13.4 

707.00 21.99 
23.8 

7Z 7. 20 22.U7 
16.3 

7!+7.40 22.80 
15.8 

767.60 23.12 
10.4 

787.80 23.33 
21.8 

808.00 23.77 
17.8 

828.20 24.13 
16.8 

348.40 24.47 
l7. 8 

868.60 24.83 
14.9 

888.80 25.13 
19.8 

19 
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TimE' Displacement Velocity 
HiJliseconds ft ft/sec 
---- -~----· ------------ ---~- -----~~---

909.00 25.53 
12.9 

929. 20 25.79 
16.3 

9!+9. 40 26.12 
17.8 

969.60 26.48 
13.9 

989.80 26.76 
17.4 

1010.00 27.11 
13.9 

1030.20 27.39 
19.3 

1050.40 27.78 
14.4 

1070.60 28.07 
](). 3 

1090.80 28.40 
] 2. 4 

1111.00 28.65 
14.3 

1131.20 28.94 
20.8 

1151.40 29.36 
12.9 

lJ 71.60 29.62 
12.9 

1191.80 29.88 
15.8 

1212.00 30.20 
14.8 

1232.20 30.50 
12.9 

1252.40 30.76 
16.3 

1272.60 31.09 
12.9 

1292.80 31.35 
15.3 

1313.00 31.66 
10.4 

1333.20 31 . 87 
8.4 

1353.1+0 32.04 
3.9 

,',"'-''1373. 60 32.12 
-1.9 

1414.00 32.04 
-8.2 
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I NTRODUCTION 

On May 7, 196 8 , a vehicle crash test was conducted by th e Texas 

Transportation Institute to evaluate a polyurethane foam impact attenua

tion ba rri er. This . report, which describes the results of that test, 

includes photographs of the vehicle and barrier before and after the 

t es t, sequential photographs of the t est in progress, and data from 

e lect r omechanical instrumentation . 

DESCRIPTION OF BARRIER 

Th e po l yur e thane foam barrier was proposed in the final report of 

Project HPR-2(104), Contract No. CPR--11-3550 concerning Higlmay Sign 

Support Research. This barrier \vas designated System I in Volume 3 

of the final r eport entitled "A Feasibility Study of Impact Attenuation 

or Protective Devices for Fixed Highway Obstacles . " 

Th e barrier, which was used to protect a simulated rigid concrete 

pier, consisted of a mass of polyurethane foam surrounded by a sheet of 

16 gage sheet steel (see Figure lA, Appendix A, for details). The 

barrier was held in place by four-inch diameter wood posts. The entire 

ba rri e r r ested flush with the gr ound . Blocks of polyurethane foam 

were placed in the sheet steel form, and the upper surface was coated 

wi th wa t er-proof mastic . The densit y of the foam in the front half of 

the barrie r was approximately two pounds per cubic foot, while that of 

the foam in the rear half was approximately three pounds per cubic foot. 

Figure 2 is a photograph of t he barrier prior t o the crash test. 

2 
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Figure 1 , Vehicle Befor e Test 505-6A. 

1959 Simca , Weight 2060 pounds . 
(Note Cable Guidance System a nd Stadia Board) 

Figure 2 , 

Polyurethane Foam -

Barrier -

Po l yure(hane Bar rier Before Test 505-6A. 

Nose, 1 . 94 lbs/ft3; Crush Streng t h app ro x . 20 psi 
Rear, 2 . 72 lbs/ft3; Crush Stre ng th approx . 35 psi 
36 " high x 66" \vide x 20' l ong 
Surrounded by 16 gage Sheet Stee l 
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DESCRIPTION OF TEST 

A 1959 Simca 4-door sedan weighing 2060 pounds was directed into 

the barrier head on (along the barrier's longitudinal axis) Hitl: an 

initial speed of 48.1 n:ph. The vehicle Has accelerated under its O\v'll 

power, and directional control was by means of a cable guidance device 

attached to the left front wheel (see Figure 1). 

Two Hycam high speed cameras, operated at 500 frames per second, 

recorded the test for subsequent time-displacement analysis (Table lB). 

In addition, a 128 frame per second Bell & HoHell camera and a Bolex 

24 frame per second camera provided qualitative photograpbic data. 

Longitudinal vehicle deceleration Has recorded from tHo CEC accel

erometer transducers attached to the vehicle's frame, one in front of 

and one behind the transverse vertical plane through the center of mass. 

Figure 2B is a reproduction of the traces obtained from these devices. 

An Alderson articulated anthropometric dummy \veighing 161 pounds 

Has used to simulate a human driver. The dummy, Hhich was secured by 

a seat belt anchored to a Strainsert strain gage, was equipped inter

nally with three Statham accelerometers mounted orthogonally. Due to 

an equipment malfunction, the only interpretable data was from the 

accelerometer mounted sternumward in the dunm1y. This data is shmm in 

Figure 3B. 

A stadia board was mounted on the vehicle to facilitate photographic 

displacement measurements. 
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DISCUSSION 

A summary of test data is shm.,rn in Table 1. The initial energy of 

the vehicle was 159 kip-ft. The vehicle was stopped four feet after 

impact, resulting in an average deceleration of 19.4 g's. 

The barrier Has deformed about 2. 75 feet, Hhile the vehicle deformed 

about 1.25 feet. Precise measurement of the magnitude of deformation in 

the nm bodies >vas difficult because the deformations 1vere not confined 

to a plane perpendicular to the direction of motion. However, the damage 

to the front of the vehicle, as shoHn in Figure 4, is considered severe. 

The vehicle's steering Hheel Has bent by the upper portion of the clummy. 

During the collision the vehicle's Hheels lost contact with the 

ground, and the front portion of the barrier Has slightly lifted. The 

wooden post in the barrier at the point of impact Has completely severed, 

while four other posts were displaced by varying amounts. During the 

test, several large pieces of the polyurethane foam were propelled up 

and out of the barrier (see Figure 3). The high speed films show that 

this disintegration occurred just before the vehicle had been brought 

to a stop, and therefore it is unlikely that it had a significant effect 

on the outcome of this test. 

Figure 6 shows a comparison of the force-displacement curve obtained 

experimentally from the high speed films Hith that from the theoretical 

treatment in Appendix C. A theoretical stopping distance of 4.15 fEoet 

compares favorably with the actual stopping distance of 4.0 feet. The 
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theory is an idealized treatment which neglects the effect of the posts 

in the barrier. This may partly account for the high estimate. However, 

in view of the assumptions made in the theoretical treatment, more tests 

would be required to establish the accuracy of predictions made from the 

theory. 
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TABLE 1 

SU}1NARY OF TEST DATA 

----,----

Test Number 505-6A 

Vehicle \veight 2060 lbs. 

----------

Data From High Speed Films: 
70.6 ft/sec 

Initial Velocity (48.1 mph) 

Initial Kinetic Energy 159 Kip-ft 

Stopping Distance"' 4.0 ft 

Stopping Time 0.119 sec 

Average Deceleration 19.4 g's 

Vehicle Deformation 1. 24 ft 

Barrier Deformation 2.75 ft 

Data From Electromechanical Devices: 

Average Deceleration 16.0 g's 

Stopping Time 0.120 sec 

* Defined as the distance the undamaged portions of the 
vehicle travel forward after impact. 
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CONCLt:SIONS 

This particular barrier design was not satisfactory, especially 

for light vehicles, due to the excessive stopping force and conseqt1ent 

hig'1 .lvceleration levels that it produces. The post at the nose of t:1e 

barrier seems to contribute significantly to the damage sustained hy 

the vehicle, since the force exerted by the post is concentrated on a 

ST'!all area of the vehicle's front end. 

The authors believe that certain modifications to this type of 

barrier could result in an adequilte impact atteml<ltor. The follo'A'ing 

modifications should be considered: 

1. Decrease the strength of the barrier by decreasing tlte strength 

of the polyurethane foam, reducing frontal area of the foam, or 

by incorporating voids in the harrier. The latter approach has 

been used on masonry attenuators by inserting vertical cv]in-

drical cardboard tubes of appropriate diameters to for~ the voids. 

2. Omit the stabilizing posts and use a cable anchorage c;ystem. 

This would remove the semi-rigid areas from the periphery of 

the barrier. The cable system should provide the barrier \,Ji th 

lateral stability for side or angled impacts, but have little 

effect on the longitudinal properties of the barrier. 

3. Pour the polyurethane foam continuously using the sheet steel 

covering as the form. This should reduce ur eliminate the 

tendency for large blocks to fly out during impact. 

4. Elevate tnE barrier, or increase it:~ overall lw!.gLt, to J•·d,,~:-_· 

the tendency of the vehicle to "ramp" during head-on coJl1sJm1s. 

11 
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The following are possible advantages of using this type of barrier: 

1. The barrier could be simply and quickly fabricated or repaired 

in 2_"ij:u; or it could be fabricated elsewhere and then moved to 

the desired site in one or more pieces. 

2. The barrier would be very light (2 lbs/ft 3 or less) \vhich 

decreases the initial deceleration of the vehicle due to 

barrier inertia. 

3. The sides of the barrier are flat, reducing the tendency of a 

glancing vehicle to pocket into the barrier. 

4. The barrier could be easily molded into any shape consistent 

with the geometrical limitations of the site. 

5. The polyurethane foam is not subject to corrosion. 

12 



A P P E N D I X A 

Design Data For Polyurethane Foam 

Impact Attenuation Barrier 
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A P P E N D I X B 

Photographic and Electromechanical 

Test Data 
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TABLE lB 

HIGH SPEED FIL'1 DATA 

Time Displacement Average Velocity 
milliseconds ft ft/sec 

-39.8 -2.81 
70.61 

-29.8 -2.11 
70.9 70.6 -19.9 -1.40 I Avg. 
69.31 

-10.0 -0.71 
71. Eij 

0 Impact 0 
68.3 

+10.0 +0.68 
65.0 

19.9 1. 33 
57.8 

29.8 1. 90 
48.5 

39.8 2.38 
39.8 

49.8 2.78 
35.1 

59.7 3.13 
29.5 

69.6 3.42 
21.5 

79.6 3.64 
14.0 

89.6 3.78 
11.3 

99.5 3.89 
8. 7 

109.4 3.98 
1.5 

119.4 3.99 
0 

129.4 3.99 
-5.0 

139.3 3.94 
-5.0 

149.2 3.89 
-7.1 

169.2 3. 75 
-8.2 

179.1 3.67 
-9.2 

189.0 3.58 
···8. 7 

199.0 3.49 

(Rebounds total of 7.5 feet) 
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FRAME FRONT w...-- 0.1 sec.---~ 
42.2 g's 

FRAME BACK 42.2g's 

FIGURE 28 TEST 505-6A FRAME 

ACCELEROMETER DATA 
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FIGURE 3 B TEST 505 - 6A 
DUMMY ACCELEROMETER DATA 
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A P P E N D I X C 

Idealized Theory 

Used in Predicting Stopping Distance 

For Head-On Impact 
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IDf:ALII:ED THEORETICAL CALCULATIONS 

FOR HEAD-ON COLLISIONS WITH 

l'OLYL:RETHANE F0/01 H!PACT ATTENl:ATION BARRIER 

F.362 

first, some approximations will be made to simplify the calculations. 

Keep in mind that these apnroximations do not represent real events, but 

may permit predictions of acceptable accuracy. 

Simplifying approximations: 

1. The vehicle--barrier interface is a plane rectangle of height, h, 

perpendicular to the direction of motion. 

2. The rectangular interface attains a maximum width, d, the width 

of the vehicle. 

3. The crush strength of the barrier is the average stress of the 

polyurethane foam up to a strain of about 50%, taken from 

Figure 2A. (Assuming the foam is deformed 50% or less.) 

4. The sheet steel covering and the stabilizing posts are neglected 

in the calculations. 

5. The inertia forces required to accelerate and decelerate the 

foam and covering are neglected. 
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-----------
,______.. r--
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~--------

RIGID PIER 

- ~~

' 

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

VEHICLE 
BARRIER 

d 1-Jidth of vehicle, ft. 

r = Radius of curvature of barrier nose. ft 

h Height of barrier, ft. 

X Penetration from ititial contact, ft. 

X1= Penetration when barrier contacts all of vehicle's nose, ft. 

max Maximum penetration (stopping distance), ft. 

s Crush strength of polyurethane foam being crushed, Kips/ft 2 . 

Fx Restraining force on vehicle, Kips. 

El Energy absorbe0 up to penetration of x1 , Kip-ft. 

E2 Energy absorbed from X1 to X, Kip ft. 

E E1 + E2 =Total energy absorbed, Kip-ft. 
max 

1-J Height of vehicle, Kip. 

v Initial velocity of vehicle, ft/sec. 

g Acceleration due to gravity, 32.2 ft/sec2. 
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~lhen X < X1 , 

Area of interface A 

hlhenX:;,X 1 , 

A = dh 

Force= (stress)(area) SA 

(1) for X < r -

Shd 

If ~ax > x 1 , the energy absorbed is: 

(2) E El + E2 

where r -~ r 2 d2' 

4 \I 2Sh \ ~2cX (3) El Fx dX x2 dX 

0 0 

and 

(4) E2 Fx (X - X1) Shd [X - r + ~ r 2 - ~2\J 

(We have assumed that 2r:;, d.) 

Shd [~ax - r +~ r2 
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Tlltc:>grating the right side of Equation 3, 

(2rX - ) 1// dX 

, , 2 l I/ 
1 - I ~-~-_!1-

l r ! 
dX 

Let (X - rl 
1
----~ 

_ r 1 
cos tJ, then 1 _ J l 1 ') 

I 1 - I ;s_-=-___£ 2 

I ' r 
sin 0 

and X= r (cos 8 + 1), dX = - r sin 0 d8 

Putting these values in the equation, 

(1 - cos 2 0) dO 

( 1 
I Xl 

<3hr 2 18 sin 2 ti i 
2 )0 

Shr 2 [sin 8 cos 8-

But cos 1) 'l:!<:_-=-~1 and sin G 
r I 

f~~-cx-=----;)2' 
r r 

So 

Shr;;> 
-1 

- cos 

-1 
cos 
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Putting in the limits and simpLifying, 

(5) Sh 
-1 

cos 

I 
(12' I 

4 
_ __! 

Combining Equations 4 and 5, we have an expression for the total energy 

absorbed as a function of X. 

(6) 

r· ({:; = -~21 I 
-l d 

E El + Ez Sb 1r 2 cos I --

I l r J 2 

L __ 
The energy absorbed for X .,;; r - f;--~--~~3' as a function of X, i.s: 

(7) E 

The theoretical stopping distance of a vehicle in head-on impact ran be 

calculated from the initial kiuetic ene cgy as 

\vV 7 

2g KE E 

or, solving 

(8 ) xmax 

--1 
cos 

Shd lxrnax - r 
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For Test 505-oA, 

w 2.06 kips 

\' 70.6 ft/ sec 

s 3.88 kip/ft2 

r = 2.75 ft 

d 5.0 ft 

h 3.0 ft 

(2.06)(70.6) 2 'l-- 2 -J -Jl 
c2YC32.2)(2-:-8-sy0~-6)- ~2.75) cos · co.415)- 2.5(1.14) 

------------·---·----------~-- + 2. 75 - l.l/1 

5.0 

18.4 - 8.62 + 2.85 -------------"- + 1. 61 
5.0 

4.15 ft. 

The stopping distance determined experimentally is 

~lax (Experimental) 3.99 ft. 

The barrier itself did not deform 3.99 ft., but rather 3.99 ft. minus 

vehicle deformation. However, the barrier is assumed to exert its 

estimated force during vehicle deformation. For large penetrations, the 

vehicle deformation should become a much smaller fraction of tl1e total 

travel. 
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THE EFFECT OF VEHICLE COLLISIO::'-J HIT!l ALUHDJU"\ 

ROADSIDE SIGN STRUCTURES ~IOU:\nD ON FRc\~GIBLE BASES 

INTRODUCTION 

F.369 

An efficient modern higrn,;ray requires having road\vay signs that 

relay information to the motorist in a clear and concise manner, and 

current highway design concepts for multilane facilities have resulted 

in the installation of sign supports near the edge of the traffic lane. 

Due to their location, these signs constitute a safety hazard, and 

collisions with these signs have caused serious injury and fatalities. 

An obvious solution to the problem is relocation of the support. 

This approach is sometimes not feasible, and the engineer must resort to 

other means to alleviate the dilemma. A design that has already shown 

considerable merit is the slip base type breakaHay support that, upon 

impact, disengages the post from the foundation. This generally accepted 

design limits impact forces, but regard must be given to the possibility 

of the structure falling on the vehicle and creating a l1azardous secondary 

situation for the vehicle occupants. 

The purpose of this investigation was to evaluate the crash-dynamic 

behavior of various aluminum sign post structure configurations mounted 

on frangible bases having different impact characteristics. The base 

force-deformation behavior was obtained from laboratory pendulum tests 

performed by the Texas Transportation Institute, and the results used in 

the study are presented in the Appendix. The dynamic response of the 

vehicle and the structure was obtained with the aid of a mathematical 

model. 
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DESCRIPTION OF SIGN POST STRUCTURE 

The aluminum signs and sign support configurations evaluated in 

this study are typical of roadside sign structures proposed by the 

State of Maine. These structures are depicted in Figs. 1 and 2 and 

the complete post and sign description is given in Table l. 

In the mathematical simulation it was assumed that the frangible 

bases deform by the amounts indicated in Figs. 3-6. These deformations 

were obtained from accelerometer test data and represent the distance 

the impacting ram used in the base fracture test moved after initial 

contact with the base. This force-deformation idealization makes the 

peak forces encountered in the larger bases quite great since the energy 

for all bases must be dissipated for a relatively small value of base 

deformation. The idealized curves also shown in Figs . .3-6 represent 

the same base fracture energy as the experimental curves and were 

necessary to obtain the input to the computer coding which assumes a 

piecewise linear variation of base shear force. 

;-TATHEH,\TI CAL S H1ULAT ION 

T\vo mathematical models \vere employed in the study. The model 

that yields thE; dynamic res·Jonse of the single support structure assumes 

four degrees of freedom and is basically a planer version of the three

dimensional model that was employed in the analysis of luminaire support 

structures.(]) This more recent model was coded in order to reduce the 

computer time associated \vith the solution of a problem. i\ Runge-Kutta 

:1umerical integration scheme(~) has also been added, making the program 

more efficient. 
2 
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T]J,_-. -del us~·d Lo ]Jredict: the lwhavior of the dual suppot·t ;c:tnccturv 

uf fr~edom ~111d idenJiz~s t.1e structure as bein~; 

hin :cl the· cconLcr ol t1w si.gn and capable of 1tavi.ng only a rot:Jtion 

:1bout rlti•,; point:. The ,;ff<.c·cts of the :3ign and the E->upport that ~s not 

into ~ torsional spring constant as shown in Fig. 2. 

't'l:t- vetticl<? [s repressntc•(: a;3 a single-degree-of-freedom spring-mass 

co_•·st··-·n: havi.nv a S[JCi1·-: uJ v2ridh~c: stiffness. The rigid mass and its 

of the vehicle and the energy absorbed 

In tl1cc: 

;;twly it \·:.1•-;: ciumcc1 that t:l1c srri.ng constant \,•as a fuaction of thL, 

vL"hicL \vei;-'.ht. The- collisions were considered to t:<kc pl::1cc' for D 

vddcle :lpprodch angle of zero. 

VERTFICAl'IOt\ OF a\'THH'Xl'1C,\L ,\[{I!JL:L -·-····----------··-·----···-----------

rn ncder to veri thee mathematical models, a full-scale cr::1sh 

test \~2s performed at t· T~xas Transportation InstlLulc Research Anne; 

,; " te<:;L c:mpJoyeJ :1 19~, Furd sedan weighing J550 lbs and th(~ sign L\. 

T,1bl;' ?. :mJ ''i.g. 7 •l'--'sent a comparison of model and cra-;h test 

1 t is anticipated that Uk morkl 

force encouiltorcd ir1 fracturing ti1c bJ~C is uot ~xtremely large. 

UISCUSSlO~ OF RESULIS ------··--------------

The: stucly rt-veoled t:llat foL- lmpacting vcloclti~::>s Lip to 45 miJh, the 

single silpport structure cloc·s not clccar the velli.cle. T!,c sign lB, hteing 

3 
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taller and having a higher mass-center po.sition tlwn the coi:;n lA, has a 

greater tendency to clear the vehicle and will probably do so at the 

higher velocities. Figure 8 shows the response of sign lB Hhen it is 

subjected to a 45 mph collision. Collisions by the 1 ightv,:rcight (2500 

lbs) vehicles traveling at sloH speeds (15 mph or less) may be considered 

hazardous as they cause the support structure to strike the windshield 

area of the vehicle in a majority of the case.~:;. T;tis is due to the fact 

that at the slower speeds the post has a greater tendency to translate 

and ride the front of the vehicle before falling on it. The effect is 

more pronounced for collisions \vith the supports mounted on bases having 

a high base fracture energy. 

The results further revealed that a lightweight vehicle traveling 

at speeds below 15 mph may be stopped when it collides with supports 

mounted on bases having fracture energies of 10 ft-kips or greater. 

This large change in velocity may have a severe effect on the vehicle 

occupants, and such collisions could be interpreted as hazardous. 

Collisions that cause the sign post to strike the top of the 

vehicle will normally not be hazardous unless the structure is quite 

massive or the contact is made near the windshield area. If contact 

is initially made in the windshield area, then lt is cunceivable that, 

depending upon the rotation of the post, a secondary impact with lhe 

hood or windshield by some other point on the post could occur. 

Dual Support Structures 

The results of the study of dual support structures disclose that, 

for the cases investigated, only the slow moving vehicle encounters a 

4 
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secondary collision with the post. This secondary collision occurs in 

the area of the windshield of the vehicle and may be interpreted as 

hazardous. The deceleration rates and velocity changes at these slow 

speeds are less than those obtained for the single support structures 

impacted at the same velocity. This is due to the dual support structure 

idealization and the high position of the assumed center or rotation. 

Collisions at the higher vehicle velocities cause the post to 

clear the vehicle. This is due to the large angular velocity that is 

acquired by the relatively light support as a result of the vehicular 

impact. The response of sign post structure lC follmving impact by a 

medium size vehicle at various velocities is depicted in Fig. 9. 

Comparison 

The results presented in the tables in the Appendix shmv that 

the impact behavior of signs lA and lB is very similar. The higher 

center of mass of sign lA gives it more of a tendency to rotate and, 

as a result, the rotation angle of the structure is greater when it 

rotates and strikes the vehicle. In general, it can be said that 

lowering of the center of mass of the structure will give the support 

more of a tendency to translate horizontally and \vill increase the 

vehicular change in velocity. 

Signs lC and lD behave in much the same manner. The stiffer 

torsional spring employed for sign lC gives the structure a greater 

rotational stiffness and its effect becomes more pronounced for 

collisions of light vehicles with supports requiring the larger base 

fracture energies. In the case of a heavier vehicle impacting at a 

5 
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low velocitv the stiffer torsional spring of sign lC causes the 

support to encounter a secondary collision in the hood or \vindshield 

c:n-ca, 'c!hereas sign lD has Lts support strike the top of the vehicle. 

A comparison of the single and dual support structures indicates 

that greater vc•hicular velocity changes and deceleration rates will 

b<" experienced 1vhen similar collisions involve the sign employing the 

single support. This can p<Htially be attributed to the different 

sLgn geometric and inertia properties and the constraints imposed on 

::he idealized structure. They produce the effect of causing the single 

sunport to stay in longer contact with the vehicle, thus accounting for 

th<,' l:1rger ve]ocity changes. 

GE~JEEAL CONCLUSIONS 

The general conclusions stated here will be based on the cases 

invcstL~atC'd and a criteria that uses a vehicular velocity change of 

11 mph as one that causes passenger injury.(;)) 

The conclusions may be summarized as follows: 

Single Support Structures 

J. Collis ions by vehicles traveling up to 45 mph cause the 

supports investigated to strike the vehicle. 

2. Collisions of a light \veight vehicle traveling at speeds of 

approximately 15 mph may cause a hazardous condition
1 

when 

they impact the large diameter support posts. This is based 

on vehicular velocity changes of approximately 11 mph. 

3. Medium and high speed collisions will cause the support to 

1 
A l1azardous condition is interpreted as one that could cause 

passenger injury. 

6 



r.375 

strike the top or trunk areas of the vehicle. These cases 

are not usually hazardous. 

Dual Support Structures 

1. For the cases investigated, velocity changes remain below the 

criteria established for a hazardous condition. 

2. Low speed collisions (15-20 mph) \vill normally give rise to a 

secondary collision in the vicinity of the hood or windshield 

area. However, these collisions are not necessarily hazardous 

as the post will not come through the windshield after the 

secondary collision takes place. 

3. Medium and high speed collisions cause the post to clear the 

vehicle and the vehicuLJ.r velocity changes remain within 

tolerable limits. 

'i 
It should be emphasized that the assumption of the post and sicrn 

0 

remaining fastened together during impact has been made. If the 

connections are not rigid enough, it is possible for the post and the 

sign to detach and possibly create an additional hazard as secondary 

collisions with both the post and sign would be encountered. 

7 
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1) ost 

Post Heir;ht ft) 

Post h'eight lhs) 

K'" (ft) 

B,1se Fracture Energv 

Post Height (ft) 

nost Feight (lbs) 

lU \~t) 

(ft-kip) 

Base Fr2cture Energv (ft-kip) 

SIG='! lA 

6" X 3/16" + 

12.0 

52.5 

8.2 

I 2.89 
I 

8" X 1/4" 10" X 1/4" 

12.0 12.0 

93.1 110.3 

7. 7 7.6 

5.25 8.6 

F.387 

12" X 1/4" 

12.0 

132.9 

7.4 

9.7 

16.0 

177.2 

9.2 

9.7 

I 

l 

--------------·L-----------~------------~-------------·-----------------

Post 6" X 3/16" 
-------------f-----------· 

Height (ft) 16.0 

'Post Height (lbs) 70.0 

i [(+ ( f t) 11.5 

) Base Fracture Energy (ft-kip) 2.89 

SIGN lD 

Post H 

"o'L 16" x 3/16" 
·eight (ft) 13.0 

;Jeight ( 1 bs) 56.9 

K I ( f 
I 

t) 

racture I r 'l <:~ e F I __ :_ ___ · --
--· 

Energv 

I 10.0 

(ft-kip) I 2.89 I 

>'<ror cEo:lter of gravity of post and sign (Fig. 1) 

8" X 1/4" 10" X 1/4" 

16.0 16.0 

124.1 147.1 

11.5 11.5 

5.25 8.6 

8" X 1/4" ! 10" X 1/4" 

13.0 13.0 

101.0 119.5 

10.0 10.0 

5.25 8.6 

+For assumed center of rotation of idealized structure (Fig. 2) 
+Pipe diamt:ter and vmll thickness, respectively 

TABE 1. POST PROPERTIES FOR SIGNS 
USED IN STUDY 
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12" X 1/4" I 

16.0 

177.2 

11.5 

9.7 
-

12" X 1/4" 

13.0 

144.0 

10.0 

J 9.7 



N 
0 

TEST 

HODEL 

Initial 
Velocity 

(mph) 

29.0 

29.0 

Change in 
Velocity 

(mph) 

2. 7 

2.5 

Post-Vehicle 
Contact Time 

(sec) 

0.084 

0.084 

Average 
Vehicle 

Deceleration 
(g's) 

1. 4 7 

1. 33 

Table 2. Comparison of Hodel and Crash Test Results 

Remarks 

Sign post rotates 105° 
and hits top of vehicle 
10.75 ft from front 
bumper. Total time of 
the event is .338 sec. 

Sign post rotates J(\5° 
and hits top of vehicle 
10.25 ft from front 
bumper. Total time of 
the event is .318 sec. 

w 
00 
CJJ 



IV 

Cil:tngc 
T nit L-,1 i:L Dur~' l: i_on 

\/c~:ic:L: v~lli c__Lc Vt..::1icl2 of Vt.~I1iclc 

,,.,, c~ l_ \/cloci ty 1-l eloci ty Col1~.s :._on Dccc:lcration :\.e;;~arks 

(lbs) (m;Jh) ) (sec) (G's) 

2500 15 5.0 0.121 1.9 Posi: ldt::-:; to:) o £ 
ve:1icle. 1" ~ 6. 8 f ta 

2500 JO 7 0 -.-' 0.091 1.4 Poot ~-1its LOJ:) 0f 

vehicle. L = 10.9 ft 

2500 45 2 ~. . _) 0.080 1.3 Post 1li ts top of 
v"'hj_c1L·. L = 12.6 ft 

3500 1.5 3.4 0.124 1.3 Pos~ hits to? of 
ve:1ic1c. L = 7 ft 

3500 30 2.5 0.084 1.3 Post hits top of 
vclL~_clc. L = 10.4 ft 

3500 l,5 2.1 0.069 1.4 l'os t i<its top of 
vehicle. iJ = 12.2 ft 

5000 15 1.9 O.OLJo 0.9 Post hits top of 
v~hicle. L = 7.3 ft 

5000 30 1.3 0.072 0.8 })ost hits top of 
vehicle. L = 10.5 ft 

5000 45 l.l 0.066 0.7 Post hits top of 
vc~1icle. L = 12.4 ft 

(a) L is the distance from front bur.1per of vci1ic1c to point Hhcre support hits 

Ti\BL;:: 3. Rl':SULTS FOR SIG:\ lA HITH BASE 
FRACTURE ENERGY OF 2.89 FT-KI?S 

FOR 6 INCH POST 

rrj 

w 
C/) 
\D 



Change 
Initial in Duration Average 

Vei:1icle Vehicle Vehicle of Vehicle 
Height Velocity Ve1_ocity Collision Deceleration Remarks 

(lbs) (mph) (mph) (sec) (G's) 

2500 15 5.7 0.199 1.3 Post hits windshield 
area of vehicle. 

2500 30 4.7 0.053 4.0 Post hits top of 
vehicle. L = 9.5 fta 

2500 45 4.4· 0.039 5.2 Post hits top of 
vehicle. L = 10 ft 

3500 15 3.7 0.146 1.2 Post hits top of 
vehicle. L = 7 ft 

3500 30 3.5 0.099 1.6 Post hits top of 
N vehicle. L = 10 ft 
N 

3500 45 3.6 0.037 4.4 Post hits top of 
vehicle. L = ll. 5 ft 

5000 15 3.4 0.132 1.2 Post hits top of 
vehicle. L = 7.5 ft 

5000 30 2.3 0.094 1.1 Post hits top of 
vehicle. L = 10.2 ft 

5000 45 2.6 0.036 3.3 Post hits top of 
vehicle. L = 12 ft 

(a) L is the distance from front bumper of vehicle to point where support hits 

fTj 

TABLE 4. RESuLTS FOR SIGN lA WITH BASE w 
'0 

FRACTURE ENERGY OF 5.25 FT-KIPS 0 

FOR 8 INCH POST 



Change 
Initial in Duration Average 

Vehicle Vehicle Vehicle of Vehicle 
Wei ght Velocity Velocity Collision Deceleration Rema ri<s 

(lbs) (mph) (mph) (sec) (G's) 

2500 15 8.8 0.130 3.1 Post hits windshield 
area of vehicle . 

250() 30 5.0 0.111 2.0 Post hits top of 
vehicle . L = 9 fta 

2500 45 5.9 0.048 5.6 Post hits top of 
vehicle. L = 9 ft 

3500 15 7.4 0 . 127 2.6 Post hits top of 
vehicle. L = 6.8 ft 

3500 30 4.4 0.098 2 . 0 Post hits top of 
N vehicle . L = 10 ft w 

3500 45 3.5 0 . 099 1.6 Post hits top of 
vehicle. L = 11 ft 

5000 15 5.4 0.140 1.8 Post hits top of 
vehicle. L = 7 ft 

5000 30 3 . 5 0 . 091 1.7 Post hits top of 
vehicle. L = 10 ft 

5000 45 2.9 0.086 1.5 Post hies top of 
vehicle . L = 11.8 ft 

(a) L is t he distance from front bumper of vehicle to point where support hits 

1-Tj 

TABLE 5. RESULTS FOR SIGN lA HITH BASE w 
\.D 

FRACTURE ENERGY OF 8.6 FT-KIPS 1-' 

FOR 10 INCH.POST 



Change 
Initial in Duration Average 

Vehicle Vehicle ve;1icle of Vehicle 
Height Velocity Velocity Collision Deceleration Remarks 

(lbs) (mph) (mph) (sec) (G's) 

2500 15 9.2 0.153 2.7 Post hits windshield 
area of vehicle. 

2500 30 7.0 0.057 5.6 Post hits windshield 
area of vehicle. 

2500 45 6. 3· 0.044 7.0 Post hits top of 
vehicle. L = 7.0 fta 

3500 15 7.7 0.136 2.6 ?ost hits windshield 
area of vehicle. 

3500 30 5.1 0.057 4.0 Post hits top of 
N vehicle . L = 7.0 ft ..,.. 

3500 45 4.7 0.040 5.4 Post hits top of 
vehicle. L = 7.6 ft 

5000 15 6.0 0.150 1.8 Post hits top of 
vehicle. L = 7.0 ft 

5000 30 3.7 0.058 2.9 Post hits top of 
vehicle. L = 9.0 ft 

5000 45 3.8 0.038 4.6 Post hits top of 
vehicle. L = 10.0 ft 

(a) L is the distance from front bumper of vehicle to point where support hits 

'"J 

TABLE 6. RESULTS FOR SIGN lA HITH BASE w 
FRACTURE ENERGY OF 9.7 FT-KIPS '-0 

N 

FOR 12 INCH POST 



C0 
ln 

Changr 
Initial in Dur::ttion Average 

Vehicle Vehicle Vehicle o"' L Vehicle 
Weight Velocity Velocic:y Collision Deceleration RclTtarks 

(:Lbs) (r:riJb) (;o;:>h) (sec) (G's) 

2500 15 5.5 0.129 1.9 PosL hits ton of 
vchicl~. 

, a 
L ~ 9.8 ft 

2500 30 3.1 0.086 1.7 ?os~ hits t run:z 
area of vehicle. 

2500 45 2.6 0.084 1.4 Post hits tr,-1n:Z 

~r~a of vel1icle . 
. , __ , 

3500 15 3.8 0 .lJi._ 1.2 ?ost hits tOl) 0 f 
vehicle. L = 10.2 ft 

3500 30 2.7 0.092 1.3 Post l1it::=) trunk 
:1r~a of vehicle. 

3500 45 2.1 0.079 1.2 l)o:3 t hits L rur..~z 

,~,L'c'a o [ vc:l1icle. 
-------

5000 15 1.9 0.104 0.8 I'os t i1its ~op of 
veh~clc. L = 1.0.7 ft 

5000 30 1.3 0.076 0.7 Post hits trunk 
area oi: vehicle. 

5000 45 1.2 0.074 0.7 2ost hits trunk 
arc;a of vci1icle. 

(a) L is the dista~ce from front bur.l~Jcr of vehicle to point: where sup!)ort hits 

TABLE 7. RESL'LTS FOR SIC:-1 ll3 \.;'l'l'H BASE 
FRACTL'RE E~ERGY OF 2.89 FT-KIPS 

FOR 6 INCH POST 

-;-; 

~ 

~ 
:,..,._; 



[0 

0\ 

ChcE1ge 
Iaitial in Duration Average 

Vehicle Vehicle Vehicle of Vehicle 
I.Jeigil t Velocity Velocity Collision Deceleration Remarks 

(los) (mph) (mph) (sec) (G's) 

2500 15 6.4 0 .1!+0 2.1 Post hits top of 
vehicle. L = 9.0 fta 

25CO 30 5.0 0.055 4.1 Post hits top of 
vehicle. L = 12.0 ft 

2500 45 4.7 0.040 5.4 Post hits trunk 
area of vehicle. 

3500 15 4.0 0.153 1.2 Post hits top of 
vehicle. L = 10.0 ft 

3500 30 3.9 0.062 2.9 Post hits trunk 
area of vehicle. 

3500 45 3.9 0.038 4.6 Post hits trunk 
area of vehicle. 

5000 15 3.8 0.137 1.3 Post l1its top of 
venicle. L = 10.0 ft 

5000 30 2.4 0.093 1.2 Post :tits trunk 
area of vehicle. 

5000 45 2.6 0.038 3.1 l)ost hits trun:c 
area of vel-~.::.._cle. 

(a) L is the distance from front bumper of vehicle to point where support hits 

TlWLE 8. RESULTS FOlZ SIG~ lE \HTH 13ASE 
FIUCTl.JRE E~~~RGY OF 5. 25 FT-Kll>S 

FOR 8 T~Cil POST 

Lc 
'-0 
+> 



Change 
Initial in Duration Aver;:tge 

Vei1icle Vehicle Vehicle of Vehicle 
Weight Velocity Velocity Collision Deceleration Remarks 

(lbs) (mph) (mph) (sec) (G's) 

2500 15 9.7 0.162 1.6 Post hits windshield 
;:trea of vehicle. 

2500 30 6.4 0.073 4.0 Post hits top of 
vehicle. L = 10.3 fta 

2500 45 6.5' 0.050 5.9 Post hits top of 
vehicle. L = 10.5 ft 

3500 15 8.1 0.162 1.2 Post hits to;' of 
vehicle. L = 9.0 ft 

3500 30 4.7 0.106 2.0 Post hits -crunk 
N are~1 of vel1icle. -J 

3500 45 5.0 0.049 4.7 Post hits ~runk 
;:trca of vehicle. 

5000 15 5.5 0.157 1.6 Post :1i ts top of 
vehicle. L = 10.0 ft 

5000 30 3.6 0.105 1.6 ?ost hits trunk area 
of vehicle. 

5000 45 3.6 0.055 3.0 ?ost hits trunk area 
of ve11icle. 

(a) L is the distance from front bumper of vehicle to point where support hits 

., 

TABLE 9. RESuLTS FOR SIGN lB WITH BASE w 

FRACTURE E~ERGY OF 8.6 FT-KIPS '.C 
LC 

FOR 10 INCH POST 



Vehicle 
hTeight 

(bs) 
-
2500 

2500 

2500 

--
3500 

3500 
N 
(fJ 

3500 

--
5000 

5000 

5000 

--
(a) L is 

Chan2;e 
Initial in Duration 
Vehicle Vehicle of 
Velocity Velocity Collisioa 

(Ely h) (mph) (sec) 

15 10.0 0.168 

30 7.5 0.059 

45 7.4 0.046 

15 8.5 0.102 

30 5.8 0.058 

45 5.3 0.042 

15 6.2 0.157 

30 4.2 0.065 

45 4.1 0. 0if0 

Averar:e 
Vehicle 

Deceleration 
(G's) 

2. 7 

5.8 

7.4 

2.4 

4.5 

5.8 

1.8 

2.9 

4.7 

Rc;;1arks 

Post hits windshield 
area of vehicle. 

Post hits top of 
vehicle. L = 7.5 fta 

Post hits top of 
vehicle. L = 8.5 ft 

Post hits windshield 
area of vehicle. 

Post hits top of 
vehicle. L = 11.0 ft 

Post hits top of 
vehicle. L = 12.0 ft 

Post hits top of 
vehicle. L = 8.0 ft 

Post hits trunk 
area of vehicle. 

Post hits trunk 
area of vehicle. 

the distaace from front bumper of vehicle to point where support hits 

TABLE 10. RESULTS FOR SIG)J lB HITH BASE 
F&\CTURE m~ERGY OF 9. 7 FT-KIPS 

FOR 12 INCH POST 

>rj 

w 
'.() 
ry, 



1--..: 
'-0 

~----------------- ------~--·· ·------------------------------------------ ------------ ------

V ~~LJ. -~ .-_~]_e 
\\

1l' :i_;_:_i1 t 

c:_-LJ s) 

25CO 

2_L):JG 

2500 

JS,JO 

350\J 

3500 

50Du 

5000 

5000 

-----

l:li t i._ll 
\T \._' ~~ 1 \. ,,_ t 

VcJ.oc.ity 

15 

JO 

45 

15 

30 

!+ 5 

Cil;_·t~-L~~(-?. 

itl 

\/t2hi·~-~'~ 
\/c. l..:) ·::. ~:/ 

-- \ 
'J 

3.::' 

2.0 

2.3 

2.3 

1.5 

l 7 

DILl-__,:.._ i(_, 

Ol.. 

::c.=_J i_:c 

\S - ) 

'J .1] n 

0.075 

0.075 

O.l:'ll 

0.081 

O~G71 

.. ~,_v c. r u. ~-~ (. 
\\_: :: i ell: 

Jec..~::1.c:l.-Li Li.c.~-1 

(G's) 
:·~e~,u:i .... 

- --- ---------- ------------------
l ') 
..l •• ..J 

1.2 

1 ' -'-•'+ 

Post h~ts hood ar~a 
of vehi; _ _,:_c;. 

Post hies windshield 
ar(:::a vi' vel1icl2. 

Pest 1.1L::-:: clc:lreJ. 
t~H~· 'Ji..~:J..l.::lc. 

__:__ _____________________ --- - --

l.l. 9 

u.s 

1.1 

Pc)~; ._ ~1:i :::--j i1ou~,.~ ::i.rea 

o~ vc:h_icle. 

Po~ Lj_t,-; ~OlJ (_)£ 

--.·/L',-t '- C' j_(: • 

l)c1:J t: h~>.; clcaJ~ed 

t}LC: Vl:'1lj :·18. 

---··--------- -----------------------------------
15 

30 

45 

1.6 G .. ~-;~;4 0.8 

1.1 0- 0(19 0.7 

1.2 0.067 0.8 

'".LABL:G ll. RESLl./i,S PO?. SIC:: lC ~'¥1 l1'H 3;\SF: 
I:·'F.ACTlJRE E;.:;.;:RGY OF 2. 89 FT-KIPS 

FOR 6 u;CH POST 

Po~-~~ hi t.-3 1-1.:) oci c~ rea 
of v'-:l;_i.cle:. 

Post h~ ~-.:.: t:op o.E 
ve~~ 1 <:: l v . 

::?os l l;..J . ..> :::lc.arcd 
C~Lc vciJ J.cl e. 

,
'-J 



w 
0 

-------~---~----------· 

Ir;.itial 
Vehicl8 Vcchicle 
Height Velocity 

/ .... ~ \ 
\._LOS} (mph) 

2500 15 

2500 30 

2500 45 

3500 15 

3500 30 

3500 45 

5000 15 

5000 30 

5000 45 

Cha:J.gc 

i:1 Dur:1L.ion Average 
Vehicle of Vehiclcc 
Velocity Collision Deceleration 

(mph) (sec) (G's) 

'f. 4 0.126 1.6 

2.6 0.050 2.4 

3.2 0.040 3.7 

3.0 0.134 1.0 

1.9 0.056 1.5 

2.3 0.038 2.7 

2.2 0.127 1.0 

1.3 0.085 1.0 

1.6 0.038 1.9 

TABLE 12. RESULTS FOR SIGN lC WITH B,\SE 
FRACTURE ENERGY OF 5. 25 FT-KIPS 

FOP 8 INCH POST 

·--------·-· 

RerTt.:ll-ks 

Post hits hood area 
of vehicle. 

Post has cleared 
the vchj_cle. 

Post has cleared 
the vehicle. 

Post hits hood area 
of vehicle. 

Post has cleared 
the vehicl~. 

Post nas cleared 
the vehiclcc. 

Post hits hood area 
of vehicle. 

Post has cleared 
the vehicle. 

Post has clccared 
the vehicle. 

Vo 
V) 

o:. 



Initial 
Vehicle Vehicle 
Height Velocity 

(lbs) (mph) 

2500 15 

2500 30 

2500 45 

3500 15 

3500 30 
w ...... 

3500 45 

5000 15 

5000 30 

sooo 45 

Char.ge 
in Duration Average 

Vehicle o:t" Vehicle 
Velocity Collision Decelerat ion 

(mph) (sec) (G's) 

5.7 0 .150 1.7 

3.6 0 . 065 2 . 5 

4.1 0.045 4.2 

4 . 0 0.145 1.3 

2 . 6 0.090 1.3 

3.0 0.044 3 .1 

2 . 8 0.142 1.0 

1.8 0 . 091 1.0 

2 .1 0.050 2.0 

TABLE 13. RESULTS FOR SIGN lC WITH BASE 
FRACTURE ENERGY OF 8 . 6 FT-KIPS 

FOR 10 INCH POST 

Remarks 

Post hits hood area 
of vehicle. 

Post has cleared 
t he vehicle. 

Pos t has cleared 
the vehicle . 

Post hits hood area 
of vehicle. 

Post has cleared 
the vehicle . 

Pos t has cleared 
the vehicle . 

Post hits hood area 
of vehicle. 

~ost has cleared 
the vehicle. 

Post has cleared 
the vehicle. 

>-rj 

w 
\D 
\D 



Ini tictl 
Vcl1icle vc;licle 
Hci2)1 t Velocity 

(lbs) (r;.ph) 

2500 15 

250C 30 

2500 45 

3500 15 

w 3500 30 
N 

3500 45 

5000 15 

5000 30 

5000 45 

C~1~E1gc 

iLl Duration Average 
Vehicl2 of V<..'hicle 
Velocity Collision DecelcrG.tion 

(rr.p:1) (sec) (G's) 

9.5 0.152 2.5 

5.2 0.055 4.3 

5.2 0.045 5.3 

r .-, 
.),L 0.156 1.5 

3.8 0.053 3.3 

3.8 0.040 4.3 

3.6 0.14!+ 1.1 

? -- • I 0.060 2.0 

2 -• I 0.040 3.1 

TABLE 14. RESULTS FOR SIGN 1C HITH BASE 
FRACTuRE ENERGY OF 9. 7 FT-KIPS 

FOR 12 INCH POST 

-----"""·---·-·--··---

~<..Qm~~rks 

?ost hits hood area 
of vchlcl2. 

Po:c, t has cleared 
the vehicle. 

Post has r::leured 
the vehicle. 

---·--·--
Post hits hood ~rea 
of vulLLcJ_r-?. 

Post has cleared 
the vchic:L-.:::. 

Post has cleared 
the vehicle. 

-----
Pest hits windshield 
.::i:.cea of vehicle. 

Post has cleareci 
t"uc: v~~hic1e. 

Post has cleared 
the vehicle. 

'"'1 

-1'-
0 
0 



Ini.~ial 

Vehicle Vei-licle 
I:,Te.ight Velocity 

(lbs) c~rn) 

2500 15 

25CC 30 

2500 45 

3500 15 

3500 30 
w 
w 

3500 !+5 

5000 15 

5000 30 

5000 !tS 

Change 
in 

Vehicle 
Velocity 

(mph) 

2.9 

l.o 

1.7 

2.0 

1.3 

1.2 

1.5 

0.9 

0.9 

Duration 
of 

Collision 
(sec) 

0.109 

0.082 

0.072 

O.ll2 

0.076 

0.062 

0.038 

0.065 

0.060 

Avera;;e 
Vehicle 

De.celcr.:::tion 
(G's) 

1.2 

1.0 

1.1 

0.8 

0.3 

0.9 

0.8 

0.6 

0.7 

l<Ci!l.:Jr~<-S 

fast hits wii1risl1ield 
area of vehicle. 

Pest h2.:~ cleal-ecl 
-::he vehic..:.c. 

Post has cleared 
Ll~~~ v2hiclc. 

l'c·::-;t i1lt:-; \:..7 -LcU.shieJd 
area of vehicle. 

l!ost :1:1s clc.:1rLc~ 

t£1c~ vel1icle. 

Post i1.:.1::; cle~1rcd 

ti1~~~ vehicle. 
-------·-------

Post hits vindshicld 
are:a \Ji VLhj_cl~. 

?ost hJs cL<2:lrL:d 
tl:ic vehicl~. 

Post has cle.::.Lcl2d 
the vehicle. 

·----------------

'.LABLE 15. RESFLTS FOR S.!:G~ lD \HTH BASE 
FRACTURE E:;ERGY OF 2.. 89 F'1'-KIPS 

F<lR (, I:JCH POST 

~r, 

+-
c 



if'~:~ t l_,-) ~ 

"'1/chi~::le. Vc-nic~_(:! 

~~eig:.-~ t Velo:=:i ty 
(E)s) (;:nph) 

-------·-~-----~ ___ .,,_ 

2500 15 

250C 30 

2500 !+5 

3500 15 

w 3500 30 
"" 

3500 45 

5000 15 

5000 30 

5000 45 

-'-·· :0\...:.~_~at:.~.or.._ .Averag2 

Vel:icl..e of Vehicle 
Velocity Co:lLsion Decelcra..:ion Remari(D 

(mph) (sc:c) (G's) 
-----~~--:----------.-----~ ~---~---

4. 7 0.179 1.2 

1.9 0.050 1.7 

1.8 0.038 2.2 

3.2 0.130 1.1 

1.4 0.090 1.0 

1.3 0.037 1.6 

2.3 0.119 1.0 

1.0 0.086 0.5 

l.O 0.036 1.2 

TABU: 16. ~Sl.JLTS FOR SIC:..' lD WITH BASE 
F~CTl.JRE ENERGY OF 5.25 FT-KIPS 

FOR 8 INCH POST 

Post hits hood area 
of vehicle. 

Post has cleared 
the vehicle. 

?ost h:1s cleared 
th·2 vehicle. 

Post hits windshield 
area of vehicle. 

Post has cleared 
the vehicle. 

Post has cleared 
the vehicle. 

Post hits windshield 
area of vehicle. 

Post has cleared 
the vehicle. 

Post has cleared 
the vehicle. 

'"':1 

+--
0 
~" 



Initial 
Vcold.cle Vehicle: 
vJ c ~ Velocity 

(1:J:3) (lllph) 

2500 15 

2508 30 

2.50() 'c: 
't _) 

-
3500 15 

J500 30 
VJ 
vo 

3500 ·'t5 

5000 15 

5000 30 

5000 45 

Chc:-J.:l~2 

ir: 
'v-:.;:ticlc 
'Jelocity 

(1::ph) 

5.9 

2.9 

2.5 

4.1 

2.1 

1.8 

2.9 

1.5 

1.2 

Du:c.:__::i_on 
OL 

Co2_li::;ion 
(sec) 

0.115 

0.100 

0.042 

0.112 

0.035 

0.085 

.. '\~·i2r.::_:e 
Vc:hicle. 

Uec~:.:l~~ra.t Lon 
( ,--, ! ~ \ 
\'-> Sj 

2.3 

1.3 

2.7 

1.7 

1.1 

l.O 

-----·---
0.125 1.1 

0.082 0.8 

0.077 0.7 

'.LABLE J 7. l{SSUL'::.''; FO:Z SiGN 1D lviT;; BASE 
FHl~CT~,JRE l~;:ERGY 01-: 8. 6 FT~KIPS 

VQR 10 i~:H PO~~ 

~~t.::T:.:l ~ ~:. s 

Post hits hood area 
of vehicl2. 

Post. hds cl.\_:c:n_·c::d 
Lhe vehicle. 

l?ost h.J.s c:leu.red 
- - . 1 L{lC V(~lllC c.-:~ 

Post hits nood area 
oi v~hicl~. 

~ost h.::~s cleared 
the vehicle. 

~)o~-::t has cleared 
tlw vcil.icle. 

ru~;:: ; li ts \·JinC..~hield 

area of vc:hicJ.e. 

?os t h,-::...~~ cled red 
th~ vchi cl c. 

Post h~iS cleart:::.d 
~.:h2 vehicle .. 

.. 

"cj 

-!> 
0 



'cJ\ 

Vehicle 
~·l~: i gh t 

(lbs) 

L1i tial. 
V(:"Z1iclc 
\/eloci_ty 

(:nph) 

Gha:;.1g2 
in 

Vel1icle 
Velocity 

(mph) 

]ur<:__._tion 

of 
;:o2_l:i sion 

(s2c) 

Avc.ragl~ 

Vc:hicl.e 
Deceleratic;.:1 

(G's) 
Remarl.,;.s 

---------~-k·~- .. -----~------------------,------- - ~--·--~------.-------··-----------

25GO 15 

2500 30 

2500 /15 

3::100 15 

3500 30 

3500 ItS 

-----~--~-----

SCJO 15 

5DOO 2') 

SDOO !t5 

--·-- --~- ~--~------· 

7.5 0.136 

5 7 0.052 

3.6 0. Qi;l 

2.5 

4.5 

4.0 

?os t hi ::s llr.;o(: z.~-r12.a 

u f vel~~ cl.e.. 

L_)ost h.::::.~~ clearc-:d 
~.:he vciLi..clc. 

1'os t h:l'3 clec;~·2ci 

t:he. vc:hi~,._~J c·. 
---------------- --------··-·"-------·-----

Sgl 0.123 

3 7 . ' 0.052 

2.6 0.040 

--------------
3.5 0 .13) 

L.D 0.053 

1.8 0.038 

1.9 

3.2 

3.0 

" " .La L 

2.2 

2..1 

,::?cs t L ;_ Ls ::..o~,.JC ar~a. 

of ve~1ic.le. 

Post l;_cis c1r:~it~-:-:d 

the vc>.~._L cl~..; o 

:~o s t llc:lS c .1- e.::-d_· e (j_ 

the \JC:~Llc}c. 

;
1 osL ;;=i. t:-; .,,- :_ .. ~.~...L--;11lr:.·ld 
:--1rea o ;__ "v'C"-1-~Lc.lc~ ~ 

_,_\JSL n~_1S CJ...t~arcci 

~:he vt:.hic.-~ ..... l, 

?ost lEtS c:~~e,_1:r.·..:.Q 

~-lie vc~J. l clt::--::. 
·------------·----· -----·-· ·-··---- ------ -----·-··-

·\~I~E ~8. R~S~f'{S ~-J~ SI~~ lD ~lTH 3ASE 
7~-~·.~'UKS ~~~~RGY OF 9.7 F~:-KIPS 

FOR L2 INCH P0Sf 

• 

0 
+> 



F.4ll5 

TEST 505 SS-A 

This test of a frangible aluminum sign support Has conducted on November 25, 
1969. A 1959 Ford Heighing 3550 lbs impacted the sign head on. The sign 
rotated through approximately 105° before striking the top of the vehicle. 
The folloHing data has been compiled: 

Vehicle Data 

Make and model 1959 Ford sedan 

Weight 3550 lbs 

Residual deformation 
Front 8 in. 
Top 2 in. 

Sign Data 

Pole diameter 6 in. 

Pole height 12 ft 

Sign Hidth 6 ft 

5 ft 

12.1 ft 

Sign height 

Overall height 

Location of cg 

Overall Height 

4.1 ft from top of sign 

148 lbs 

Film Data 

Initial speed 

Final speed 

Time in contact 

Distance in contact 

Energy lost during contact 

29.0 mph 

26.3 mph 

0.084 sec 

3.32 ft 

17.9 Kip-Ft 

Pole horizontal 2 feet above roof, 0.304 
seconds and 11.7 feet after impact. 

Pole recontacts vehicle (roof), 0.338 
seconds and 13.0 feet after impact 
(after rotating through 105°), 

Accelerometer Data 

Peak deceleration 
Left frame 
Right frame 

4.1 g's 
4.8 g's 

Average deceleration 
(over 0.071 seconds) 
Left frame 2. 0 g' s 
Right frame 2.1 g's 

37 
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TECHNICAL MEMORANDUM 505-8 

Texas Transportation Institute 
Te~as A&M Research Foundation 

ENERGY-ABSORBING BRIDGE RAIL 

(FRAGMENTING TUBE) 

A Tentative Progress Memorandum on Contract No. CPR-11-5851 

U. S. Department of Transportation 
Federal Highway Administration 

Bureau of Public Roads 

By 

T. J. Hirsch 
Research Engineer and Principal Investigator 

Arthur J. Stocker 
Assistant Research Engineer 

and 

Don L. Ivey 
Associate Research Engineer 

F.406 

Crash tests and evaluations were conducted under the Office of 
Research and Development, Structures and Applied Mechanics Division's 
Research Program on Structural Systems in Support of Highway Safety 
(4S Program). The opinions, findings, and conclusions expressed in 
this report are those of the authors and not necessarily those of the 
Bureau of Public Roads. 

February 1970 



F.407 

INTRODUCTION 

Personnel of the Texas Transportation Institute conducted a series 

of four vehicle crash tests to evaluate an energy-absorbing bridge rail 

which was designed in a joint effort by engineers of the Bureau of 

Public Roads and those of the Southwest Research Institute. It is pos-

sible to design a backup rail to retain a selected heavy vehicle. How-

ever, this \vas not attempted in the bridgerail Hhich was constructed 

and, for convenience, the basic components of the Texas Tl bridgerail 

were used for the backup rail. 

This energy-absorbing system is a blocked-out six by six box beam 

guardrail, attached to 6 IF 25 support posts as shown in Figures 1 and 

3. The blocking out of the box beam is accomplished at each IF support 

point by a guide tube and a fragmenting (energy-absorbing) tube1 . The 

thin aluminum fragmenting tube is rigidly connected to the six by six 

box beam. It is not rigidly connected to the ~ post, but fits into a 

die which is attached to the post. Under lateral load, the fragmenting 

tube is forced onto the die and progressively breaks into small segments 

at a predictable load level. The bridge guide tube acts to prevent 

movement of the box beam in a longitudinal and vertical direction, but 

s1ips through its support on the IF post to allow lateral movement of 

the box beam. The box beam is then capable of lateral deformation (up 

to a distance of approximately 18 inches) under the loads imposed by 

an impacting vehicle. After 18 inches of lateral movement, the box 

beam comes into contact with the rigid ~ support posts which develop 

a high level of lateral restraint. 

1 Superscript numbers refer to corresponding numbers in Selected References. 

2 
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F.409 

TEST PROGRAM 

General 

Four tests were conducted to determine the capabilities of this 

bridge rail-guardrail system. Three of the tests were against the 

box beam rail at a post point or between posts with vehicles varying 

in weight from 1560 lbs to 4720 lbs. A fourth crash was made at a 

point in the guardrail section to test the transition area between the 

guardrail and bridge rail. Vehicle weight for the fourth test was 

3270 lbs. A plan view of the test installation and sum.mary of the 

four tests are given by Figure 2. 

For the purpose of documentation and data reduction, a total of 

seven (7) cameras was used. One Hycam motion picture camera, operating 

at 500 frames per second, photographed the impact point perpendicular 

to the vehicle line of approach; while a second, similar camera was 

focused on the impact point perpendicular to the bridge rail. A Fastax 

camera, operating at 500 frames per second, was positioned in line with 

the rail at one end to record vehicle deflection parallel to the rail 

and to record rail deformation. An overhead, high-speed Photosonics 

camera gave a view of the vehicle movement at impact on tests A and D. 

Documentary cameras, operating at from 32 to 128 frames per second, 

provided documentary coverage of each tE's t. 

Impact veJocities were determined electronically as \vell as photo

graphically. A pair of tape switches was placed so that they would be 

crossed by the right front wheel of the vehicle just before impact with 

the bridge rail. The time between actuation of the first and second 

switch was measured electromechanically, permitting the speed to be 

calculated. 
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Accdt'ru':Jcter LidLl ,;ucl time-dispL1cement tables from the high-speed 

films <.::111 be fc•Lmcl i:1 tlJ·,· llppendic;. Tlw accelerometer traces shown were 

obtninc:d thrc>ugh .1 2t1 HZ J,J\1--pass f:U ter to eliminate the effects of 

· ltc 'l!diltc'rccl cl:tta is available. 

fol.luvJint' i.e;.~. par-te: ii"ti·1'~ _,f the 'tar<l1··:,re in the system, with basic 

dimt~nsions of 2:-~ch, ~,Hl uVt:~-·.·111 bridge rail dimensions. 

Uridge Rail 

Box beam rail 

FragmenUng tube (2024T) nluminum) 

Cuide tur1e 

Post 

Post base plate 

Pest to slab bolts 

Plate under slab 

Bridge dPck Lcl top l)I box beam 

bridge J,ck co t:cp of channel on post 

Frcnt cf ;-:>ost t<l front. c1f boz beam 

Fragmenting tube leE;r:'.t ll 

Guardrail 

Box beam rail 

Line post 

Line post stabnL·tng p1a' 

6 

3/16" X 6" X 6" l 

3" O.D. x 0.120 wall 

1/4" X 2" X 3" 

6 w=- 25 

1" X 9-1/2" 

7/8" 

1/4" X 8" 

8"-11. 5 

27" 

29-9/16" 

26" 

19" 

lb 

X 

X 10" 

9" 

J/16'" X 6" X 6" 

3" 1 5. 7 lb 

1/4" X 8" X 24" 

27" 



\ 
\ 

1. 

2. 3. 

5. 

Figure 3, Detail Views of Bridge Rail and Guardrail 
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The fir.st test in the ser:~es of four was conducted June ..5, 1 '-'\_,9 

with a '1200 lh, 1903 It-door Plymouth. The angle of attack \vas 25r' 

;,nd imp:1ct veJocit.y '.vas 58,3 mph. The impact point for the left ~ronl 

bun~per Haf, chosen bct:,Jeen two posts in an effort to test the weakest 

point: of the box beam and exert maximum force on the first fragmenting 

tube dovmstream from the point of impact. 

Figures :+ and 5 show the vehicle condition before and after the 

test. The vehicle was redirected by the rail and followea closely ro 

the box beam {or approximately 75 feet before recontact occurred. This 

returu to the guardrail was caused by drag of the damaged left front 

Four guardrail posts were knocked down and the vehicle \;~edged 

in the guarc1rai, turn-c1m,·n. Vehicle passenger compartment encroachr;ent 

\¥as negLigible. 

Prior to T2sts F1-B, C, and D, the end anchorage was eliminated on 

the dcnvnstre;__nn end ;:m..-1 an additional length of guardrail inst:llle.cl so 

that vehicl·' ,.rould not be increased by contact \-:;_th the :C'JiFdrfl Ll 

:_:ricborage are<1. -r;,,_, test series was intended to evalu<1 te the brj d;;e 

area, and was nol priu•nrily concerned with the effects of turn-·<'tOh'ns 

or anchorages. 

8 
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Figure 4 Vehicle Before Test (FT-A) 

Figure 5 Vehicle After Test (FT-A) 
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Figure 6 

f,7.:; 
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~ ' i1r'-
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Ins tallation Before and After Test (FT-A) 

10 

F.415 



F.416 

1 . 2. 

1. 4. 

5 . 6 . 

Figure 7 Sequential Photographs of Test (FT-A ) 
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1. 

2 . 

3. 

Figure 8 Sequential Photographs of Test (FT-A) 
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}'est FT-B 

A heavy vehicle was selected for the second test in the program, 

a 1959 4-door Oldsmobile weighing 4720 lbs. Impact velocity was 54.8 

mph at an angle of 25°. 

Figures 9 and 10 show the condition of the test vehicle before 

and after the test. The point of impact was again chosen at a point 

on the rail half->vay between two posts. After impact, the vehicle left 

the rail, moved to a position some 5 feet from the original rail position, 

followed the rail, and then turned back into the guardrail due to left 

front drag caused by wheel damage. After tearing down four guardrail 

line posts, the vehicle came to rest at an angle of approximately 45° 

to the guardrail, some 100 feet from the point of impact. No visible 

vehicle compartment encroachment was noted. 

The simulated bridge deck 1vas cracked as shown in the lower left 

photograph of Figure 11, but was repaired prior to Test FT-C. 

13 
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Figure 9 Vehicle Before Test (FT - B) 

Figure 10 Vehicle After Test (FT - B) 
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Figure 11 

---1\~+ 

,~-

Installation Before and After Test (FT-B) 

F. 420 



~ - -

1. 2. 

3 . 4 . 

5 . 6. 

Figure 12 Sequential Pho t ographs of Tes t (FT-B) 
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1. 

• .. Jt,. " 
~ ~· 

2. 3 . 

4 . 5 . 

Figure 13 Sequential Photogranhs of Test (FT-B) 
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Test FT-C 

Since the first two tests involved medium and heavy weight vehicles, 

a 1560 lb, 1961 Volkswagen was chosen for the third test. The impact 

angle was 25° and th e impact ve locity was 46.1 mph. Although 60 mph was 

desired, the vehicle did not have sufficient power to achieve this in 

the available acceleration distance. 

Vehicle condi t ion before and after the test is shown in Fi gures 14 

and 15 . There was no measurable tube activation due to the impact, 

though one tube was superficially deformed at the die. After impact, 

the vehicle followed the rail (at a distance of from one to two fee t) 

for some 120 feet, brushed the end of the guardra i l in a long left turn, 

and then came to rest in an open field . Though the left side of the 

vehicle was dented from front to rear, there was no significant 

encroachment of the vehicle compartment. 

18 
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Figure 16 Installation Before and After Test (FT-C) 
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1. 

2. 

.,f._ .. 
~,;:., 

3 . 

4 . 

Figure 17 Sequential Photographs of Test (FT-C) 
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Test FT- D 

The fourth and final test in this project was designed to test 

the transition area between the bridge rail and guardrail. A point 

fifteen (15) feet upstream from the bridge deck (17 feet from the 

first bridge rail post) was chosen for the impact point. The test was 

run on July 8, 1969 with a 3270 lb, 1963 4-door Plymouth similar to 

the vehi cle used in FT-A. Impact velocity was 61.8 mph and the angle 

of attack was 25° . 

The vehicle was successfully redirected though there was consider

able damage to the installation and the vehicle. After traveling 

approximately 80 feet from the point of impact, the vehicle carne to 

rest in the guardrail system just downstr eam from the bridge. As shown 

in Figure 21, the outer sheet metal o f the left front door was snagged 

by the rail spli ce just after impact and was torn off. The inner door 

panel remained in place, however. 

22 
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Installation Before and After Test (FT-D) 

24 



F . 430 
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1. 2 . 

3 . 4. 

Figure 21 Sequential Photographs of Test (FT-D) 
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1. 2 . 

3. 4 . 

q 
I .,.,.. 
; 

5. 6. 

Figure 22 Sequential Photographs of Test (FT-D) 

26 



F.432 

SUMMARY AND CONCLUSIONS 

The full-scale tests to determine the interaction of a vehicle 

and an Energy-Absorbing Type Bridge Rail are summarized in Figure 2, 

Table 1, and Table 2. 

In Table 1, the figures shown indicate how much of each fragmenting 

tube was used in absorbing the energy at a particular bridge post. In 

Tests FT-A, B, and C the largest of these deformations is a rough approxi

mation of the maximum deflection of the box beam rail. Approximately 

10,000 lbs is required to activate each fragmenting aluminum tube. 

Table 2 shows decelerations in g's. All deceleration levels are 

within the survivable range given by Olson et al2. In all of the tests, 

there was no significant vehicle compartment encroachment, but in FT-D 

part of the left front door was torn off. In all tests in this series, 

the vehicles were redirected and came to rest without rolling over. A 

properly seatbelted, shoulder-harnessed passenger would probably have 

sustained only minor injuries in each test. 
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Bridge 
Post 

No. 

TABLE 1 

DEFORMATION OF FRAGMENTING TUBES 

(In Inches) 

Bridge Test No. 
Tube 

I No. FT-A FT-B FT-C I F T-D 

l 
- - ~ 

I 

I -t--I 
1'~ I 

----~...--...-J 
I 

10 

11 

12 

13 

14 

15 

16 

17 

* 

i 
0 

I 

1/8" 0 I 1-

I 

I 
' 

2 0 6" 0 I 
I I I 

I 
l I 

14-3/4" I I 
3 0 I 0 I 

I 
I 

j 

4 2-1/2" I 10" 0 j 

I I 
I 

I I 

I 5 5-1/2" i 1/8" 0 I 

I 
I I 

i I 

6 0 I 0 I 0 
I I I 

I 

I 

7 0 0 I 0 I 
' 

I 

1/4" 

0 

0 

0 

0 

0 

0 
I I 

8 0 J -~-_1----~~l-~-0 

----~J 

Tubes are numbered from South to North end of bridge. 
(Vehicle travels from South to North.) 
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Test No. :ll 

' ' 
f--·--· -----~-~--+--- ------------+---· 

* 

' I 

t·"I-A 4. 5 5 J 2 l 

FT-1~ 3. I 3. 7 2 0 

FT--C 
.. , 

I 4. '7 ' 0 ;, I 

FT-D 4 :) L, 3 l '3 

- ~~-~-·'"---- --- ~ 
.. - -----------~ 

L_ 

Average dece1e.rat:iun lJerpendicular to br_idg(-=: rail 
up to maximum penetration. Ca]c•il:lterl from 
graphic measurernccnt. of initia] vcloc ity a,1d tr·ans
versc distar;.ce vehjc_:Lc c:~g~ trcntt:;ls trorn initi-~:1 

contact to maximum penetration . 

...:ecelE:ration perpendj cular to Lr i '-:gt: rd i 1 
up to maximum penf:tration. Calculated fr-,)m photo
g ic tnf~asuren:ent: c:; in itia1 vcJ cc_it ~r ,·tnd br-Ldgc 
raj __ l Jef].ectic>nb 2 

Averag~~~ dc~ct-.-ler;lt~_Cln .~:llOJlg vehlcl~~ 1 s J:.)ngitudina: 
axis during contact with bridge cail. CalculateJ 
fr,im r:hotogrc1ph.ir· l:li•astlrPnent of I'1.it:i.al :mel ,-ina] 
·vetoc:Jtie:::;:-~ and dlscanc(_ . .in contn{":t. 
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TABLE Al 

TEST 505 FT- A 

High Speed Film Data 

Time Displacement Tim e Displacement 
ms ec . f t msec . ____ ___u: ____ ----·-- · ---- ------

-50 . 0 - 4 . 3 (Continued) 

-40 . 0 - 3 . 4 200 . 0 14 . 9 

-30 . 0 - 2 . 6 210 . 0 15.5 

-20 . 0 - 1. 7 220 .0 16 . 1 

-10 . 0 - 0 . 9 230.0 16 .7 

0 Impac t 0 240 . 0 17 . 3 

10.0 0 . 9 250 . 0 17.9 

20 . 0 1.7 260 . 0 18 . 5 

30 . 0 2 . 6 270.0 19 .1 

40 . 0 3 .4 280 . 0 19 .7 

50 . 0 4 . 3 290 . 0 20 . 3 

60 . 0 5 . 1 - Car Leaves Rail -

70 . 0 5.9 300.0 20 . 9 

80 . 0 6 . 6 310 . 0 21.5 

90 . 0 7. 4 320 .0 22 .1 

100 . 0 8 . 2 330.0 22 . 7 

llO . O 9 . 0 340.0 23 . 3 

120 . 0 9. 7 350 . 0 23 . 9 

130 . 0 10. 4 360 . 0 24 . 5 

140 . 0 11.1 370 . 0 25 . 1 

150 . 0 11. 7 380.0 25 .7 

160 . 0 12.4 390 . 0 26 . 4 

170 . 0 1 3. 1 400 . 0 26 . 9 

180.0 13 . 6 

190 . 0 14.2 
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TABLE A2 

TEST 505 FT-B 

High Speed Film Data 

Time Displacement Time Displacement 
msec . ___ f_t_ __ _ _!ll_?e~ _ ____ j_t __ 

-61 . 2 - 4.9 (Continued ) 

-51.0 - 4 . 1 240.5 16 . 7 

-Lf0. 8 - 3 .2 250.5 17.1 

-30.6 - 2.4 260.5 17 . 7 

-20.4 - 1. 6 270 . 5 18.2 

-10.2 - 0.8 280.6 18 . 8 

0 Impact 0 290.6 19 . 3 

10.0 0.8 300 . 6 19 . 7 

20 . 0 1.6 320 . 6 20 . 8 

30.1 2.4 340 . 7 21.8 

40.1 3.2 360 . 7 22 . 7 

50.1 4.0 380 . 8 23 . 7 

60.1 4.8 400.8 24.6 

70.1 5.6 420.8 25 . 6 

80.2 6.3 440 . 9 26 . 6 

90 . 2 7.1 460.9 27 . 5 

100.2 7.9 481.0 28 . 5 

110.2 8.6 501.0 29 . 4 

120.2 9.2 521.0 30.4 

130.3 10.0 541.1- Car Leaves -31.3 
Rail 

140.3 10.7 561.1 32.3 

150.3 11.3 581.2 33.3 

160.3 11.9 601 . 2 34.3 

170.3 12.6 621.2 35.2 

180 . 4 13.3 641.3 36.2 

190.4 13.9 661.3 37.1 

200.4 14.5 681.4 38.0 

210.4 15 . 1 701 . 4 39.1 

220.4 15.6 721.4 40 . 0 

230.5 16.1 741.5 40 . 9 

761.5 41.9 
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I TABLE A3 

TEST 505 FT-C 

) 

HL'h S:>ecd Filn1 Data 

' 
Tir,,· l)_L" I' lac C~lCll t Ti111C Displacement 
::,sec~ ft 111SeC. ft -------- -·----.- -~·-- --- --------~ ------ ·---- ----- -----

-- 71 ~ ') -- i+. i) 
(Continued) 

__ () l ~ 1 4.1 203.7 10.0 

.c,Q,CJ 3. 4 21'3. 8 10.5 
__ I+(). 7 - 2.8 224.0 10.9 

- 3(). h ·- 2.1 234.2 11.4 

-· _? ! ) ~ -~ -- l.4 244.4 12.0 

]0.2 - 0.6 254.6 12.4 

() 1clpact 0 2 61-~. 8 13.0 

L:.1. 2 0.6 274.9 13.5 

2\J. L, 1.3 285.1 13.9 

'HI. b 1.9 295.3 14.5 

41J. 7 7.5 305.5 14.9 

')(). ') 2.9 315. 7 15.4 

G 1. l 3.5 325.9 lG.O 

7 l. 1 ). 9 336.0 16.4 

81. 5 4.4 - Car Leaves Rail -
')l • (, 4.9 346.2 16.9 

! 01. 8 5. 3 356.4 17.4 

112.0 5 7 . ' 366.6 17.9 

l 2.2 6.2 37C.d 18.4 

132.4 6. 7 387.0 18.9 

1 1+2. (, 7.1 397.1 19.4 

L '):,· • 7 7. 6 407.3 l 9. 9 

l_h1.9 8.0 417.5 20.3 

1 n. 1 8.5 427.7 20.8 

I en. 3 9.0 437.9 21. 3 

1 (l 3. 5 9.5 448.1 21.8 
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t! 

TARLE A4 ' TEST 505 FT-·D 

High Speed Fib Data 

1 Time Displacement Time Di.solacement 
_ps;_e~_ ft __ ffi..f?_e_c:..,_ ----~--_fJ: _____ 

·~ -~--~-----"·--

' -61. 5 - 5.6 (Continued) 

-51.2 - 4.6 304.2 20.8 

--41.0 - 3.7 324.5 21. 6 

' -30. 7 -- 2.8 344.8 22.5 

--20. 5 - 1.9 365.0 23.2 

--10.2 - 0.9 385.3 24.1 

0 Impact 0 405.6 24.9 

10.1 0.9 425.9 25.7 

20.3 1.8 446.2 26.5 

30.4 2.7 466.4 2 7. 2 

40.6 3.6 486.7 28.0 

50. 7 4.4 507.0 28.7 

60.8 5.3 527.3 29.5 • 
71.0 6.2 547.6 30.3 

81.1 7.0 567.8 31. 1 

91. 3 7.8 - Car Leaves Rail-

101.4 8.8 588.1 31. 9 ' 111.5 9.5 608.4 32.6 

121.7 10.3 628.7 33.4 

131.8 ll.l 649.0 34.2 

llt2.0 11.9 669.2 34.9 

152.1 12.6 689.5 3 5. 7 

162.2 13.4 709.8 36.5 

172.4 lif. 0 730.1 37.3 

182.5 14.8 750.4 38.1 

192.7 15.3 770.6 38.8 

202.8 16.0 790.9 39.7 

212.9 16.6 811.2 40.5 

223.1 l7.1 831.5 41. 3 

2 33.2 .1.7 • 6 851.8 42.0 

243.4 18.1 872.0 42.7 

263.6 19.0 

283.9 20.0 
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ThEse crasl1 tests and evaluations were conducted under the Office 
of Research and Development, Structures and Applied Mechanics Division's 
Research Program on Structural Sy;:;tems in Support of l1ig}n,wy Safety \AS 
Program). The opinions, findings, and conclusions expressed in this 
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INTRODTJCTTIJ' 

Cellular concrete structures hi.l'!E heeu proposed ,, vcl1 icle decel-

eration devices in a recent fe:1sihi.lit:y ''' wr 

1'~ 
Laboratories Three vehicle crcul: tests J:-:ve l:•een Ci•J:duc:.ed on a 

lightweight cellular concrete crar~h CcJ:-,1--,io-, rde.signr-·· 1 !·y ;'L·rsonnel of 

the Texas Transportation Institute) witl1 very favoiable results. The 

crash cushion is composed of venr,if'.uL ;-" ccr t-·rpte •,v_"_;:)o LcJ i_cl\v cardb•)ilrJ 

tubes (23 inches in diameter) spaced throuc:l'Hll to nrovide Lh<• rwcessary 

voids. Lightweighl \>lelded \vire fabric i,; w;(~d as reinf<,rcer;:r_'nt For the 

vermiculite. The first Concrete Cr "':!; CusLion con··.t L"nct:c:d i·~ shcvrn ;_n 

Figures 1 and 2. 

The concrete used for the cra.sh CIJSr!lons in this st ',.,·as composed 

of cement, water, and a COIPJnercia' ~~r,:clc of vermiculice. Tlt.i.s verr:ncu-

lite aggregate was very uniform in grnd~tlon. V~r~iculit~ 1s n kiln-

expanded mica. Since mica ]s a rod~ C•l:::posed of m2:'y thin ];lY'"l''i, tt 

is subject to high expansion, 1eavi_"'3 ,c,paces Lc.'tV.•.'t'n thLoS(' laye1:s. J''l•e 

average size particle is approximately a 1./8 lnd1 ,:ubP. l'il close exami--

nation, a single cubical particle looks 1 i~e a tiny accordiJn. These 

small cubes can be compressed to;, f1<c'' p:;rricle by .slig:1L pressure. 

The extreme light \ve:Lght (per 1m1~. ';uJumr·) of t!JLs aggre~;ate in combina-

low-strength concrete. 

-----~- ----

i< Superscript numerals refer to cotTespondic,;; :·efer·=nc,c-~; at the end 
of this report. 
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VERMICULITE CONCRETE 

( 30 LBS/CF 50 psi) 

! Jl_l_i-r------ i 

L~~~Ufflml!T+ : 
I 

CRUSHABLE #22-1414 WELDED WIRE 
CARDBOARD FABRIC EX TENDING 

1 
FORMS THROUGH ATTENUATOR 

I 

DIMENSION B = I IN. 

F.448 

NON YIELDING REINFORCED 

CONCRETE WALL 

-~) 
·;,: T 

FIGURE 2, CONCRETE CRASH CUSHION, TEST 505V-A 
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:-L\TERL\LS AND co:\STRUCTIO;\ 

A 1:7 mixture of vermiculite concrete was used in all three crasl1 

cushions. Coarse vermiculite aggregate and Type III c~ment were used 

in the cushions for Tests 505V-A and 505V-B. Kelded wire fabric (24-

1414) reinforcement \vas placed lo:lgitt!dinal1y in each side wall and 

transversely between each ro\•1 of :.;onotubes in the 505V-A cushion. In 

the SOSV-B cushion, a layer of this wire fabric was also placed in the 

top and bottom surfaces. Mixture proportions and properties of the 

concrete are given in Table 1. Folding cardboard carton iorms were 

used as the bottom form with reinforced 3/4 inch plJ'•IOod sheets used 

for the side forms. In Tests 505V-A and SOSV-B, the cardboard carton 

forms remained in place and supported the cushion ti inches above ground 

level when installed at the test site. The sonotube spacing was main

tained with small wooden blocks. 

The cushion for Test SOSV-A w:ts cast as a single unit, then trans

ported to the test site and ins tell led. Tl12 SOSV-1:\ cushion \vas cast in 

place at the test site. Precast modules were' used in constructing the 

cushion for Test SOSV-C. One of the thre>e-tclbe modules is shown in 

Figure 4. The welded wire fabric was placed in all four outside walls 

of the forms. Using a new fast-setting cement developed by the Portland 

Cement Association, the forms vwre removed in less than two hours after 

casting. This cement was furnished by the Lone Star Cement Corporation 

and is still in the experimental stage. 
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Test 

505V-il 

0' 

505V-B 

.505V-C 

Aggregate 

121.3 lbs/cy 
20.2 cf/cy 

140 lbs/cy 
23.4 cf/cy 

150 lLs/cy 
23.0 cf/cy 

TABLE 1 

:HXTURE PROPORTIONS Al'."D PROPERTIES OF VERJI1ICULITE CONCRETE 

Cement 

272 lb/cy 
2.9 sacks/cy 

312 lb/cy 
3.34 sacks/cy 

30~ lhs/cy 
3.24 sacks/cy 

1~ater 

607 lb/cy 
72.9 gal/ cy 
25 .l gal/ sack 

629 lb/cy 
75.5 gal/cy 
22.6 gal/sack 

645 lb/cy 
77.4 gal/cv 
23.9 gal/sack 

Wet Unit l.Jt 

37 pcf 

40 pcf 

id !:>e:f 

average 

Dry Unjt Wt 

32 pcf @ 

12 days 

32 pcf :] 
18 days 

21 pcf @ 

30 days 

Compressive 
Strength 

50 psi @ 
12 days 

71 psi (rl 

1J days 

j7 psi 
30 davs 

v-, 
c 



'j, ·n··c,mc'CCtY Components of 
F1 d'C l)"nd.:ullte 'lodule 

Figure 
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TEST PROGRAH 

General 

Three full-scale vehicle crash tests of the lightweight cellular 

concrete crash cushion have been conducted. Electronic accelerometers 

and an Impact-0-Graph wer~ used in each test to record decelerations. 

High-speed cameras (500 frames per second) recorded the crash, and 

analysis of this film gives vehicle displacement and velocity with 

respect to time. Rough estimates of deceleration over distances of 

several feet can also be achieved by analysis of the photographic data. 

Selected photographs of the vehicle and crash cushion before and after 

each particular test, and sequential photographs of the test in progress 

are included. 

Cr•ash Tests 

In Test 505V-A, only one-half of the proposed full-size crash 

cushion was fabricated. The first 12 feet of the cushion, shown in 

Figure 1, was subjected to a low-speed test (41 mph) by a 3650 lb 

vehicle. In Test 505V-B, a full-sized crash cushion (24 feet in 

length) was cast in place (see Figure 5). In this test, a 3200 lb 

vehicle impacted the cushion at a velocity of 59 mph. In the third 

test, 505V-C, the precast modular construction technique was used 

and the barrier was put together in the field using three-tube and 

two-tube modules. The design of this cushion is shown by Figure 6. 

A 4560 lb vehicle traveling 64 mph impacted this crash cushion head on. 

For comparison purposes, the test of a 3270 lb vehicle traveling 53 mph 

8 



CABLE 

CABLE 

\1:) 

#22-1414 WELDED WIRE 
VERMICuLITE CONCRETE FABRIC EXTENDING 
(30 LBS/CF 50 psi) THROUGH ATTENUATOR 

I 

-// 

ANCH\ORAGE -r<l bl ~//--:--------~-----------1---------~-- ________ _j__. ___ J. 
I -// / I I I I I 
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I I 

I I I CRUSHABL'-
1 I 3;~' CABLE CARDBOARD 

FORMS 
#22-1414 WELDED WIRE 
FABRIC ENCLOSING 

22" SONOTIUBE' O.D. 23" ATTENUrTOR . r1 

- ~""" -.--"11 
/ I( \ \ 1 I I I 

NON YIELDING REINFORCED 
CONCRETE WALL 

1 .•. ·-
.~~, ~ ... ·. 

·;., 

,. ~·.· . .l:i, .. ·,_., 

I 

l-
_1 
·o 

I 
-I() 

I 
_L 
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.::·: II ... .. 

,~)e;~·I.:E~·rd88888~8-ffi88 . 
+- I ~· 

I 
·a 

I ·a 

l c·' 
-':. ~~ .. 

2'-10}; -10'-2~· • < g'-5" • ;::·d~ 
DIMENSION 8 = 2 IN. 

FIGURE 5, CONCRETE CRASH CUSHION, TEST 505V- 8 
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CABLE 
ANCHORAGE 

J 
-10 

I 
N 

t 

EXPOSED 
SONOTUBE 

6" CARDBOARD 

MODULE A 

3 2'-o" = 6'-o" 

VERMICULITE CONCRETE 

(30 LBS/CF 50 psi) 

6" RE-BAR CHAIRS 

VERMICULITE 

1/' I" 
14 X 3/2 STOVE BOLT 

MODULE B 

3 2'-o"= 6' -o" 

WITH FLAT 
WASHERS 

6" STOVE BOLTS 

MODULE C 

3 2'-o"= 6'-o" 

ff:22-1414 WELDED 
WIRE FABRIC ENCLOSIN 
EACH MODULE 

MODULE D 

3 2'-o" = 5!... o" 

NON YIELDING 
REINFORCED 
CONCRETE WALL 

l 

t 
=o 
_I ,.., 
t 

F JGU R E 6, CONCRETE CRASH CUSHION, TEST 505V-C 
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:i.mp<Jt' c i ng c, r-L;",id w<L l is Lncl u·,;c:d. This test is d esi.gna t eel 50 5- 1W and 

l-c,r~ ~~~ts are sum;nat·izeci in Tahl~ 2. Jn Test 50'JV--A 

~:'ic'ra[:ce h •. Lrier [orcr: of ...IJ,OOII lb:c;. The average deceleration t,·:ts 6. ·o, 

,;'•;, -,,<li,·h i:~ cun•;i.),,r,•d an ztc•.·ept·•.b2:,• level. Test 50)V-!3 i.llu:-;tre~t.tcd 

!i.glitweight cellular concrete' CL'Js!1 cushions. The COT:lpress.i.ve 

srn'ngti, of ti•.ct "'''rmi,:uL tE' , onc-rr·te Has increased to 71 psi and dimension 

to these differences, the barrier was significantly stiffer than the 

pr,;vi.:•us barrier tested and a deceleration level of 10.3 g's was observed 

(Fi.E',tlrE.'S 15 thnmgh 21). This curresponds to an average sroppLntc force 

1y 33,(Hill lb:.:. 

!-ia.sed n the results ct 1.he first t'.vO tests, n thircl barrir.?r, shown 

'.vcmicl rc:c;~_tlt in tltt• de-celeration of a 2,000 lb vehicle traveling 6U mph 

aL '" ,[,occl::'ri'tion .,;·;,··slightly less t'lan 10 g's. The next 12ft of 

tl1e harrier, 

4500 lb.s. This barrier was test'~t' ~,-u:; a Lf5h0 lb vc:hicle travcl.lng 



~~TEXAS TRANSPORTATION~ INSTITUTE 

PROJECT 50 5- I W 

FJgure , . ;~rash Test 505··IV (Immovahle l-Jall) 
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TABLE 2 

SlJ>-il'L\lZY OF TEST DATA 

.---------·-- - -· - ~--~ 

Test No. 

f---·----~-· 

Vehicle, 
Year and Hake 

f--------·-···- ·---~---- ······-·· -

-- r 50;~: 5~-,~,J 505V-C 

I 1956 
1 

1063 i 1958 

~ Pontiac Dodge 1 rndsr10bile 
I 4 Door 4 Door 2 Door 
I I - ~ -~--~--r---~~- ----- --~-----

I 505-m I 1 
Rip::~:n 11 

.

Ply .. mou:=th -~' 4 Door 

3270 

1----------·--····---- . --····-- ··--·-·-~-1--- ~-~-
Vehicle Velocity (V), fps 

mph 

vehicle Height (1-i), ] bs L 3650 • 3200+--'' 4560 

: I 

, 60.3 I 86.2 i 93.3 78.3 
1 41.1 ss.8 1 63.6 s3. 3 

:toppin: lJl:,~'" (D), ~t ---~ ~-~ l~ J-~,~~ _ T -3~R-~ 
Max. Deceleration, g' s 

1 

a 
1 l CJ I 

(longitudinal) ----···-·. 

10

~~ f 
20

•

5

a ' _'
0

·~~ 
Avg. Deceleration, 

(longitudinal) 
g's 

1-----~--------~-- -- ... ~--~ --- ... 

Attenuation Index 

AI 
(max) 

AI 
(avg) 

G (max. test) 

G (max. rigid)c 

C (avg. test) 

G (avg. rigicl)c 

s.P i 6.na"' I 6.sa 

_6.lb -I JO~lb-i---~·-~~--

0.29 

0.27 

1 0. 39 • 
I 
I 

I 
I 

1 o.31 

L 

0.18 

0.17 

aElectronic Accelerometer, *Not reliable clue to zero shift 
bcalculated from stopping distance 
cG (max. rigid) = 0.9Vcl, G (avg. rigid) 0.574Vd, V in mph 

o. 73 

0.82 

dEmori, Richard I., "Analytical Approach to Automobile Collisions," 
SAE Paper 680016, Engr. Congress, Detroit, January 8, 1068. 
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63.6 mph, impacting head on (Figures 22 through 27). The estimated 

crushing force levels from photographic data show the predicted stopping 

forces were fairly accurate. The vehicle was stopped in 21.4 ft at an 

average deceleration of 6.3 g's, which means an average stopping force 

of 28,700 lbs. 

The final test, which was included for comparison purposes (rigures 

28 through 34), was that of a vehicle \·Jeigl1ing 3270 lbs irrpacting a 

rigid '"all at 53.3 mph. The average deceleration Has 25.0 g's and the 

stopping distance of the vehicle's center of gravity, e.g., was 3.R ft. 

The total vehicle residual crush was 3.3 ft. 

A comparison of the severity of these crashes is given in Table 2 

by the Attenuation Index. The maximum and :werage deceleration,; \vhich 

would have been experienced by each vehicle had it o;truck ~1 rigic 

barrier (for example, Test 505-IW) are calculated using accepted thcory
2 

The Attenuation Index is the ratio of the test maximum or average decel

eration divided by the rigid barrier maximum or average deceleration, 

respectively. The theory is an empirical generalization for all types 

of vehicles based on the particular vehicles tested by Emori, and 

could not be expected to give accurate decelerations for each vehicle 

tested. If the theory had accurately predicted the test decelerations, 

the Attenuation Index sho\,'Il for this test \·mule! have been 1.0. T]ce 

,\ttenuation Indices for the three l i.ght\veight eel lular concrete crash 

cushion tests shoH that the impact is approximately 1/4 to l/3 as 

severe as it would have been had the vehicle struck a rigid harrier. 

In Test 505V-A, only superficial sheet metal damage was sustained 

by the vehicle. The radiator \Vas not moved 1vith respect Lo the frame 

l4 



of the vehicle during the impact. ln Test SO_S\'-l~, con~;idcrab ly more 

sheet metal damage \vas don,, to thE~ vei;i,·1e ,1m: tl1e rz1diator \·.'as moved 

back far enough to encounter the fe1n tiLL:c·s. ~~(1 r,'-'('\/Cr, tlJC Vt~lli(' 1 e \\TClS 

driven a\vay from the scene of the cra:olt aft<'r the fan belt had Lwcn 

removed. In Test 505V-C, again only supC'rficial sr>eet mcot:1J :md ,;omc 

bumper damage \Vas sustained. Test 505-H.' resulted in tlte tutaJ and 

irrevocable destruction of the vehicle. 

L\!lfX 

VEHICLE D TTClFc L\TJ 0~\S .\~Tl DX·l.\(; J:S 

~~----------~- ---------

l TE~~. ~~-l. VEHICLL DEfUR\L\Tl()); 

I 505 V-A I 

I 

Above front bumper ilnd 
between fenders, 7 in. 

I 

L---~--··-J ___ .... 

505 V-B 

I 

L~----- .L 

sos v-c 

-------- J._ 

Entire front was de
formed approximately 
12 in. 

Grill and hood 12 in. 
Right front fender 
1 in. Left front 
fender 6 in. Left 
front bumper 1 in. 

Entire front 
Dynamic - 3.82 ft. 
Residual- 3.25 ft. 

f· 

15 

\'Fliir:u D.\H\Cr 

t and left 
Jt·unt fcnt1 t~r,.;, front humper arms, 

c:1vel shiyJd, 1:rill and hood. 
T) LC' tO defl)('t ivc~· r1Utl'lr Jl1\lHnl-s, 

t 1t.:' II:,) tor s1i if tc,J ~·c'l -,.,·zlrd :n1cl 
d_1nag1'd tl1e r:tlii:-ltc;r. 

IH6ht and left front fender~;, 

fccmt 1JU<'1J1L'r, rnnnpL'r arms, grill, 
hood, rildiator, fan, ,.,·;Jtc'r pump, 
r.·lclintclr h:1rness. 

[,eft front fL'nder, gr[ll, houd, 
radiator, fan, and bumper nrms. 
Sl igllt dam;Jgc tu right front 
fender and bumper. 

Totnl. 
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Figure 11, Overhead View of Initial, Intermedia te, 
and Final Crushing Modes During Test SOSV-A 
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TEXAS TRANSPORT,6.TION INSTITUTE 
PROJECT 505V-A 

HU.S lU~:i!'(IIUr!w IJIS!Itlflt 

• t.JtSG SOlifA 

Figure 12 , Impact Area After Test 505V-A 

Figure 13, Damage to Vehicle in Test 505V-A 
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Figure lS, ~0hiclc Before lest 5V~- B 

Fjgure 16, Concrete Crnsl1 C1lshiPn before T(,st ')05\-b 
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Of Test 505V-B 
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Figure 27, Damage to Vehicle, (505V-C) 
Side Vie~v 
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CONCLGSIO'\ 

Thc light,veight cellular concrete crash cushion has been shcn·m to 

lw extremely effective in decelerating a vehic:le for the he.ad-on crash 

condition. Although side angle hits have not been conducted, it is 

expected that further testing will show the acceptability of this type: 

of impact attenuator for tl1is collision condition. This estimate is 

lJased on the acceptable reaction of the ;rodu1ar Crash Cushion
3 

(cc•mpo:.;c·d 

of 55-gallon steel barrels) which functions in a very similar wav. All 

tests show deceleraUon levels '"ithin the tolerance limits of restrained 

humans. The light1veight cellular concrete crash cushion can he~ in:;t:.J i led 

by onF of t'·IO methods by semi-skillEcd laborers. The formwo~k can bo 

placed in the field, and a local vermiculite applicator can supply the 

necessary concrete; or the precast modular construction method can be 

used. The cstirr.ate of cast-in-place construction cosL, including all 

n:ateri:ds and labor, is $800 per installation. t:sing the modular con

c;truction cechnique, considerable savings should be reali:-cec: hy mac,s 

production. 

Close quality control should be exercised on the gemn.etrv of tlEc 

aLtenuator and on the vermiculite concrete. Control of batch proportions 

and unit 1.veight \vH1 give predictable crushing strengths. 

of segments of the crash cushion can be easily accompJ isl1ed af ttc:r ;1 

collision. For a cast-in-place cushion, the crushed mJterial can ~;(' 

removed, that portion of the barrier re-formed, and fresh Vt"rmicul j tc 

placui i.n the necess;uy areas. Fast setting cement "'ill alleviate the 

problem of curing time. For the precao3t cushions, the three-tub<: 

3'1 



F.480 

modules weigh approximately 250 lbs, and could therefore be handled 

easily by four men. The modules which have been crushed during a 

collision can be unbolted, removed, and new modules slipped into place. 

This refurbishment could be accomplished during a low density traffic 

period. 

I~EFI:REFCES 

l. Shoemaker, Norris E., "Research ancl Design of an Impact Absorbinf', 
Barrier for Fixed I!iglnvay Objects," CAL ?,eport :0o. VJ-2SrU-V-1, 
Cornell Aeronautical Laboratories, Buffalo, June lG68. 

2. fmori, Richard I. , "Analytical .\pproach to Automobile Collisions." 
SAE Paper 680016, Fngineering Congress, Detroit, January 8, 1Q6R. 

3. l'irsch, T. J., and Ivey, Don L., "Vehicle Impact Attenuation by 
;rodular Crash Cushion," Research Report ~"umber 146-1, Texas 
Transportation Institute, January 1969. 
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Accelerometer Data 
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A P P E N D I X B 

Photographic Data 
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TABLE lB 

TEST SOSV-A 

High-Speed Film Data 

Time Displacement Velocity 
Milliseconds ft ft/sec 

-40.60 -2.45 
59.1 

-30.45 -1.85 
59.1 60.3 -20.30 -1.25 
62.1 

Avg. 

-10.15 -0.62 
61.1 

0 Impact 0 
60.1 

20.30 1. 22 
53.2 

40.60 2.30 
52.7 

60.90 3.37 
44.3 

81.20 4.27 
40.9 

101.50 5.10 
33.0 

121. 80 5. 77 
30.0 

142.10 6.38 
26.6 

162.40 6.92 
25.6 

182.70 7.44 
21.7 

203.00 7.88 
20.7 

223.30 8.30 
15.8 

243.60 8.62 
11.3 

263.90 8.85 
6.4 

284.20 8.98 
2.5 

304.50 9.03 
-2.0 

324.80 8.99 
-3.9 

345.10 8.91 
-3.9 
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TABLE l B (Continue d) 

TEST 505V-A 

High-Speed Film Da t a 

Time Displacement Velocity 
l1illiseconds ft ft/sec 

365.40 8 . 83 
-4.4 

385 .70 8 .7 4 
- 4 .4 

406.00 8.65 
-3.9 

426.30 8.57 
-3.4 

446.60 8.50 
-3.4 

466.90 8 .43 
- 3 .9 

487.20 8 . 35 
-3.0 

507.50 8 . 29 
-6.4 

548.10 8.16 
-6 . 4 

588.70 8 . 03 
-5.9 

629.30 7. 91 
-5.5 

669.90 7.80 
-4.4 

710.50 7 . 71 
-3.4 

7 51.10 7.64 
-3.9 

791.70 7.56 
-3.1 

913.50 7.18 
+0.6 

1035.30 7. 25 
-0.8 

1157.10 7 . 15 
-0.3 

1278.90 7.11 
+0.2 

1400.70 7.14 
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TABLE 2B 

TEST 505V-B 

High-Speed Film Data 

Time Displacement Velocity 
Milliseconds ft ft/sec 

-30.15 -2.60 
88.6 

-20.10 -1.71 
85.5 86.2 

-10.05 -0.85 Avg. 
84.6 

0 Impact 0 
85.6 

10.05 0.86 
73.7 

20.10 1. 60 
75.9 

30.15 2.36 
80.1 

40.20 3.17 
69.2 

50.25 3.86 
64.4 

60.30 4.51 
57.2 

70.35 5.09 
54.8 

80.40 5.64 
47.8 

90. 45~' 6.12 
42.2 

100.50 6.54 
41.1 

110.55 6.95 
37.6 

120.60 7.33 
34.8 

130.65 7.68 
32.1 

140.70 8.00 
30.4 

150.75 8.31 
29.9 

"1~ Front tires lose contact with ground 
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TARLE 2B (Continued) 

TEST 505V--B 

High-Speed Film Data 

Time DisplacGment Velocity 
~1illiseconds ft ___f_!:j__s_(:'_C_ -
-~------·-·-- ~~-------

1467.30 8.42 
-1.5 

1567.80 8.27 
-0.3 

1668.30 8. 23 
+0.3 

]768.80 8.26 
+0.5 

1869.30 8.31 
+().() 

1969.80 8.37 
+0.8 

2070.30 8.45 
() 

2170.80 8.45 
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TABLE JB 

TEST sosv-c 

High-Speed Film Data 

Time 
iti ll i seconds 

-28.28 

-20.20 

-- 8. 08 

() Impact 

20.20 

80.80 

J en. on 

121.20 

l4].L,() 

1111.60 

181.80 

202.00 

222.20 

262.60 

282.80 

303.00 

323.20 

'343. 40 

Displacement 
ft 

--2.64 

-·l. 89 

-0.76 

() 

l. 82 

3.61 

5.31 

6.95 

8.50 

9.98 

ll. 35 

12.64 

13.83 

14.92 

15.91 

16.87 

17.71 

18.48 

19.19 

19.77 

20.26 

51 

Velocity 
_ f_t[9 e c __ 

93.1 

92.3 

90.1 

88.6 

84.2 

81.2 

76.7 

73.3 

67.8 

G3. 9 

58.9 

54.0 

49. () 

47.5 

4l.G 

38.] 

35.1 

28.7 

24.2 

20.3 

g 3. 3 
Avg. 
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Time 
I! ill iseconds 

363.00 

38). 80 

1'+24.20 

444.40 

464.60 

666.60 

868.60 

1070.60 

1272.60 

1474.60 

1676.60 

L\BU; 3B (Con tinuecl) 

TLS'I' 505V-C 

High-Speed Film Data 

DisplacC>ment 
ft 

20.67 

20.96 

21.16 

21.28 

21.34 

:21.37 

21.10 

20.73 

20.38 

20.77 

20.77 
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Velocity 
_ _f__t:L s e c . 

14.2 

9.9 

6. 2 

3.2 

1.3 

-l. 3 

-l. 9 

-1. 8 

0.6 

1.4 

il 
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TABLE 4B (Continued) 

TEST 505-HJ 

High-Speed Film Data 

Time Displacement Velocity 
1-lilliseconcls ft _ _f_tj_.S_5?:_C_ -------- ---- --------

498.00 1.86 
-7.2 

537.84 1.71 
-3. f) 

5 77.68 l. 64 
-2.2 

617. 52 1. 60 

657.36 
+3. 2 

697.20 l. 66 
+3.!") 

737.04 l. 74 
+' ') 4.~ 

776. 88 1. 82 
+3. 5 

816. 72 1. 89 
+3. 2 

856.56 l. 95 
+1.7 

896.40 1. 99 
+1. 4 

9 36.24 2.01 
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cush t',)n 

t:,,- Fi_tdt Inerti:_J llarrier iJIVl th JII-Dl~O Cc ll ;•,arr_i_r'r. 

u,ot-Lng, (2) fuil-scale heacl-un testing, ::md (l) .';icie nngl~c• tlcstin.;. 

l'f the cx,:ellent performnnce ·.>f the· cuncret~· c:nsition in t'H- ilrst tlnc2 

r·c:ncept to some of their potentially hazard"us i.lreils. 

1-1as designed for the State of Florida
2 

incorporating tl1e basic cushir;n h'hich 

w:.1s t.estcd under Fil\.JA's 4S Program (Figure l, :--loci I) FlTld sidc-fencl<'r pdnelc-. 

The 

l11 con~-·ultation lvith the c:ontract rnana~~c-r for FH'-vA it c.;ac-. dlocicled that 

ad,Jitional tests "-'Ould be ccnducted to furth•·r· evaltuJte the t"nnr:c"L•' cu,;hi,:r 

for bot'' the side angle hit situation and for head--on impact;-; of :;mal1 'ehi,- . _ _c-;, 

F111·ther nwdi~ications of the cushion were made prior to the f-Lnal .'-it'ri<':c; of 

'''Superscript numerals refer to corresponding reft<rences at the c•nd uf t:hj,, rc·p·.)tl:. 

2 
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tests which resulted in the design shown as Mod III in Figure 1. The chron

ological evolution of the Concrete Crash Cushion is illustrated by Figure 1. 

The most significant concrete cushion designs 1.vhich have been tested are 

shown in Figures 2 through 4. This report describes in detail the three 

tests which were conducted on the Mod III Concrete Crash Cushion. 

Appendix B presents the results of a limited scale-model study which 

was conducted to determine the effects of the dimensions and concrete strength 

on the static crush strength and energy absorption of the lightweight concrete 

model. 

Appendix C presents the results of a limited study to evaluate the 

freeze-thalv durability of the vermiculite lightweight concrete used for con

struction of the crash cushion. 

3 



FHWA Feasibi l ity Tests 

Mod II 
(Florida) 

Mod I (FHHA) 

Figure 1, Evolution o f Conc rete Crash Cushion. 
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Figure 2, Details of Concrete Crash Cushion (Test 505V-C Mod I). 
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Triangle Block Filled With Concrete 

o--

Three Cells of Last Module 
Filled With Concrete 

8.5 

3/4" Plywood 
Redirection Panel 

Triangle Block Filled With Concrete 

l/2" Dia. Carriage Bolts 

l/4" U-Bolt 
Cable Clamp 

Cable Anchorage 

Rigid Guardrail 

2" Dia. X 6" Pipe 
Cable Guides 

3/4" Dia. Cable 

Dia. X l/4" Skid Plate 6" Re-Bar Chair 

FIGURE 3, Details of Concrete Crash Cushion (Tests FLA-1 & FLA-2)(Mod II). 
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FIGURE 4, Details of Concrete Crash Cushion (SOSV-D, -E, and -F) (Mod III) . >-rj 
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EXPE RH1ENTAL PROGRAM 

General 

Three f ull-scal e vehicle crash tes ts of the Mod III Concrete Crash 

Cushion whi ch is shown in Figure 4 were conduc t e d in this final test s eries. 

These tes ts were des ignated 505V- D, -E, and - F r espectively . Th e tests a r e 

summarized in Table 1. Properties of the concre te used in the various 

c ushions tested are given in Table 2 . Accelerometers a nd an Impact-0-Graph 

we re used on each t est to record vehicle dece l erations . All accelerometers 

were Sta tham strain gage t ype and a ll elec tronic data was passed through a n 

80 HZ low-pass filt er . High-speed cameras were also us ed to r ecord t h e 

vehicle posi tion and velo ci t y throughout th e t est. Selected photogr a phs 

of the vehicle before and af ter each t est and sequent ial ph otographs of 

the test in progress a r e included. 

Test 50 5V-D 

A 19 63 Chevro le t weighing 3 790 lbs \vas used in this test. The 

impact angle was 10° from the longitudinal axis of the cushion a nd th e con

tact point was 18 feet in a dvance of th e rigid backup rail . The speed a t 

con tact was 57.2 mph and s peed at loss of contac t was 49 . 6 mph . The average 

longitudinal deceleration was 1.3 g ' s. The distance that the vehi cle was in 

con ta c t with the b a rrier was 20. 4 feet over a period o f approxima tely one-third 

o f a second. Th e vehicle penetrated laterally a maximum d i s t a n ce of ab out two 

feet into the barrier and was smoothly redirected. Dama ge to the vehicle was 

re l a tive l y light as shown in Figure 5 . Figure 6 shows that only five modules 

8 
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TABLE l 

SUl'fHARY OF TJ:STS 

Test 

Factor 
V-D V-E V-F 

VEHICLE 

Year 1963 1962 1957 
~lake Chevrolet Chevrolet Volvo 
\>'eight, lb 3790 3820 2210 

f--· 

ANCLE OF IMPACT, deg 10 20 0 

FIU1 DATA 

Initial Speed, Vl, fps 83.9 87.5 89.7 
mph 57.2 59.7 61.2 

·Final Speed, v2, fps 72.7 43.9 0 
mph 49.6 29.3 0 

,.,Average Deceleration, Gavg' g's 1.3 5.6 10.2 

Stopping Distance or 
20.4 16.1 12.2 

Contact Distance, s, ft 

Time in Contact, sec 0. 286 0.235 0.364 

ACCELEROMETER DATA 

Longitudinal Deceleration 

Peak g's 6.2 14.7 19.0 

Average g's 1.4 4.2 6.4 

Time, sec 0.294 0.268 0.446 

Transverse Deceleration 

Pe:1k g's 9.8 12.7 --

Average g's 2.4 3.3 --

Time, sec 0.302 0. 273 --

9 
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TABLE 2 

PROPERTIES OF VERHICULITE CONCRETE 

Test No. Average Compressive Average Unit 
Strength, psi l<Veigh t, pcf 

505V-A so 32 

SOSV-B 71 32 

sosv-c 57 21 

Fla .-1&2 64 22 

SOSV-D ,E & F 64 22 

10 
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;_i_ ·f! L:rrpact. ~st WI~ ~nsi~ered extremely succ~ssful both from 

l:hc pulnl ,Jf vie\v r:'- 1 !k -;,1fct\· e1t vehicle passengers and from the relatively 

l'cst ')(:5V-l 

This test was a 20c side angle i1;,pr1ct o~ the 1'1od III barrier using a 

lQ62 Chevrolcr wcighin~ 3820 lh~. The point sf contact was 16 ft in ad

vanr:e ,Jf the ri\~id b:1ck1JP wail. The impact .''peed Has 59.7 mph and speed 

uf the vehicle :it loss ul contact 1vith the he1rrier was 29.3 mph. This rep

resented an average dercleratiun cf 5.6 g's in the longitudinal direction. 

'llte v<~hicl.e ·-"~ls in cuPUJct \c.ith the cushion for approximately 16 ft. Photo

graphs of this lest are shown ia ~igurcs 10 through 15. As the vehicle 

m2de contact and -~1 c<~ dDI•'n the :-;ide of t.he cushion, a slight rampinf( tendency 

\-las ,'Jbs.ervcd. Thi~" inU'l'act:ion f inallv culminated in the generation of a 

lligh l'c>ll-initla Tur•·c as r.:He vehicle' rea .. bed the end of the cushion. 

T[w vehj ,-le ro11ed ; " 

dit·e\._:tion o 'Jt:bi·,-~~ ~~l-~i\'C'j_; r:1r;r~.)ed on the rear end of the cushion near the 

L'nci of the b.ickup >.; • ':,; u·.' ·.~l .eel bcyon2 +he cushion installa tLon, skidding on 

its lefL si.c1c; r,-,JLcc: cl:,ck1dse tn an up-cl~~ht position; and continued to roll 

c••Jer unto its top. , , t:.l'THc> to rest appr·oz-Lmateiy 80 ft past the barrier. 

L\Jthnugh tt1e dcceler,Jti.OJE wbicl~ wcne imparted to the vehicle during its inter

.l\ti<·""· h'i.th tlw -'wo:Ji.J>l \Jere·· ,,.:-chin the. ranf',e of human te1erance, the roll 

11 
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of the vehicle resulted. RE'Commendations are made in tLe rllscusslon fn:· 

modification of the barrier to preclude the recl)rrence of this sit.ualiun. 

Test SOW-F 

A 1957 Volvo weighing 2210 lbs was used in this test. T~c veh'cle 

impacted the cushion head-on at a ''peed c>f 61 mpr1. The avcr<H~e lc•ngltw:in:ll 

deceleration was 10.2 g's, with a peak longitudinal deceleration of 10 ~·s. 

The :Lnteraction of the vehicle and cushion was considered acce:;·>tab'.c> and the 

damage resulting to the vehicle and cw>hion is sh·:)\·m in ];'igun>s 16, 17, '1'!C1 

18. 

The deceleration'> \vhich are imp.'lrted tu a 2000 lb \·c-h .. cJe can b1 

expected to be approximately t'.vice the dccelc~Cltions i~lpi:Irted t:> ': 4001! 1b 

vehicle. This is seen by comparing the values given above with the 6.~ aver2ge 

and 10.4 maximuw decelerations observed in Test 505V--C ]_. 

12 
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Figure 5 , Vehicle After Test D. 
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Figure 7, Barrier Before and After Tes t D (Oblique View\ 
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Figure 8 Tt.=-_st D Sequential Photographs 
(View Parolle1 \.Ji th Barrier). 



t. = 0 sec 

.. 
• • 

.. ~ 
> 

t 0.112 sec 

t = 0.306 sec 

t = 0.046 sec 

t 0. 199 sec 

t = 0.429 sec 

Figur e 9, Test D Sequential Photographs (Overhead View). 
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Fis;ure 13, Barrier Before and After Test E 
(View Perpendicular to Barrier). 
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Figure l i;, Test r: Sequential Photographs 
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t == 0.031 sec t = 0.064 sec 

t 0 . 130 sec t = 0 . 199 sec 

t = 0.380 sec t l. 480 sec 

·Figure 20, Test F Sequential Photographs (Overhead View). 
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DISCUSSlO~ 

Of the eight vehicle crash tests that have nm,, been conducted on 

the concrete crash cushion, all but one have yielded results that appear 

vE;ry favorable from the passenger survivability point of vie'"· The 

exception to this \Vas the 20°, '19. 7 mph, sicle angle impact of the :·1od Tll 

cushion (Test 505V-E). In this test the vehicle was subjected to a large 

moment about the roll axis to\Vard the end of the contact zone. Tlds re-

sulted in a hazardous roll after contact \·lith the cushion was lost and 

the vehicle came to rest upside down. This tendency in side angle col-

lisLons has been noted in other crash tests, such as Test 505R-E
1
+ and 

USS Test l ln both of these tests, the vehicle contact-wheel appeared 

to ride up the side panels \Vhich resulted in the vehicle becoming air-

borne as contact with the barrier was lost. The phenomenon observed in 

Test 505V-E however, appears to be significantly different from that 

observed in previous tests. From observation of the high-speed test film, 

it appeared that the following e\'ents describe the phenomenon: 

l. The vehicle contacts the cushion at the point sho\Vn by Figure 15, 

Photo No. l, t=O. This point is approximately 16 ft. in advance 

of the rigid backup wall. 

2. The vehicle begins to displace the barrier laterally and slide 

along the side panels as sho\Vn in photos for t=O.l04, and t=O. 15]. 

There is a slight ramping tendency during this stage,with the 

*The first test of a series of three tests conducted by United States Steel 
Corporation, U.S.S. Contract 6339, Texas A&M Research Foundation Project 
RF 719, March, 1970. No formal publication. 
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contact side of the vehicle rising approximately one ft as 

compared to its elevation at contact. This ramping is less 

severe than noted in the other tests which were referenced, 

SOSR-F and USS Test l. 

J. At t=.213, Figure 15, the vehicle frame appears to be in a 

state of severe torsion as indicated by the sudden elevation 

of the• right front quadrant of the vehicle. 1 t is at this 

point, where contact with the last module of the cushion is made, 

that the severe upward thrust on the right front of the vehicle 

causes the counterclocln,,ise roll motion. The last module of 

the Mod II and III cushions is solid vermiculite as compared to 

the other modules with sonotube openings. The comparative 

rigidity of this module necessitated one of the following events 

to occur: 

a) The contact area of the vehicle must be suddenlv forced 

to the outside to pass the rigid module in a relatively 

violent redirection (barrier force causes a moment about 

the yaw axis of the vehicle). See Test l of the Florida test 

series
2

. Or, 

b) The contact area of the vehicle must be forced upward 

to pass over the rigid module resulting in a rolling 

motion (barrier forces cause a moment about the roll axis 

of the vehicle). In the slightly elevated position that 

the right front of the vehicle had achieved in Test 505V-E, 

the path of least resistance was over the final rigid 

module. 

30 



The question remaining to be anst·ie>red is cvhY this roll phonomenon 

occured in Test 505V-E but not in 505V-D or lest 1 of the Florida series. 

1n V-D, the impact angle \·las onlv 10c· and the vehi<'lc h:.id been .'!lmost: 

completely redirected before reaching the sulid mod11le. Thus no trau-

matic force \vas necessarv trJ get bv the r1;;icl rurtion of t11e cushic'n. 

In Florida Test l, the impact angle was 20° as in V-E, hut the contact 

point t.Jas only six feet in ;1dvance of the rigid modult'. 

respects the final eight feet of the Florida 'lud II cue;hion was 

identical to the final eight ft. of the FH\.JA !1cd lii cushion. ft is 

hypothesized that the ramping Hhich occured in t:ef;t V-E lvf1S initiated 

when the vehicle struck the cushion at a p•.Lint ,,•here the cables 

supporting the redirection panels 1vas lO\,"; whereas in Florida Tes L l 

the cables at the impact point were almost fui_1v elevated. It 1vou ld 

therefore appear that the Mod 11[ cushion has a weak ooint if struck 

at an angle of 20°, close to 1-lhere the side panels start. "lo c3ucn 

weakness was demonstrated by tests on the Nod 11 cushion sinc:e the paneh; 

extend out only ll ft from the rigid backup rail and angle hits in ad-

vance of the panels result in an acceptable "pocketing" interaction (,;ee 

Florida Test 2) 2 . 

It is believed that this 1veakness in the '1od lil cushion can be 

overcome by the follmving design changes: (;l.) Replace the solid r:10dule 

at the rear of the ~1od 111 cushion by a standard hollC11'-' module and 

(l>.) elevate the side cables at the rear of the cucc;hi.on in. item 11 11 a 

results in reducing the forces imparted to the vehicle at this point 
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in the interaction and reduces the vehicle reaction necessary to get by 

the J:inal module. Item "b" results in elevating the vertical position 

of maximum lateral resistance, and thus reduces the slight ramping 

tendency which has been noted. 

32 

r 



F.531 

CONCLUSION 

The light\veigh t concrete crash cushion has nmv shm·m a capabili t y to 

perfonn effectively in decele rating a vehicle for both the head - on and 

side angle crash conditions*. Seven of eight tests shmv deceleration 

levels Hithin the tolerance of restrained humans. Concerning the single 

test of the Mod III cushion which resulted in an undesirable reaction 

of the vehicle during a cushion impact, modifications to prevent future 

r e actions of this type are recommended. Since these proposed mo di fica-

tions have not been tested, full-scale tests should be performed before 

the Mod III barrier is considered for field installations. 

The lightweight cellular concrete crash cushion can be installed by 

semi-skilled laborers using one of two methods. The formwork can be 

placed in the field, and a local vermiculite applica tor can supply the 

n ecessary concrete; or the precast modular construction method can be 

used. The cost per installation compares favorably with that of the 

barrel crash cushion. Using the modu lar construction technique, con

siderable savings should be realized by mass production. Close quali t y 

control should be exercised on the geometry of the module and on the 

venniculite concrete. Control of batch proportions and unit weigh t \vill 

give predictable crushing strengths. Replacement of segments of the 

crash c ushion after a collision is feasible. For a cast-in- place cushion, 

the crushed material can be removed, tha t portion of the barrier reformed, 

and fresh vermiculite placed in th e necessary areas. Fast setting cemen t 

will alleviate the problem of curing t ime. For the precast cushion, the 

*Design method presented in Appen dix B. 
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three-tube modules weigh approximately 250 lbs and could, therefore, b•2 

handled by two men. The modules which have been crushed during a collision 

can be unbolted, removed, and ne1v modules slipped into place. This re

furbishment could be accomplished during a low density traffic period. 

The lightweight, low-strength concrete used in these crash cushions 

exhibits relatively poor durability when subjected to cycles of freezing 

and thawing if it is allowed to become saturated "'ith water. Several 

waterproofing agents were tested with limited success as reported in 

Appendix C. The most certain method of achieving protection has been 

used by the State of Wisconsin. On two vermiculite cushion installations 

in Nilwaukee, ruberized tarpaulin covers were used to protect the cushions 

against absorbing water and against the accumulation of ice and snow in 

the sonotube voids. There has been no durability problem in 1,Jisconsin 

on the cushions covered in this way. 
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TABLE ,\} 

TEST 505 V-D 

J 

High-Speed Film Data 

• Time Displacement Time Displacement 
_ (_:n_s-~<:.L -~-(ft) ____ (msec) ~ ___ (i_t:_2 __ 

-62 -5.21 (continued) 

-52 -4.3 197 14.3 u; 

• -41 -3.4 
(C_ 
~ 206 14.9 

• -2.6 
0' 

-31 216 15.5 n 
OC; 

-21 -l. 7 225 16.1 

-10 -0.9 .--' 234 16.7 ;.... 

0 Impact 0 ___j 244 17.4 

111 
9 0.8 253 18.1 

~~ 19 1.5 263 18.8 

28 2.3 272 19.4 

38 3.0 281 20.1 

J 
47 3. 7 290 20.81 
56 4.4 300 21.5 

u; 
66 5.1 310 22.2 p. 

~ 

75 5.8 319 22.8 ~ 

• N 

84 6.4 329 23.5 ~ 

• 94 7.1 338 24.2 
N 

> 

r 
103 7.8 347 24.9 _j 
113 8.4 356 25.6 

122 9. l 366 26.3 • 131 9. 7 375 27.0 

~ 141 10.4 385 27.6 

t 
150 ll. 0 394 28.3 

159 ll. 7 403 29.0 

169 12.3 413 29.6 

I? 178 13.0 422 30.2 

h 188 13.6 431 30.9 
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Time 
(msec) 

-40 

-30 

-20 

-10 

0 Impact 

10 

20 

30 

40 

so 
60 

70 

80 

90 

100 

110 

120 

130 

140 

149 

159 

TABLE A2 

TEST 505 V-E 

High-Speed Film Data 

Displacement Time Displacement 
(ft) (msec) (ft) 

------, CfJ 

(continued) -3.5 P-< 
'-'-' 

-2.6 tn 169 12.7 
r---

-1.8 w 179 13.2 

-0.9 189 13.8 
rl 

0 > 199 14.3 __J 

0.8 209 14.8 

1.7 219 15.3 

2.6 229 15.8 

3.5 239 16.]·--1 
4.2 249 16.7 

5.0 259 17.2 

5.8 269 17.6 CfJ 
P-< 

'"'-' 
6.6 279 18.1 

C', 

7.3 289 18.5 (Y") ,, 
8.1 299 18.9 

N 

8.8 309 19.4 > 

9.5 319 19.8 _j 
10.2 339 20.6 

10.8 359 21.5 

11.5 379 22.3 

12.1 399 23.1 
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Time 
Jrn_s_cc) 

-39 

-30 

-20 

-10 

,) b;pac t 

l() 

20 

30 

39 

4lJ 

59 

69 

79 

89 

92 

108 

118 

128 

TABLE 113 

TEST 505 \'-F 

High-Speed Film Data 

Displacement 
____ (_f_t_l__~- -

-0.9 

() -~-/ 
0.9 

1.8 

2.6 

3.4 

"'-.1 

5.4 

6. J 

6. 7 

7 ') 

7. 7 

8.2 

39 

Time 
(msec)_ 

Displacement 
(ft) 

(continued) 

1'38 9.0 

148 '?.4 

167 10.0 

187 l (). 5 

207 1C.9 

227 11.2 

746 ll. 5 

266 11.8 

286 11.9 

3(15 12.1 

325 12.2 

345 1 2. 2 

364 12.2 

561 11.6 

808 10.8 

1302 10.1 
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MODEL ANALYSIS 

The following model analysis describes the relationship between 

the static crushing energy of the full scale vermiculite concrete 

crash cushion and the static crushing energy of small scale modules. 

In the judgment of the writers, the following geometric and material 

properties are the most important to the relationship between prototype 

and model. Other factors, which obviously are of some influence to 

static crushing energy are assumed to be of secondary importance. 

Geometric Properties Material Properties 

1) a-(Refer to Figure Bl) 8) f' c -static crushing strength of the 
vermiculite concrete 

2) b-(Refer to Figure !31) 

3) h-(Refer to Figure Bl) 
S true t\lri~Prop_~_t:y 

4) B-(Refer to Figure Bl) 
9) E-static crushing energy of a 

5) D-(Refer to Figure Bl) particular module 

6) t-(Refer to Figure Bl) 

7) A-Cross sectional area 
of reinforcement in 
a module cross section 

In the following development the subscripts p and m refer to 

prototype and model respectively. 
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h 

J 
NO SCALE 

FIGURE 81, MODULE DIMENSIONS 
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The interrelationship of static crushing strength and the geometric 

and material properties can be written as fo llmcs: 

E (A function of) (f~, a, b, h, t, B, D, A). (1) 

Since there are t1vo dimensions involved (force and length) the 

number of Pi terms necessary to describe this relationship in dimension-

less terms is two less than the total number of variables in Eq. 1. 

i.e. 9 - 2 7 Pi terms 

These terms can be chosen and the functional relationship written as: 

( A functio;} of) (~, ~' _!:!_, J:_, ~' & A 1/ lD D D D D D2J. 
(2) 

For the model and the prototype this equation can be expressed as: 

E 

l~' bm hm t Bm '\nl m ~' ---- F 
__ , _, _, 

f' D3 D D D D & 17J 
cm m m Ill m m m 

(3) 

ED aJJ, b h _l=x, B 

A : ----- F 
_ _p_, __2_, _p, 

& --% . 
£' D3 Dp Dp Dp Dp Dp DP cp p 

( 4) 

Then if the ratio of Dp to Dm is defined as the modeling factor, 

the follm1ing conditions must be maintained in order for the prediction 

equation to be valid: 

ap n ~ Bp n Bm 

bp n bm i\p n2 ~ 

hp n hm 

tp n tm 
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These equations are found by equating the corres~oncling Pi terms 

of Eqs. 3 and 4 and substituting n for the ratio Dp/Dm. 

If these conditions arc held, then the predicti0n equation is: 

Since r' can be made equal to f' 
em cp 

this equation reduces to: 

(5) 

Thus if t11e static energy of a model module is dt?tr'rmincd by testing, 

the energy of a prototype would be predicted by fq. 5. 
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EXPERIHENTAL PROGRA11 

The design concrete mixtures and actual batch data are given in 

Tables Bl and B2. The schedule of model modules, including the parameters 

studied, are given in Table B3. 

Cardboard molds for standard 6 x 12 in. concrete cylinders were 

used to simulate the "sonotubes" in the model modules. The forms for 

the modules (illustrated in Figure B2) were made of pl~;ood. Half-inch 

hard1vare cloth with alternate wires removed to obtain the correct amount 

of cross-sectional area was used for reinforcement (Figure B3). The 

assembled form is shown in Figure B4, and a model module in Figure BS. 

The model modules were tested in a hydraulic universal testing 

machine as shmvn in Figure B6. A scale on either end of the loading 

head was used to determine crushing distance. Figures B7 through Bl4 

and Bl5 through Bl8 are sequential photographs of the tlvO module tests. 

Several limitations of the experimental design should be noted. 

First, no attempt was made to scale the strength of the cardboard sono-

tubes; and second, the loading technique used in the model study did not 

closely simulate the loading of a vehicle on a prototype. 
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Batches c_eme_n t 1'vp_~ :v!ix Properties Exnected fc~ 
----- ~-------

HE 1 High Ear1v Cmt. 2.9 sk 50 psi 
(505V-A) Agg. 5 sk 

Hater 73 gal 
Admix 1 pt/sk az,g. 
u. Ht. 37 ncf 

HE 2 High Ear1v Cmt. 5 sk 175 nsi 
Agg. 7-1/2 sk 

1:6 lvater 100 ['al. 
Admix 1 nt/sk agg. 
u. l"t. 50 ncf 

HE 3 High Ear1v Cmt. 7-1/2 sk 425 nsi 
Agg. 7-1/2 sk 

1:4 10a ter 98 gal. 
/\dmix 1 nt/sk af!g. 
u. 1n. 60 pcf 

RS l Fer,ulated Set CfTlt. 3.25 sk 60 psi 
(505V- C:) Agg. 5.76 sk 

Water 77.5 zal. 
Air 1 nt/sk agg. 
u. Wt. 41 pcf 
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BATCH CfMEH 
NO. DATE lbs. 

RSl 4/30/70 79 1/2 

V1 
!IEl 5/05/70 54.4 

N 

HE2 5/11/70 94 

HE3 5/12/70 141 

1 1 sk = 4 cu. ft. 

2 
Measured with pressure meter. 

liGGilEGATEl \~ATER Amnx 
cu. ft. lbs. pints 

6 168 1 1/2 

4 121.4 1 

6 166.7 1 1/2 

6 163.3 1 1/2 

TABLE B2, BA':f'(:" ')ATA 

UNIT \·JEIGHT 
lbs. 

40.5 

42 

43 

49 
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VERMICULITE MODEL MODULES 

Concrete Design Actual 
h

1 
inch B

1 
inch c1 

inch 1 . h b
1 

inch Module Batch f'~ f'c psi a lnC 

Ml RSl so 77 9.82 19.7 6.S3 0. 272 0.136 

H2 HE2 17S 104 9.82 19.7 6.S3 0. 272 0.136 

l.n H3 HE3 42S 220 9.82 19.7 6.S3 0. 272 0.136 
w 

H4 RSl so 77 9.82 18.8S 6.S3 0.136 0.136 

MS RSl so 77 9.82 20.50 6.S3 0.545 0.136 

H6 RSl 50 77 9.82 6.74 6.53 0.272 0.136 

M7 RS1 50 77 9.82 13.20 6.S3 0. 272 0.136 

M8 RS1 50 77 9.82 19.7 6.74 0. 272 0.272 

M9 RSl 50 77 9.82 19.7 7.30 0. 272 O.S45 

1see Figure 1 

TABLE R3 MODEL MODULE SPECIFICATIONS 
l.n 
l.n 
f-' 
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Figure H2 

~f 

~-

Figure B3 
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Figure 114 

Figure BS 
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Figure B8 

Figure B9 

57 





1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

:) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



• 



Fi)~urc i' 

61 



• 



I". 56] 

H ES TTL l'S 

STRENGTH-TI~1E RELATIONSHIPS 

The strength-tim2 ~:elationsh.1p.:3 for t11e four concrete mi··:t·ures 

are illustrated in Figure Blq. 

little gain in strength after the i1'i ti<1l 2J cid\'S. 

HODEL MODULES 

Curves illustrating the relationship lwtv:een crusi1in~: force and 

distance are shm.;n in Figures B20 thn•ugh B2J. An c·ffc,ctive crushing 

distance of 4.0 in. (crushing ratio = .61) ,.;as chosen for these model 

modules. This number represents il cun:promi.c;e lwt1vccn the point where 

the energy absorbing capacity of the :1odel "'cth•1e ''':ls consumed and the 

actual cr11Sl1ing t-ati.o ob . .::::ccved for 11rL-.t._)tYr'e cu:-:h-i_z~l1S. 

Figures B24 through B2i r;ho\•i th"' r·eLetive influence of ,·ariations 

in compressive strength and Ji.'!H'n,'-;ions c:n :-ilt• nc"n(_limen.sion<ll energy 

par3meter E/ (f' D '3). The resu1 ts are nos t en.cn1lraging in that a c 

rather linear relationship bet1,•een the enencv :•araweter and the other 

influential parameters under study L; irdlu;tccL This lendE' aJclltiona} 

confidence to the use of model ar1:llvsis to predict rn,,tctvpe behavior 

in this particular application. 
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PREDICTIONS WITH MODEL ANALYSIS 

The test results from this model study can be used to predict 

the energy absorbed in the vehicle crash tests if the relationship 

between the energy absorbed in the dynamic and static conditions can 

be determined. To do this a comparison will be made between the energy 

predicted from the model study for the cushions tested in sosv-c and 

505V-F and the actual kinetic energy absorbed during these tests. 

In Figures B28 through B31, the model test data in kip-in. is plot-

ted as a function of the parameters f~ , B/D, a/D, and b/D. If all model 

test values are multiplied by the cube of the scale factor and divided 

by 12, the result will be predicted prototype energy values in kip-ft. 

These new predicted values are also plotted on these Figures. 

It is assumed that in test V-C, the energy absorption capacity 

of the cushion was exactly used up and that the capacity of this cushion 

is equal to the kinetic energy of the vehicle immediately before impact 

(namely 619 kip-ft). The crushing ratio of the modules in this cushion 

was experimentally determined by dividing the distance the vehicle 

penetrated the cushion by the original length of the cushion; 

21.4 ft./24 ft. = .89. This value is assumed to be the crushing ratio 

for prototype modules. The predicted energy, on the basis of static 

model tests, is determined and adjusted for differences in compressive 

strengths using Figures B28 through B31. For an M7 type module, the 
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SOSV-C 
MODULE 

A 

B 

c 

D 

Model Module 

TABLE B4 

PREDICTED ENERGY ABSORPTION CAPACITY 
FOR SOSV-C VERMICULITE CUSHION 

CORRESPONDING PREDICTED 
MODEL MODULE ENERGY 

kip-ft. 

2/3 of M7 15.1 

15.1 

15.1 

M7 22.6 

22.6 

22.6 

M4 38.5 

38.5 

38.5 

M1 40.1 

40.1 

40.1 

2/3 of '17 M7 '14 Ml 
Prototype Module A B c D 

Compressive strength of prototype 57 psi 
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CUMULATIVE 
PREDICTED 
ENERGY 

15.1 

30.2 

45.3 

67.9 

90.5 

113.1 

151.6 

190.1 

228.6 

268.7 

308.8 

348.9 



5U5V -F 
NODULE 

A 

B 

c 

Model 

TABLE B5 

PREDICTED ENERGY ABSORPTION CAPACllY 
FOR 5U5V -F VERNICULITE CUSHION 

CORRESPONDING PREDICTED 
HODEL 1-10DULE ENERGY 

kip-ft. 

H:' 23.7 

23.7 

23./ 

23.7 

23.1 

N4 40.4 

40.4 

40.4 

4G.4 

40.4 

Ml 42.0 

Module M7 M4 Ml 
Protutype Module A B c 

~~ 

CUHULATIVE 
PREDICTED 
ENERGY 

23.7 

47.4 

71.1 

94.8 

118.5 

158.9 

199.3 

239.7 

280.1 

320.5 

362.5 

Compressive strength of prototype = 64 psi 
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energy is 27 kip-ft. from Figure B29. This value is based on the com-

pressive strength of the model modules of 77 psi. To adjust for the 

prototype compressive strength of 57 psi, Figure B28 is used and the 

adjustment is: (41/49) (27) = 22.6 kip-ft. Energy values predicted 

in this manner for the 505V-C cushion are tabulated in Table B4 and for 

the 505V-F cushion in Table B5. 

In test 505 F, the total capacity of the cushion was not consumed. 

The total penetration into the cushion was 12.2 ft. and some modules 

were only partially crushed. However, in order to simplify the pro-

cedure for predicting the behavior of this cushion, it is assumed that 

each module was completely crushed (crushing ratio = 0.89) in successive 

steps beginning at the front of the cushion and proceeding toward the 

rigid wall until a total crushing distance of 12.2 ft. is reached. This 

will result in an assumed complete crushing of 12.2/.89 = 13.7 ft. or 

6.9 (say 7) modules. The cushion used in this test consisted of 5 

modules of M7 type; 5 modules of M4 type and 3 modules of Ml type with 

the last module filled with vermiculite. The predicted energy absorption 

of this cushion would then consist of that of five type M7 modules plus 

two M4 type modules or 199.3 kip-ft. 

Test 

sosv-c 

505V-F 

TABLE B6 

COMPARISON OF VEHICLE KINETIC ENERGY 
AND PREDICTED STATIC ENERGY ABSORPTION 

Kinetic Energy 
of the vehicle 
at contact 
KE=l/2 MV2 kip-ft. 

619 

277 

Predicted 
Energy 
Absorption 
Ep kip-ft. 

348.9 

199.3 

Ratio 
KE/Ep 

1.77 

1.39 

Average 1.58 
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DESIGN OF LIGHThJEIGHT CELLULAR CRAS~i CUSHION 
USING MODEL PREDICTION RELATIONSHIPS 

The problem is to design a lightweight c2llular concrete crash 

cushion which will provide an acceptable deceleration level for a 

4500-lb. vehicle travc ling b5 u1ph. 

F.579 

The vehicle kinetic energy is calculated 0y the following equation: 

Where 

KE 1 w y2 z g 

W is the design vehicle weight, 450u lbs. 
g is the acceleration of gravity, 32.2 ft/sec2 
V is the ·1esign vehicle velocity, 65 mph.= 95.2 fps. 

Thus KE 635 kip-ft 

The required stopping distance is determined by the desired average 

deceleration level (chosen Gavg = 7) and is calculated as follows: 

L = 

L 

') 
v~ 

2gGavg 

(95.2) 2 

2(32.2)(7) 
20.2 ft. 

Tne problem is then to select a coml•ination of modules that will absorb 

635 kip-ft of energy when crushed for a distance of 20ft. or more. 

For H4 type modules with a compressive strength of 60 psi, the energy 

absorption capacity is 39.5 kip-ft. per module. This energy absorption 

capacity is increased by the average dynamic to static ratio from Table 

B6 of 1.58; 39.5(1.58) = 62.5 kip-ft. If these modules are used 
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throughout the cushion, the number of modules required to absorb the 

energy is: 

635 = 10.2, say 11 modules 
62.5 

A cushion constructed of ll modules will be nominally 22 ft. long. 

For a crushing ratio of 0.89, the crush distance of this tentative 

cushion will be only 19.6 ft., which is less than the required distance. 

The crushing distance for a given energy absorption capacity can be 

increased by substitution of modules with a lower energy absorption 

capacity. This can be accomplished by partial substitution of M7 

type modules with an energy absorption capacity of 27 kip-ft/module 

when 77 psi concrete is used. The adjustment in energy absorption 

capacity for a M7 module with 60 psi concrete is obtained from Figure 

B28 and is 27 kip-ft 42/49 = 22.6 kip-ft. Application of the dynamic 

to static ratio will yield 22.6(1.58) = 35.7 kip-ft. If five of the 

M4 type modules are removed from the tentative cushion and replaced 

with M7 type, the number of M7 modules required is as follows: 

Energy required 
Six M4 modules 

Difference 

635 kip-ft. 
375 kip-ft. 

260 kip-ft. 

No. of M7 modules 260/35.7 = 7.3 ~odules, say 8 modules 

The revised cushion design now consists of six M4 and eight M7 type 

modules which will result in a cushion 28 ft. long. The crushing distance 

for this cushion is 0.89(28) 24.9 ft. 

A second revision will now be made in an attempt to improve the 

cushion configuration. Three of the M4 modules are replaced with three 
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Nl modules. The energy absorption capacity of an Nl module, calculated 

as before, is 66.3 kip-ft. The design now cnnsists of-

3 Nl modules @ 66.3 kip-ft. 

3 N4 modules@ 62.5 kip ft. 

198.9 kip-ft. 

1 .87 .5 kip-ft. 

7 N'7 modules @ 35.7 kip-ft. ~ 250.0 kip-ft. 

Total 636.4 kip-ft. 

The crushing distance for this cushion is 0.89(26) 
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APPENDIX C 

DURABILITY TESTS 

OF 

VERMICULITE CONCRETE 
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One of the questions concerning practical application of vermi

culite crash cushions is whether this material can withstand exposure 

to natural environment, particularily in colder regions. The results 

of a study conducted to obtain some indication of the freezing and 

thawing durability of vermiculite concretes are reported on the 

following pages. 
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EXPERIMENTAL PROGRAM 

The properties of the concrete batches tested are listed in 

Table Cl. Three inch by three inch by sixteen inch specimens were 

cast and sawed in half to result in three inch by three inch by 

eight inch specimens for testing. Table C2 gives the type of treat

ment and type of freezing and thawing cycles to which the specimens 

were subjected. All specimens were moist cured for three days and 

then cured at 50% relative humidity for at least 25 days before 

testing. 

Household, chest-type freezers were used for the freezing 

tests. The specimens were out of the freezer about 18 hours and 

in the freezer about 6 hours during each cycle. The specimens were 

weighed after each cycle and deterioration was evaluated visually. 

Deterioration of the specimens was recorded with photographs. 
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Cement C em en t 
:'-lo. Type sks/cL_ 

RSl Regulated 3.14 
Set 

CfJ 
HEl High Early 3. 27 ---J 

Strength 

HE2 High Early 4.03 
Strength 

HE3 High Early 5.82 
Strength 

TABLE Cl 

BATCH DATA 

Aggregate Hater 
cft/cy •al/cv 

22.3 75.6 

22.6 83.0 

24.2 81.5 

23.2 76.6 

\.Jet Unit Air 
wt. lbs. % 

40.5 35 

42.0 so 

43.0 so 

49.0 51 

Compressive 
Strength_, psi 

77 

64 

104 

220 

'Tj 

Vl 
CfJ 

Vl 



CD 
CD 

TABLE C2 

SUM;-1ARY OF FREEZING AND THAHING RESULTS 

FREEZING & THMJING CYCLES TO FAILURE 
SPECIMEN TYPE OF TREATHENT 

Type Average No. 

RSl BATCH 

16' 16A, 17 None F & T in '"ater 6 
17A, 18, 18A None F in air & T in water 11 
19' 19A, 20 Two coats of Daracon brushed on F & T in v7ater 6 
20A, 21, 21A Sprayed one coat of resin •k-;'' F & T in Hater 8 
22, 22A Soaked in linseed oil 24 hours F & T in ,,;rater 44 
23 Soaked in linseed oil 24 hours F & T in water 4 
23A Flexible epoxy coating #2 F & T in '"ater 19 
24, 24A, 25 Flexible epoxy coating #1 F & T in water 13 

HEl BATCH 

19' 19A, 20 Soaked in Daracon 10 min. F & T in ''ater 24 
20A, 21, 21A Sprayed two coats of resin 

;'( 'i~ 
F & T in '"ater 17 

HE2 BATCH 

19' 19A, 20 Soaked in Daracon 10 min. F & T in Hater 23 
20A, 21, 21A Sprayed two coats of resin 

.,~.; .. l; 
F & T in ~Vater 32 

HE3 BATCH 

19, 19A, 20 Soaked in Daracon 10 min. F & T in '"ater 35 
20A, 21, 21A Sprayed two coats of resin 

•k-;'c: 
F & T in water 36 

------------ ---- ------- ----------- --· ----··--· 

'''Failure was considered to occur in one of tvo v.·ays: (1) attrition of the surface to a 
significant depth (nominally 1/4 inch) and (2) structural cracking of the specimen resulting 
in separation of the specimen into parts or separation of the protective coating along with 
a layer of vermiculite from the remainder of the specimen. Failure in all cases \Vas arbi
trarily defined by visual inspection. 

**A polyester resin normally used in fiberglas reinforced plastic. 

.,,~ 
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RESULTS 

Figures Cl through C29 are photographs of the specimens illustrating 

their condition at the listed number of cycles. The uncoated specimens 

suffered progressive attrition of the surface without "structural" 

cracking. The most effective treatment investigated was obtained by 

soaking the specimens in linseed oil for 24 hours. The two flexible 

epoxy coating treatments were applied by Perlite Industries Inc. of 

Midland, Texas. 

Specimen RS 23, one of the group so~ked in linseed oil for 24 hours 

prior to freezing and thawing, failed after only four cycles. A single 

crack formed in the longitudinal direction of the specimen and it 

separated into two pieces as illustrated in Figure C7. The reason for 

early failure of this specimen is questioned. The failure was not 

a classical freeze-thaw type failure and no deterioration other 

than the single crack was experienced. 
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Figure Cl 

Figure C2 

I 
IRS-I~ .I bA ,17 

Conditions of specimens RS-16, 16A, 17 after six cycles of 
freezing and thmving. 

IRS-/7A.IK.I fA 

Conditions of speclmens RS-17A, 18, 18A after 11 cycles of 
freezing and thaHing. 
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Figure C3 

Figure C4 

Conditions of specimens RS-19, 19A, 20 af ter six cycles 
of freezing and tha,.;ing. 

RS· JJR . .J I. J I A 

Conditions of specimens RS-20A, 21, 21A afte r e ight cycles 
of freezing and thawing. 
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C5 

Fi.gure C6 

Condition f 
and thm-,'ing. 

CondJ Uon of 
and th2nv 

. ')l)l) 

-1 
cimcn KS-22 after ~4 o.f 

:~S-22A alter 46, reczing 
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Figure C7 Conditions of specimens RS-22 , 22A after 27 cycles, and 
RS-23 after 4 cycles of freezi.ng and thawing. 

Figure C8 Condition of specimen RS-23A after 19 cycles of freezing 
and thawing. 
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Figure. C9 

Figure ClO 

_,-

6 '' ', 

~~-

RS 
Condition of specimen RS-24 after 14 cycles of freezing 
and thaHing. 

•. ~· ~ 
,: h~ ....... 'li ·~ 

' ' 

Condition of specimen RS-24A after 16 cycles of f r eezing 
and th mving. 
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Figure Cll 

Rs 
Condition of specimen RS-25 after 8 cycles of freezing 
and thawing . 

95 

F. 593 



Figure Cl2 

Figure Cl3 

Condition of specimen HEl-19 after 24 cycles of freezing 
and thawing. 

HE 19A 

Condition of specimen HE1-19A after 24 cycles of freez ing 
and thawing. 
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Figure C26 

Figure C27 
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.. 

H£3-10 
Condition of specimen HE3-20 after 32 cycles of freez ing 

and thawing. 

H£3-1/JA 
Condition of specimen HE3-20A after 36 cycles of freezing 

and thawing. 
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The accur-::tte prediction of the durabilitv of a matc•rial in a 

freezing and tha\ving envir,;nment on the basis of laboratorv tests 

:'. 603 

has historicallv been a verv difficult or almost ~~~ossible task. 

Hmvever some indications of the e;,pected behavior can be obtained from 

sucb tests. 

The presence of W.:lter during both the fn'ezing and the th.:lh'ing 

portion of the cycle in these tests represents an exposure condition 

that is much more severe than one where some drying iec> aihMed. In 

actual field installations of c'rash cushions, free drainage occurs 

and extended periods of exposure to water do not occur. This is 

beneficial in that the concrete \viJl experience drving periods and the 

continuous, cumulative saturation of the concrete wilJ he disrupted. 

The tests indicate that vermiculite concrete can vithstand a 

significant number of cycles of frl"ezing ilnd tha\>Jing even h'hen con

tinousuly exposed to water. All of the protective coating~ used vere 

successful, to varying degrees, in inhibiting absorption of v!ater 

by the concrete and thereby improved thE durability. An additional 

consideration is that deterioration duE to freezing and thawin~ man

ifests itself by attrition of the surface which can be monitored by 

visual inspection. 
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SUl1MARY OF RESULTS 

High speed films were examined to determine the reduction in vel-

ocity produced by a collision incident, and to estimate the average 

total impact force (Average GT 
1
), and its components parallel (Aver

eta 

age G
1 

) and perpendicular (Average G
1 

) to the barrier. A dis-
eng at 

cussion of the method of photographic analysis is contained in Appendix 

A, and the results are tabulated in Table 1. It is recognized that 

during a collision peak values of unit impact force occur as shown in 

the accelerometer traces in Appendix B. It is further recognized that 

such peak values may be two to three or more times the magnitude of 

the average values presented in this report, and that these peak values 

may be very significant in the design of barrier systems and connections. 

The relationship between average loads and peak loads is not resolved 

in this study. Average values of impact force have been computed and 

presented in this report and shed some light on the significance of the 

relationship of the forces parallel and perpendicular to a barrier as 

shown in Table 1. 

Two crash tests (Tl-A and Tl-B) on a Texas Highway Department Tl 

Rail show that the system is strong enough to restrain the test vehicles. 

Vehicle damage was moderate in the lower speed test but severe in the 

higher speed test. Snagging, which occurred in Tests Tl-A and Tl-B, 

accounts for high components of impact force parallel to the railing 

system and large reduction in velocity. Comparison of the results of 

these two tests with the test on a modified barrier (Tl-D) show that the 

1 
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l.O II 4.7 

(g's) 

I 
n-~ 

Tl-·D II 
65.2 40.2 39.2 2. 5 13 .l I 

I 

41.3 39.1 I 3.5 13.0 
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61.1 58.3 I 5.2 15.0 
__ _ _ _ _ _ __ _ _ LL Tl-C jj_ 

I Tl-D II 90.1 80.4 79.711 3.3 14.5 II 

NOTES: 

·k 

vl 
,~'{'v 

2 

is the speed of the vehicle at impact. 

is the speed of the vehicle when it becomes 
parallel to the rail. 

v3 is the speed of the vehicle at loss of 
contact with the rail. 

FLAT = Vehicle weight x GLAT 

FLONG = Vehicle weight x GLONG 

FTOTAL = Vehicle weight x GTOTAL 

- F' /F 
).1 - LONG LAT 

TaJ,le ]. Test Data Summary and Analysis 
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COMPUTED AVERAGE IMPACT FORCE 

FLAT FLONG FTOTAL )1 

(lbs.) (lbs.) (lbs.) 

Tl-A 8,740 4,090 9,670 0.47 

Tl-B 21,170 18,420 28,220 0.87 

Tl-C 14,310 8,070 I 16,520 0.56 

Tl-D 24,620 720 24,620 0.03 
I 

GTOTAL ---, - ig~ __ , 
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average longitudinal impact force is greatly reduced by eliminating 

snagging, but the added \,J-Section makes a stronger sys tern and produces 

a higher component of force perpendicular to the barrier. i\n examina

tion of Table 1 shoHs that the average total deceleration under similar 

conditions of impact (Tl-B and Tl-D) are nearly identical. HoHever, 

the component of force parallel to the barrier is much less and the 

damage rating is considerably less in a collision Hith the modified 

rail sy:o.tem. 

Damage Ratings 

The National Safety Council published a "Vehicle Damage Scale for 

Traffic i\ccident Investigators" in 1968. This damage rating scale, 

developed in the NSC Traffic Accident Data Project, consists of photo

graphs of automobiles damaged in accidents. Fourteen observers com

pared the photographs of vehicles damaged in Tests A, B, C and D with 

the NSC pictures. The results of the comparisons are listed in Table 2. 

The letters LFQ and FL in the table refer to the location of the 

damage as defined in the NSC rating scale. Some observers compared the 

test vehicle with LFQ (Left Front Quarter) photographs, and others with 

FL (Front Left) photographs. 

Details of individual tests are presented in the following pages, 

and an evaluation of the several tests is included at the end of the 

report. 

3 
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TEST NUMBER 

OBSERVER Tl-A Tl-B Tl-C Tl-D 

1 LFQ-5 LFQ-7 LFQ-4 LFQ-5 

2 LFQ-5 FL-7 LFQ-5 LFQ-6 

3 FL-5 LFQ-7 LFQ-5 LFQ-5 

4 FL-2 LFQ-7 LFQ-4 LFQ-6 

5 FL-6 LFQ-7 LFQ-4 LFQ-6 

6 LFQ-5 FL-7 LFQ-5 LFQ-4 

7 FL-4 FL-7 FL-2 FL-4 

8 LFQ-6 FL-3 FL-2 FL-2 

9 FL-7 :FL-5 FL-3 FL-3 

10 LFQ-5 FL-7 FL-4 FD-4 

11 LFQ-6 FD-6 LFQ-4 FL-6 

12 FL-4 FD-6 FL-4 FD-4 

13 LFQ-4 FD-6 LFQ-4 FL-4 

14 FL-4 LFQ-7 FL-4 FD-4 

AVERAGE 4.9 6.4 3.9 4.5 

(14 Obser-
vat ions) 

Table 2. Vehicle Damage Ratings 

4 
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DETAILS OF INDIVIDUAL TESTS 

Test Tl-A Results 

The 1860 lb. vehicle, traveling 44.5 mph, impacted the bridge 

rail section at an angle of 25°. Figure 3, the Position-Time Diagram, 

illustrates this test. The bridge rail contained and redirected the 

vehicle. 

The average total impact force caused by the collision of this 

lightweight vehicle traveling at moderate speed is estimated to be 

9672 lbs. (1860 lbs. x 5.2 g's). The Tl barrier '"as designed in 

accordance with the AASHO Standard Specifications for Bridges (1964 

Interim Specifications) which produces a rail strong enough to restrain 

an impact force greater than that applied in this crash test. (1) The 

12 gage W-section was deformed at its lower edge during the collision 

to the extent that the crash vehicle snagged post number 19 (T = 150 

msec, approximately) before being redirected by coming into contact 

with the 11.5 lb. channel. These events in the collision incident 

caused the vehicle to be slowed from 65.2 fps (44.5 mph) to 39.2 fps 

(26.7 mph). The average lateral component of impact force is estimated 

to be 8,740 pounds, and the average longitudinal component of impact 

force is estimated to be 4,090 pounds. The photographs clearly indi-

cate that the impact attenuation was provided by the vehicle, since the 

barrier was not displaced during the collision incident. 

A damage rating of 4.9 indicates moderate damage to the vehicle. 

1
"Interim Specifications for Bridge Railings," American Association of 
of State Highway Officials, 1964. 
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TABLE 3 

UNJ'licRY OF HIGH-SPEED FIL>l CRt'\SH TEST DATA 

t Tl-A 

Veh le l\e t = 1860 lb (1058 

Imnact Angle 25 

Velocity at Impact 44.) or 6 .2 

in Velocity 
During Rail Contact • 17.8 mph or 26.0 fps 

Deflection of Harrier: le 

to Bar er: Sl 

Damage to Vehicle JVloderate Rat 

robobi 1 i of 1 
Unrestrained OcCU]Hnt "()'/ (2) J . • o 

I 
q. 

Service .Requirements 
R. • n 1 son, I· • P. 

Br terns," NCHRP 
t, and W.f. McFarland, H 

q P· l . 
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Figure 4 (continued) 

11 

F.615 

T 480 msec 

T 1680 msec 



[ i ' t: 

Fl n:' Test Tl 

I'} 



j 
F.6J7 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 'I 
_,-_,-·= 

j 

j 

l 
k 

!1 

j 

j 

j 

j 

j 

F 7, 
t 

ore l t: T1~:\. 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

8, 
t 

,\fter 
t Tl·-A, 

l' .J j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 
j 



? . 6113 

Test Tl-B Results 

The 3920 lb. vehicle contncted the gunrdrail at a 25° angle while 

traveling 56.4 mph. The Position-Time Diagrnm, Figure 9, depi2ts the 

vehicle-barrier interaction. Figure 10 shows sequential photographs 

of the collision. 

The average total impact force estimated to be 28,224 lbs. (3920 

lbs. x 7.2 g's) indicates that the Tl barrier, designed in accordance 

with AASHO Standard Specifications for Highway Bridges (1964 Interim 

Specifications) is strong enough to restrain an impact force greater 

than that applied in this test. (l) Under the force of impact the 12 

gage W-section was deformed into the plastic range and fractured 

(Figure 14) permitting the crash vehicle to snag post number 17, pro

ducing an average longitudinal component of impact force of 18,420 

pounds, and an average lateral component of impact force of 21,170 

pounds. The average total impact force accounts for the extensive 

damage to the vehicle (see Figure 12), which provided major portion of 

the impact attenuation in this collision incident since the barrier 

displacement was negligible (see Figure 10). 

A damage rating of 6.4 is indicative of the severe vehicle damage 

produced by the collision with this strong system. 

14 
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TABLE 4 

SL'l'1HARY OF HIGH--SPEED FILM CRASH TEST DATA 

Test Tl-B 

Vehicle Weight = 3920 lb (1961 Ford, 4-door) 

Impact Angle = 25° 

Velocity at Impact 56.4 mph or 82.7 fps 

Change in Velocity 29.7 mph or 43.6 fps 

Deflection of Barrier: Negligible 

Dwnage to Barrier: Moderate 

Damage to Vehicle: Severe (Damage Rating: 6.4) 

Probability of Injury 
T U · d o s· sO' ( 2) . o nrestralne c:cupants: h 

J6 
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T = -102 rnsec 

1' 0 rnsec T 51 msec 

T 153 msec T 255 msec 

figure 10, Sequential Photographs of Test Tl-B. 
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T 357 msec T 510 msec 

T 612 msec 

T = 816 msec 

Figure 10 (continued) 
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Test Tl-C Results 

A 3670 lb. vehicle traveling 58.0 mph, at an impact angle of 25°, 

contacted the guardrail 15ft. in advance of the guardrail-bridge rail 

interface. The Position-Time Diagram, Figure 15, and the motion picture 

sequential photographs, Figure 16, given an indication of the behavior 

of the> vehicle and barrier durin~; the interaction. The guardrail con-

tained and redirected the vehicle as intended. 

The average total impact force in this test is estimated to be 

16,515 lbs. (3670 lbs. x "-f.5 g's). The average lateral component of 

impact force is estimated to be 14,310 lbs., and the average longi-

tudinal component of impact force is estimated to be 8,070 lbs. The 

barrier is capab] e of significant lateral displacement as shmvn in 

Figure 20 and thus provides impact attenuation capabilities not avail-

able in the stronger Tl bridge rail. The average lateral and longi-

tudinal components of impact force are considerably smaller than 

those estimated for test Tl--B. The vehicle weights and speeds \vere 

comparable in tl1e two tests, but a 21-inch displacement of the transi-

tion raiJ resulted in a much reduced impact force. Such a force 

reduction mving lo rail displacement ,,las predicted in the final report 

(2) 
of an NCHIZP study. The transition rail to bridge rail connection 

\vas adequate to provide structural continuity bet\veen the t\vo systems. 

The damage rating of 3.9 indicates moderate damage to the colliding 

vehicle. 

2l 
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,. 

TABLE 5 

SUI<'f>lAi~Y OF HICH""SPFED FILN CRJ\SH TEST DATA 

• Test Tl·-C 

Vehicle 1dei t = 367fl Lb (L%5 

lmpact 

Veloc:.ltv at t 58.0 or 85.0 

• in Vel l 8. 2 mph or 26. 7 

Deflection of Guardrail: 21 in. 

to Guardrail :1oderate 

tu Noderatc 
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T 415 msec T 498 msec 

T = 581 rnsec T 747 rnsec 

T = 830 rnsec 

Figure 16 (continued) 
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Test Tl-D Results 

The Texas Tl bridge rail Has modified for Test Tl-D as shown in 

Figure 1. An overlapping W-section guardrail Has added to the bridge 

rail section of the barrier system. The 3620 lb. vehicle, traveling 

61.4 mph collided 'vith the barrier bridge rail section at an angle of 

25". The Position-Time Diagram, Figure 21, and the motion picture 

sequential photographs, Figure 22, show the vehicle-barrier interaction 

during the collision. The protective barrier contained and redirected 

the vehicle. 

The average total impact force in this test is estimated to be 

24,616 lbs. (3620 lbs. x 6.8 g's). It is apparent that the overlapped 

12 gage hi-sections provided a stronger system bet\-."een posts; thus the 

lateral deceleration component was 26 percent larger than in Test Tl-B; 

however, the longitudinal component was only 4 percent of that produced 

in Test Tl-B. It is significant that the average total g's in these 

two tests were nearly the same (see Table 1); but the damage rating in 

the modified rail test was in the moderate range, Hhereas a severe 

damage rating resulted in Test Tl-B. Elimination of snagging accounts 

for the reduction in damage, because the longitudinal component of --- --·-...~~-" "'-., 

deceleration was reduced to 0. 2 g. The average la_teral component of 

impact force is estimated to be 24,620 pounds; however, the average 

longitudinal component of impact force is estimated to be only 720 

pounds. 
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TABLE 6 

< . i ·' -t OF HIGH-SPEED FILM CRASH TEST DATA 

Test Tl-D 

Vehicle Weight = 3620 lb (1964 Dodge, 4-door ) 

Impact Angle = 25° 

Velocity at Impact 61.4 mph or 90.1 fps 

Change in Velocity 7.1 mph or 10.4 fps 

Deflection of Barrier: 2 in. 

Damage to Barrier: Slight 

Damage to Vehicle: Hoderat e (Damage Rating: 4.5) 

Probability of Injury 
T H • l 0 4~"'(Z) . o ,,nrestralnec ccupant: ::>to 
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Figure 22, Sequential Photographs of Test Tl-D. 
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Figure 27, Rail and Slab After Test Tl-D. 
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CONCLUSION AND EVALUATION 

In four of four full-scale vehicle crash tests, it was found that 

the Texas Tl protective barrier is an effective vehicle containment and 

redirection system. The tests ranged in severity from an 1860 lb vehicle 

traveling 44.5 mph to a 3670 lb vehicle traveling 58.0 m~h. All tests 

were conducted at an impact angle of 25°. Damage to the bridge rail 

section of the test barrier was relatively minor. Damage to the transi

tion guardrail section in a single test was extensive. Vehicle damage 

ranged from moderate to severe. The Texas Tl bridge rail is a rigid 

system which undergoes negligible lateral displacements during a vehicle 

collision. The transition rail connection had adequate strength. 

On the basis of the tests conducted, it: appears that maintenance 

costs of the Tl Bridge Rail System should be nominal. The usual damage 

in a high-speed collision consists of localized deformations to the 

impacted W-sect:ion, and cracking of the bridge slab in t:l1e pattern sho\m 

by Figure 27. The bridge slab cracking appears to be a diagonal tension

type crack which results from the punching shear load generated by the 

base plate of the bridge rail support post. Although the concrete cracks 

in the collision area appear to be severe, the structural integrity of 

the slab is maintained by the steel reinforcement. 

It is the opinion of the authors thai these cracks may be repaired 

by placing a lateral load on the support post to force the crack open, 

grouting the crack with epoxy, and then reversing the lateral load to 

close the crack. The structural integrity of the bridge rail system does 

not appear to be damaged significantly by these diagonal tension cracks. 

Damage to the W-section rail is reduced by adding an additional, partially 

overlapping, W-section as in the modified TJ test (Tl-D). 

36 



Tentative service requirements suggested in NCHRP Report 86 are 

listed below: 

l. A bridge rail system must laterally restrain a selected vehicle. 

2. A bridge rail system must minimize vehicle decelerations. 

3. A bridge rail system must smoothly redirect a colliding vehicle. 

4. A bridge rail system must remain intact following a collision. 

F.641 

5. A bridge rail system which serves vehicles and pedestrians must pro-

vide protection for vehicle occupants and pedestrians. 

6. A bridge rail system must have a compatible approach rail or other 

device to prevent collisions with the end of the bridge rail system. 

7. A bridge rail system must define yet permit adequate visibility. 

8. A bridge rail must project inside the face of any required curb. 

9. A bridge rail system must be susceptible of quick repair. 

10. The foregoing requirements must be met by giving emphasis first to 

safety, second to economics, and third to aesthetics. 

Evaluations of vehicle-barrier interaction on the basis of these 

service requirements is presented in Table 7. The evaluations were made 

using information from high-speed films, a National Safety Council damage 

rating scale, estimates of probable injuries from Figures 7 and 8 of 

NCHRP Report 86, and examination of the barrier after each test. Safety, 

economics, and aesthetics (Service Requirement 10) are evaluated in the 

table by assigning a numerical value for each test. It is recognized that 

the vehicle weight, speed, and consequently impact force varied \videly 

between tests. The evaluation of each item was made Hith these facts in 

mind. 
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Table 7. Evaluation of Barriers Using Tentative Service Requirements 

I 

No curb 

No repair s required 

SAFETY : 2 
ECONOMICS: 

Vehicle Repair: 3 
Barrier Repair: 1 

AESTHETICS: 1 

hj 

0' 
-"' 
N 



A P P E N D I X A 

Photographic Data 

39 



!7.644 

F!l: lTOCPJ\l)J-l IC DATA 

The method employed to compute change in veloclty aGJ average decel

eration components is defined in Figure Al. The values substituted in 

the governing equations were taken from data acquired by frame to frame 

analysis of high-speed films of the collision incident in each test. The 

data and results from computation are contained in T:1bles i\1, A2, A3, and A4. 

Velocities v1 , v2 , and v3 , the directed speeds of the colliding 

vehicle, were determined by measuring the displace~er1t of some reference 

mark on the vehicle over an interval of time. V1 was calculated over a 

time interval just prior to impact; v2, when the vehicle became parallel 

to the rail; and v3 , when the vehicle lost contact with the rail. 

The finite increment of displacement, ~Slat' is computed using 

Equation (2) in Figure Al. Dimension D1 Ls computed using ALand B for 

each vehicle and the angle t; for <.:each test:. Dimem;ic•n D2 is tc>:-::: im:lted 

from high-speed films obtained from a camera locat~J r:arJll~L to the 

bridge rail. 

The distance ~Slong is observed lrom hi~h-speed film using a camera 

placed perpendicular to the bridge rail. 

The average decelerations perpendicular and parallel to the rail 

(Average Glat and Average Glong) are computed by Equations (3) and (4) 

shown in Figure Al. The average total deceleration (Average Gtotal) is 

defined as the vector sum of these components, as shown in Figure AI. 
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TABLE A1 

TEST 505 Tl-A 

Uigh-Speed Film Data 

Time lH:3p1acemcnt Time Disp]ncement 
(msec~ _____ (f..u ____ i_Il1_0_E?_cl ___ (ft_) ____ 

c_; 

-69 -f,.) (l) (Continued) [f) 

-..... 
-46 -3. (J ._; 

1+08 1iL 3 C-1 
rl 

-23 -l. 5 ::. N 429 19.1 
en 

0 Impact 0 ~ 449 19.9 u 
QJ 
[f) 

10 0. 7 469 20.7 -..... 
II L! 

20 1.3 490 21. !+ 
n 

> N 

I 
CJ' 31 2.0 510 22.3 I 

i 
n 

41 2.6 531 23.1 ____j 

51 3 ., . .) 551 23.8 

61 3.8 571 24.6 

71 4.4 592 25.3 

82 4.9 612 26.1 

92 5.5 633 26.8 

102 5.9 653 27 .s 
112 6. !, 674 28.3 

122 6.8 694 29.0 

143 7. 6 714 29.8 

163 8.4 735 30.4 

184 9 '7 755 31 . l 

204 10.1 776 31.8 

225 10.9 796 32.5 

245 11. 7 816 33.2 

265 12.5 837 33.8 

286 lJ.Lf -l 857 34.5 

306 u 14.2 I CJ 878 35.2 
I [f) 

327 15.0 -..... 
898 35.8 II L! 

'+-< 

34 7 15.9 
C'J 

> N 918 36.4 

36 7 16.6 I 0 
939 37.1 

I 
<t 

388 L7. 5 ____ j 959 37.7 

42 



r~ , I ' , .U--+1 

TABLE A2 

TEST 50'1 Tl-li 

High-Speed Fil~ Data 

Time Displacement Time Displacem0nt 

_ (_~~eel_ -~-(_f_D_ ___ :~-~~-~s:.l ___ (f_t_) ____ 

-81 -6.7 - (Continued) 

-71 -5.8 153 11.1 
u 

-61 -5.] QJ 163 11. b Ul 

----
-51 -4.2 "~ 173 12.0 'H u 

CJ 

-41 -3. 14 
r-- 134 12.5 Ul 

----N .w 

-31 -2.5 00 ] l)/+ L'2.9 '"-' 

•"") 

-20 -1.7 ,--1 204 n.L, -1 

> -.:::r 

-10 -0.9 214 u.s 
224 1L+ .. 2 

N 

0 Impact 0 :::..--

I'' 
10 0.8 234 14.6 I 

20 1.6 245 1L..9 

31 2.4 255 > c I 
j J.•+ 

41 3.2 265 1,... Q 
j __ ). ') 

51 !+. 0 275 16. ~" ---1 
61 4.8 286 1 6 ~ C) () 

I CJ 

17. /l 
Ul 

71 5.6 306 II 
----.w 

("") 'H 

82 6.4 326 "1 0 ') > Lu. L 

__ ] 
,_, 

92 7.2 347 J'.J.U a-. 
("") 

102 7.9 36 7 ] '-1 .. ~~ 

112 8.6 388 20. 'i 

122 9.2 408 2l. 3 

133 9.9 428 22.0 

143 10.5 

,.,Vehicle snagged post No. 17, and consequently dicl not hecnnH? paralleJ 
to the rail; sidewise skidding and loss of contact for ;'n l y a short 
time interval do not permit detc•nninacion of these vnlm•s to the 
accuracy reported in other tests in this series. 
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TABLE A3 

TEST 505 Tl-C 

High-Speed Film Data 

Time Displacement Time Displacement 
(msec) (ft) (msec) (f t) 

-60 -5.1 I (Continued) 
CJ 

-50 -4.3 Q) 174 13.6 
UJ 

-----40 -3.4 +J 184 14.3 
'-H 

-30 -2.6 0 195 15.1 
lf") 

-20 -1.7 CX) 205 15.7 

-10 -0.9 ,..., 215 16.4 
::> 

0 Impact 0 __j 225 17.1 I 10 0.9 236 17.8 CJ 
Q) 

20 1.7 246 18.4 (J) 

----+J 

30 2.5 256 19.1 '-H 

ri 

40 3.4 266 1Q,7 ,..., 
'-0 

50 4.2 277 20.3 

60 5.0 287 20.9 N 
::> 

72 5.9 297 21.5 _j 

82 6. 7 308 22.1 

92 7.6 318 22.6 

103 8.3 328 23.3 

113 9.2 338 23.9 

123 9.9 348 24.6 

133 10.7 359 25.2 

144 11.4 369 25.8 

154 12.1 379 26.4 

164 12.8 (Continued) 
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Table A3 (Continued) 

Time 
(msec) 

Test 505 Tl-C 

Displacement 
(ft) 

(Continued) 

390 26.9 

400 27.6 

410 28.2 

420 28.9 

430 29.5 

441 30.2 

451 30.8 

461 31.4 

472 32.0 

482 32.6 

492 33.21 

502 33.8 u 
<!) 

512 34.4 
Ul 

----1-J 

523 35.1 
4-< 

"" 533 35. 7 co 
lJ") 

543 36.2 

554 36.9 "" :> 

564 37.4___j 

574 38.0 

584 38.6 

594 39.2 

605 39.8 
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TABLE A4 

TEST 505 Tl-D 

High-Speed Film Data 

Time Displacement Time Displacement 
(msec) (ft) (msec) (ft) 

-81 -7.3 I (Continued) 

-70 -6.2 C) 257 20.8 
Q) l~ -58 -5.1 [JJ 270 21.8 ..____ [JJ 

.w ..____ 

-46 -4.1 4-l 283 22.8 .w 
4-l 

rl rr, 

-35 -3.1 296 23.9 > "" 0 
m m 

-23 -2.1 309 24.9 I "" 
-12 -1.0 rl 321 25.9 _j > 

0 Impact 0 _j 334 26.9 

13 1.2 347 28.0 

26 2.3 360 28.9 

39 3.5 373 30.0 

51 4.5 386 31.1 

64 5.6 399 32.0 

77 6.6 412 33.1 

90 7. 7 424 34.1 

103 8. 7 437 35.1 

116 9. 7 450 36.1 

129 10.6 463 37.1 

141 11.7 476 38.1 

154 12.7 489 39.1 

167 13.7 502 40.1 

180 14.7 514 41.0 

193 15.8 -l ~ 
527 42.1 

206 16.8 540 43.1 ..____ 
II .w 

219 17.8 
4-l 

553 44.0 N 
> -<t 

231 18.8 J 0 566 45.0 

244 19.8 -- co 579 46.0 
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A P P E N D I X B 

Accelerometer Data 
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ACCELEROMETER DATA 

mounted parallel and perpendicular to the longitudinal ',. (' t:he <>' 11 iding 

vehicle with the data observed from high-speed films of tlw r·ol Lisicn 

incident. Such reconciliation Has not affected during tl1e course of this 

study. However, the accelerometer traces are included in this apnendix 

for consideration by readers of this report. 
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INTRODUCTION 

As part of its 4S Program (Structural Systems in Support of High1v:1y 

)c;fety), the Bureau of Public Roads sponsored a series of vehicle crash 

ests to help evaluate the "1ll-DRO Cushion" Vehicle Impact Attenuator. 

'f":;E testing was conducted in September, Octohr'r, and '1ovemher of 1969. 

The impact attenuator has been analyzed and simulated hy digital 

',,npilter under the direction of Dr. Charles Y. \varner of J~r:igham Young 

University under another portion of the 4S Program. 1'" This system is 

;:-1\v h:1ndled by Energy Absorption Systems, Inc. of f:hicago. 

The crash cushion consists of an assembly of plastic, water-filled 

>bes vJith orifices in the caps. Hhen the Hi-Dro Cell barrier is struck 

f,, a vehicle, the water in the tubes is forced out the orifices. This 

teaction of individual tubes results in a predictable barrier deformation 

F.658 

: nr·ce characteristic. Augmenting the vehicle stopping force is thP barrier 

- •wrt ia. 

DESCRIPTION OF SYSTRM 

The basic unit of the crasb cushion is the "HI-DRO CUSHION CELL", 

vJhich is a hollow cylinder or envelope made of plastic material (see 

, Lgure 1). The cap contains orifices through whicb the '"ater in the 

·ell can be expelled. The "stiffness" of the cell is determined hy the 

-rifice areas. These cells were assembled as shov-'Tl in Figures 2, 3, 

_nd 4 for the first three tests. 

The 138 cells were divided among eight "bays" separated by diaphragms 

'"" s1JO\,'I1 in Figure 2. The third "bay" from the front was void of cells 

••e to design factors concerning the profile of the acceleration pulse 

'''superscr-ipt numerals refer to corresponding numbers in the Selected 
References. 
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produced during impact. 1 The diaphragms separating the bays were made 

of 1 1/2 in. fiberglassed plywood. The three diaphragms closest to the 

rigid barrier each had two 1/4 in. steel plates attached. The rows of 

cells in ccach bay wercc separated by 1/4 in. Duraply interior panels. 

The "fish-scale" fender panels were designed to provide redirectional 

ability during angled impacts while providing minimum interference during 

head-cn crashes. These panels were hinged to the transverse diaphragms, 

and were made of 1 1/4 in. fiberglassed ply~;,ood in the first three tests. 

In the final two tests, the five front fender panels on the impacted 

side were made of fiberglassed Hexcel, which is a lightweight, lligh

strength, paper material resembling a honeycomb. In addition, the wood 

portions of the second and third diaphragms from the rear of the attenua·

tor were removed and the 12-gage steel plate in the last diaphragm was 

eliminated in order to maintain the previous weight distribution after 

the modified fender panels had been installed. The 7/8 in. diameter 

restraining cables were increased to 1 in., and the last diaphragm \vas 

increased in width to provide a constant diverging side slope. The steel 

rods on the "off" side of the barrier (item 3 in Figure 2) simulated the 

weight of deflection panels which were left off in order to avoid modifi

cation of the width of the back-up wall. 

6 
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TEST PROGRAM 

The test conditions for the series are sho~~ in Table 1. For the 

angled tests, the impact point \vas approximately the rear edge of the 

first fender panel. The side of the unit diverged from tlle centerline 

by 6°09', making an impact angle \vith the side of the cushion of about 

26°. 

Four accelerometers \vere used in each test veldcle, t1·JO on each 

longitudinal frame member. For head-on tests, all 1vere mounted longi-

tudinally, while in the angled tests, one on each side was mounted trans-

versely. In addition, a mechanical Impact-0-Graph was mounted in the 

vehicle trunk as a secondary source of acceleration data. 

An Alderson anthropometric dummy simulated a driver, and was secured 

by a seat belt attached to a load cell for measuring seat belt force. 

Redlakes Hycam cameras, operating at 500 frames per second, recorded 

the events for time-displacement analysis. A Photosonics camera (500 

f.p.s.) was mounted over the barrier looking vertically dmmward. Much 

of the event was obscured in this view by the ejected water. Other 

cameras covered each test for documentary purposes. 

Film and accelerometer data are presented in the appendix. The 

accelerometer traces were obtained through a 20 HZ low-pass active filter 

to eliminate the effects of vehicle "ringing" and other noise, and to 

permit consistent analysis of the traces. The original unfiltered data 

is preserved on magnetic tape. 

The initial velocity and stopping distance, or distance in contact, 

can be measured accurately from the high-speed films, and an average decel-

eration can he calculated from these values. This average deceleration 

can be compared with that from the electromechanical accelerometers which 

also indicate peak g's. 

7 
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TABLE 1 

TEST CONDITIONS 

~~EST -~-------T-__ A - - ~--:B_-~

1
~ ~c -- --n--T--

1964 vw 1961 1963 1962 

I 
Vehicle Pontiac Pontiac Renault 

Sedan 

~ ---- ____ ---- _ _ _ _ __ _ __ Sedan _ -I-- Sedan Sedan i 

~--II.Jne 1igth1. at

1

, lsbp-se--e---d-, _m ___ P __ h_ _ _ _ -~820 _ I 4650 _ I 44 ~ __ -~so_-~ 

I -- '~- j--6>-l<> -~-- _L_ __ 20 
Initial Angle 

with Barrier 
Centerline, degrees 

Propulsion 

I 

j 
Self - i S-elf :, ; - Towed Self __ , I 

_ --~~were~-1 Powe:~~-- Powered-~---------'--P_o_w_e_r~ 
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TABLE 2 

SUMMARY OF DATA 

.::'EST 

VEHICLE WEIGHT, lbs 

ANGLE OF IMPACT, deg 

FILM DATA 

Initial Speed, mph 
ft/sec 

Average Longitudinal 
Deceleration, g 's 

Stopping Distance, ft 

Time in Contact, sec 

LONGITUDINAL ACCELEROMETER DATA 

Max. Deceleration, g's 

Avg . Deceleration, g ' s 

Time, sec 

TRANSVERSE ACCELEROMETER DATA 

Max. Deceleration, g's 

Avg . Deceleration, g's 

Time, sec 

ATTENUATION INDEX 

Gmax (Test) 
AI(max) = Gmax (rigid wall)xxx 

Gavg (Test) 
AI(avg) = Gavg (rigid wall )*** 

VEHICLE DEFORMATION, ft 

*Distance in contact. 

A 

1820 

0 

42 
61.6 

4.5 

13.2 

0.740 

14.6 

3 .1 

0.46 

0.4 

0 .2 

1.04 

B 

4650 

0 

64 
93.6 

7.9 

17 . 3 

0. 340 

13.4 

6 .8 

0 . 47 

0.2 

0 . 2 

1. 83 

c 

4410 

20 

54 
79.3 

5 . 8 

16 . 7 

0.340 

14.6 

5.6 

0.42 

5 . 7 

1.1 

0.42 

0.3 

0 . 2 

3 . 33 

**From Impact-0-Graph (accelerometers malfunctioned~ 
"'*'~Gmax (calculated from rigid wall impacts) = 0. 9V, 

2 
Gavg (calculated from rigid wall impac ts) = 0.574V, 

where V = initial speed in mph. 

10 

D 

1680 

0 

59 
86 . 3 

7 . 1 

16.3 

0 . 580 

15 . 6 

7.3 

0 . 29 

0.3 

0.2 

2 . 33 

E 

3710 

20 

59 
86.6 

4.9 

19 . 4''' 

0 . 340 

8 . 9 

4.6 

0 .33 

2 

0. 33 

0 . 2 

0.1 

0.83 
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Rigid 
Hall 

3270 

0 

53 

78~ 

{i:_~o 
3 . 8 

0 . 099 

35 .0 

18.0 

0.13 

0.7 

0 . 7 

3 . 82 
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Before the fourth t est, the modifications mentioned in the "Descrip-

tion of Sys t em" section were made . The vehi cle was poHered by a towing 

sys t em which disengaged from the vehicle before impact (see Fi gures 24 

and 25) . 

I n this test a 1680 lb Renault was directed head - on into the cushion 

at 59 mph. The stopping distance of 16 . 3 f t gave an average decelera tion 

of 7.1 g ' s (over 0.580 sec), and the maximum deceleration was 15. 6 g ' s. 

The vehicle apparently struck the front of th e barrier abou t one foo t 

off- center and s t arted a yaw and roll motion , finally rolling over on i t s 

top af t er most of the kinetic energy had been absorbed (see Figure s 26 

through 29) . 

The final t est was another 20° impac t. A 3710 lb Dodge sedan travel-

ing at 59 mph was used . This was the only t es t in which the vehicle left 

the barrier wi th significant speed . The average longitudinal deceleration 

of 4.9 g ' s was calculated over the distance in contac t of 19.4 f t by 

noting the speeds at the beginning and end of this contact. The maximum 

deceleration was 8 . 9 g's . Sequential photographs of t he test in progress 

are shown in Figures 31 and 32 . 

In t his last test, the vehicle began to ramp , or climb up the side 

of the barrier. It became completely airborne by as much as 1.5 ft for 

about 20 ft , and upon recontacting the ground rolled over on its left 

side before coming to rest upright. Examina t ion of vehicle and barrier 

i ndicate that a slight contact was made with the upper corner of the 

seen in Figure 34 . 

The path of vehicle contac t up the side 

( '/:J' ..J)L 
- .. --
( ~;~ L• :J 

panels ca be 

€ 
rigid s t eel wall. 

11 



The steel barrier in front of the concrete wall was pulled away 

from the concrete at the bottom abo ut 6 inches and at the t op about 2 

inches (see Figures 35 and 36). The restraini ng cables were fastened 

t o this steel barrier, so thi s could allow as much as 2 ft of additional 

l ocalized late ral movement t o the cushion. 

The damage to the barrier in the head-on tests was r e lative ly minor, 

usually in the form of t orn plastic cells which were easily replaced. 

The following listing of parts replaced gives an idea of the severity 

of damage to the barrier in each test: 

Test A 

Test B 

Tes t C 

Tes t D 

Tes t E 

No parts rep l aced. 

25 cartriges replaced , 19 of which were repairable. 

Failure of anchorages caused damag e which necessitated 
replacement of several fender panels, diaphragms, and 
int e rior panels. (Some replacement s were made in the 
course of the previously mentioned modification of the 
b arrier s tructure.) 

No parts replaced. 

Damage to fender panels only. No replacements were made 
because no further tests were planned. 

FIELD EXPERIENCE 

One severe collision with a HI-DRO cushion located in New Orleans, 

6 Louisiana, has recently been reported. 

On April 2, 1970, a vehicle skidded sideways into the barrier on 

rain-slick pavement a t an estimated speed of 70 mph. The driver's side 

of the vehicle impacted the barrier nose. The driver, who was unrestrained, 

suffered cuts and bruises, but was treated and released. The vehicle was 

towed to a garage, and then driven inside. The authors of that report 

feel that the collision would have undoubtedly been fatal if the impact 

a ttenua tor had not b een th ere . 

1 2 
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CONCLUSION 

Pertinent data from a rigid wall test3 conducted in March of 1969 

is included in Table 2 for comparison purposes. This vehicle was a 1963 

Plymouth sedan weighing 3270 lbs which was directed head-on into a rigid 

concrete wall at 53 mph. The vehicle stopped in 3.8 ft (vehicle deforma

tion) with an average deceleration of 25 g's and a peak of 35 g's. 

F.669 

Table 2 also includes a comparison of Attenuation Indices, which are 

defined as the ratios of decelerations experienced in the cushioned impacts 

with those calculated for rigid barrier impacts. The values experienced 

in a rigid wall crash will depend in part on the crush characterisitcs 

of the impacting vehicle. For this reason the Index for the rigid wall 

test is not unity. The more attenuation caused by the inclusion of a 

crash cushion, the smaller will be the Attenuation Index. 

The acce lerometer traces are shown in the Appendix. Note that the 

traces usually consist of more than one major peak. One or more of the 

secondary peaks are related to pressure waves reflecting from the rear 

of the barrier, while the initial peak is primarily due to inertial 

forces.4 

The predictions of the mathematical model developed at Brigham Young 

University showed very good agreement with the test data for the head-on 

tests. 1 No predictions were made for the angled tests. 

Great design flexibility is possible by varying orifice s ize and 

number, arrangement of cells, size of cells used, and amount of fluid 

in the cells. 

13 
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The 4S Program of the Federal Highway Administration uses th e follow

ing criteri a for development and testing of protective barr iers: 5 

Vehicle we i ght range 

Veh icle speed 

Impact angle 

Average permissible 
vehicle dece l era t ion 

Maximum occupant 
decelera tion onset 
rate 

2 ,000 to 4 ,500 lbs . 

60 mph. 

Up to 25 ° as measured from the 
direction of the roadway . 

12 g ' s maximum wh ile preventing 
actual impact ing or penetr ation 
of the roadside hazard. 

500 g's per second. 

The observed average deceleration levels were significant ly below 

t he 12 g l evel in a ll t ests . The accele rome t er traces s howe d that the 

12 g leve l was exceeded by peak decelerations no longer t han 0 . 03 seconds 

except in Test D whic h was a head-on test of a vehicle we i ghing l ess than 

the minimum weight specifica tions . 

Othe r t ests on this t ype of barr i er have been conducted by Rich 

Enterprises, California Division of Highways, and Brigham Young University. 

The results of these tests have, in general , shown acceptable performance 

of t his vehicle i mpact attenuator . 

14 
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Figure 8, Vehicle and Barrier After Test A. 
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Figure 11, Sequential Photogr~phs of Test B. 
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Figure 14, Vehicle Before Test C. 
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Barrier Before Test C. 
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Figure 17, Sequential Photographs of Test C. 
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Figure 18, 

Figure 19, 
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Barrier After Test C. 

Vehicle ~fter Test C. 
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Figure 20, Connection From Hhich Cable Pulled Free. 
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Figure 21, Crash Area After Test C. 
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Figure 22, Steel Backup Plate Before Test C, 
Shmving Restraining Cable Connec
tions and Water-filled Tubes. 

Figure 23, Steel Backup Plate After Test C 

Shov:lng Loose Cable on Struck Side. 
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Figure 24 , Front of Vehicle Showing Tow Cable (center) 
and Guidance Cable (right). 

' . 

Figure 25, Tow System Pulleys and Guidance Cable for Test D. 
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Figur.: 26, \ei.Lcie and Harr.ie r Befure Test D. 
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figure 27, Sequential Photographs of Tes• D. 
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Figure 28, Vehicle and Barrier After Test D. 

Figure 29, Vehicle After Test D (righted) . 
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Figure 30, Vehicle Before and After Test E. 
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Figure 31, Sequential Photographs of Test L 
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Figure 32, Overhead Sequential Photographs of Test E. 
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Figure 33, Imp1.ct Area After Test E . 

Figure 34, Barrier After Test E. 
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Figure 35, Steel Backup Plate Pulled 
Away About 2'' at the Top. 

Figure 36, Steel Backup Plate Pulled . 

Away About 6" at the Bottom. 
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Figure 37, Rigid Hall Crash Test. 
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Time 
(tH_lJ:cls econsJ:sj_ 

--51. 0 

-· 30. 6 

--20.4 

-]0.2 

0 Impact 

20.4 

61.2 

81.6 

102.0 

122.4 

142.8 

163.2 

183.6 

204.0 

224.4 

244.8 

28'1. 6 

126. ', 

TABLE 3 

TEST 505 R--A 

High-Speed Film Data 

Displacement 
_ _jFeet_) __ 

Time 
(Hill is ec_:J nels 2 

Displacement 
__Q::_e e t )___ __ _ 

-3.1 (continued) 

-2. '5 %7.3 11.1 

-1.9 408.1 ll.S 

-1.~ 448.9 l: . 8 

-0.6 12.2 

0 5:30.6 12.4 

1.3 571.4 12.6 

2.4 612.2 12.8 

3. 4 693.8 13. L 

4. j 775. ", 1 ') ') 
L _I*.:_... 

5.1 857.1 13.1 

5. 7 938.8 12.9 

6.4 1020.4 12.7 

7.0 Jl02. 0 12.5 

7. 7 1183. 7 12.3 

1265.3 12.2 

8.8 j 34 7. 0 12. l 

142il.6 12.0 

10.0 I 'JJfl. 2 L2.0 

J0. s 

60 
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Time 

. 0'l~.L.~t'c':':.:C1 Li_<!~;} 

---_\(). 2 

--20. 2 

-11). 1 

0 Impact 

40., ) 

C0.5 

so. 6 

l 00 0 ,q 

121.0 

141.1 

l6l. 3 

181.4 

201.6 

22l. s 

241.9 

262.1 

282.2 , 
• 

TAGLE 4 

TEST SO.'i R-h 

High-Sp~ed Rilm Data 

'Cimc:: Displacement 

____ (!~'::'c'"-t)_ -- ( ~U 11 i seconds) 
Displacement 
___ (£_c''" t 2 __ 

--3. 8 (continued) 

-2.8 322.6 l7. 3 

-1.9 362.9 .17. 2 

-·0. 9 17 .Q 

0 16.7 

1.9 483.8 16.3 

3. 7 524.2 16.0 

). 3 15.6 

6.9 604.8 15.2 

S.J 846.7 13.3 

9. 7 1048.3 12.1 

10.9 1249.9 11.0 

12.0 1451.5 10.1 

12.9 1653.1 9.3 

13.7 1854.7 8.7 

14~5 2056.3 8.2 

15. 3 :) 257.9 7.9 

] b. 0 24S9.5 7. 7 

Jf,.b 7.6 
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TABLE 5 

TEST 505 R-C 

High-Speed Film Data 

Time Displacement Time Displacement 
(Milliseconds) (Feet) (Mill is econds) (Feet) 

-49.0 --3.9 (continued) 

-38.9 -3.1 210.8 13.1 

-28.7 -2.4 229.9 13.9 

-19.2 -1.6 249.1 14.8 

-9.6 -0.8 268.2 15.5 

0 Impact 0 287.4 16.0 

' 19.2 1.5 306.6 16.4 

38.3 3.0 325.7 16.6 

57.5 4.4 344.9 16.7 

76.6 5.8 364.0 16.6 

95.8 7.1 455.5 16.2 

115.0 8.3 54 7. 0 15.8 I 
134.1 9.4 638.5 15.4 

153.3 10.4 730.0 15.1 

172.4 11.3 821.5 14.9 

191.6 12.2 913.0 14.8 
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-49.5 

-- \9. 6 

<'9. 7 

·· I q. S 

- '). 9 

0 

'·'. 9 

29. 7 

69. 3 

ii9 .1 

109.0 

129.0 

Lh8.0 

TABLE 6 

TEST 505 R-D 

High--Speed Film Data 

Time Displacement 
___ (Feet)_ (Yl:L lliseconds) 

Displacement 
(Feet) 

-4.3 (continued) 

-3.4 188.0 10.1 

-2.6 208.0 10.6 

-1.7 228.0 10.9 

--0.9 248.0 11.2 

() 267.0 11.6 

0.8 287.0 11.9 

2.4 307.0 12.1 

3.9 327.0 12.4 

5.3 366.0 12.9 

6.4 406.0 13.3 

7.3 446.0 13.6 

8.2 505.0 14.1 

8.9 544.0 14.3 

9.5 
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TABLE 7 

TEST 505 R-E 

High-Speed Film Data 

Time Displacement Time Displacement 
(Milliseconds) (Feet) (Mill isec:onds) __ ( f:_iC_ e t L __ 

-31.6 -2.7 (continued) 

-26.3 -2.3 105.2 8.1 

-21.1 -1.8 126.2 9.4 

--15. 8 -1.4 147.1 10.6 

-10.5 -0.9 168.1 11.8 

-5.3 -0.5 189.0 12.9 

0 Impact 0 210.0 14.0 

5.3 0.4 230.9 15.0 

10.5 0.9 251.7 16.0 

15.8 1.3 272.6 16.S 

21.1 1.7 314.1 18.4 

31.6 2.6 340.0 19. (+ 

42.1 3.5 365.8 20.3 

52.6 4.3 417.2 2c) ') 

63.1 5.1 468.2 2ft. 0 

73.6 5.9 518.8 25.9 

84.2 6. 7 5G9.2 27. ') 

94.7 7.4 61q. 3 29.9 

' 
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INTRODUCTION 

Full-scale crash testing remains the most effective way of demonstrating 

the p0rformance c:1aracteristics of a high~;~ay barrier system. A number of 

different tests on guardrail-bridge rail systems have been conducted under 

the federal lliglnvay Administration .',S Program, Structural Systems in Support 

of Highv:ay Safety. As part of this program, tviO crash tests of a modified 

New York Box Beam system \-Jere conducted. This strong beam-\veak post barrier 

is a modification of a Ne\v York Box Beam Guide Rail system which \vas reported 

* by Halcolm Gral1am.l The design tested Has provided by \0illiam C. Burnett of 

the Department of Transportation of the State of New York. 

Tests were conducted with medium weight vehicles at nominal speeds of 

sixty mph and inpact angles of 25°. The first impact \vas directed into the 

bridge rail and the second into the transition zone between tl1e guardrail 

and the bridge rail. 

In each test the vehicle was contained and redirected by the barrier 

rail. V~1icle decelerations were reduced considerably by the deflection 

characteristics of this barrier and vehicle compartment encroachment \vas 

found to be negligible. The barrier performed in a v~ry acceptable manner. 

'''superscript nurnbc:rs refer to corresponding numbers in the References. 
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BARRIER DESCRIPTION 

Figures 1 through 6 show details of the basic components of the 

modified New York Box-Beam Bridge Rail system. A description of the major 

elements of the strong beam-weak post design is as follows: 

Item 

Bridge rail 

Bridge rail post 

Bridge rail post base plate 

Guardrail 

Guardrail Post 

Guardrail post spade 

Rail splice plates 

Bolts--Bridge rail to clip 

Bolts--Guardrail to clip 

Bolts--Clip to guardrail post 

Bolts--Splice plates 

Bolts--Bridge post base plate 
to deck 

MECHANICAL 

l1aterial Tensile (ksi) 
--~---

A 36 58 - so 

A 307 60 

A 325 120 

A 500 Type A - 45 
Type B - 58 

Description 
Material 

(ASTt-1) 

6" x 6" x 3/8" box beam ASOO 

3 I 5. 7 A36 

JQ" X 9-1/2" X 1" A36 

6" x 6" x 3/16" box beam ASOO 

3 I 5. 7 A36 

8" x 24" x 1/4" plate A36 

Size varies A36 

3/8" A307 

3/8" A307 

1/2" A307 

3/ 4" A325 

7 /8" A325 

PROPERTIES OF l'1ATERIALS 
% Elongation 

Yield Point (ksi min.) (min. on 2") 

36 23% 

36 23% 

92 N/A 1-1/4" dia. 

Type A - 39 Type A - 25% 
Type B - 46 Type B 23% 

3 



Figure 1 , Overall View of Bridge Rail-Guardrail . 

Figure 2, Bridge Post. 
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Figure 3 , Bridge Rail-GuardraU Transition. 

Figure 4, Detail of End Anch or ag e. 
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The Natiooal Safctv CounciL jn 1Slb3 ; uGl Ls:ted a rr•port entitled, "Vehicle 

') 

Damat:;e Scale for Trai-fic )cci~..lc~·lt Tnvt:'sti tur:-~e 11 ~~ The ratiof:; scale, 

developed in tile i\SC Traffic .\ccidcnt !l:tta ;•rujcct:, con;"i_sts of photographs 

s an• classified according 

to a particular tvpe of impact damage: lt:•tt front quarter (LFQ), front left 

( F'L), etc. The sc·vc•r ltv of dama,;l;, i llt:s tratc:oci bv the photographs. is in eli-

c~ttccl by an ar:Jitrary ;.;cale frulil 1 to 7, \.'i th 7 bein~ the most severe. 

Ten obsc:rvers comp;_tred the photogr.:_l~)hs of the dame1ged vt..:hicles from 

tests A ;:md B Lth t[w NSC pi_ctures. lZe:mlL; of the comparic;ons are presented 

be !mi. 

Observer 

2 

., 
) 

5 

6 

7 

8 

9 

]() 

Averar~e of 10 
( :b sf~~ rva tion:-:; 

FL-4 rn-4 

l.FQ-5 LH>S 

FL- 3 IL-5 

l FQ-5 LFQ-5 

FL-2 FL-4 

LfQ-·5 LfQ-4 

fL-5 

LFO-S LFQ-7 

U'0-4 FL-5 

4.1 4.9 
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TEST DESCRIPTION 

Test NY-A 

A 1964, 4-door Dodge weighing 3800 lbs was chosen for the first test 

'"hich was conducted on March 20, 19 70. Speed at impact Has 55.~· mph and 

the angle between the bridge rail and impacting vehicle Has 25°. The path 

of the vehicle's e.g. is depicted graphically in Figure 7. Average longi-

tudinal deceleration calculated from the high-speed films was 1.3 g's. 

Deceleration perpendicular to the rail, from the high-speed film, was 

4. 8 g' s. (The method used for computing average decelerations is given in 

Figure 25.) 

Approximately 50 ft of bridge rail and guardrail 111ere damaged in the 

crash and 12 bridge posts and guard posts were destroyed or damaged to 

some extent. 

Vehicle damage is shown in Figure 9, and was rated as !1 .1 on the 

severity index published by the National Safety Counci1. 2 

Sequential photographs of the crash are shown in Figures 10 and lL 

Damage to the guardrail-bridge rail installation is shov.'TI in Figures 12, 

13, 14, and 15. 

9 
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FIGURE 7, PATH OF VEHICLE'S e.g.- TEST 505 NY-A 
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Figure 10, Sequence Photographs of Test NY-A 
(View parallel to bridge raiJ). 

12 

F . 723 



l 

3 

5 6 

Figure 11, Sequence Photographs of Test ~Y-A 
(V:ie\v perpendicular to hridge rail). 

13 

'r'. 724 



F. 725 

Figure 12, Deflection of Bridge Rail-Guardrail in Test NY- A. 

Figure 13, Damaged Bridge Posts in Test Y.Y-A. 
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Figure 1L1, Overall View of Damaged l.ns tall at ion, Test ~Y-A. 

Figure 15, Damaged Cuardrail, Test. NY-A. 
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Test NY-B 

The second and final test was designed to test the critical point of 

the guardrail-bridge rail transition. In other barrier systems, potentially 

hazardous conditions have been observed during collisions at this point. 

One of the major stimuli for using the continuous box beam in both the 

guardrail area and the bridge rail area is the fact that a smooth trans

ition in barrier stiffness can be achieved, thus in effect eliminating tl1e 

potential problem of the transition. It was the opinion of the New York 

designers that this was a major advantage of the system, and this property 

was recognized by the Federal Highway Administration. 

The test was conducted on April 17, 1970 using a 1964, 4-door Dodge 

weighing 3670 lbs. The angle between the approach path of the vehicle nne! 

the rail was 25• as in the first test. Speed at the time of impact was 

57.9 mph. A graphic description of the path of the vehicle's e.g. is 

provided in Figure 16. Average longitudinal deceleration calculated from 

film data was 2.1 g's. Average deceleration perpendicular to the bridge 

rail was calculated from high-speed film as 5.1 g's. 

Damage was incurred on approximately 60 ft of the barrier, with some 

11 bridge and guard posts bent or broken. Vehicle damage is shown in 

Figure 18, and was rated as 4.9 on the severity index published by the 

National Safety Council. 2 

Figures 19 and 20 give two views of the crash with sequential photo

graphs from high-speed film. Figures 21 through 24 show damage to the 

barrier. 
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{<t ·.*' ;,OO; 

·~ 

Flgure 17, NY-B Vehicle Before Test. 

Figure 18, NY-B Vehicle After Test . 
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Figure 19, Sequence Photogr aphs of Test NY-B 
(View parallel to bridge rail). 
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l 2 

3 4 

s 6 

II• .'0, SPqucnce Photographs of Test 1\'Y-B (Overhead View). 
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Figure 21, Deflection of Bridge Rail-Guardrail, Test NY-B. 

Figure 22 , Damage at Bridge Rail-Cuardrail Transition, Test NY- B. 
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r.igure 23, Overall View of Da:nnged Installation, Test NY-B . 

Figure 24 , Damaged Bridge Posts, Test NY-B. 
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PHOTOGRAPHIC DATA 

lhe method employed to compute change in velocity and average decel-

rccl"Jt Lon cDrr,ponents is defined in Figure 25. The values substituted in. 

th1• ~overning equations were taken from data acquired by frame to frame 

:1;~]y~~s of high-speed films of the collision incident in each test. The 

tkL' and results fran: computation are contained in Tables 1, 2 and 3. 

Velocities v1 , V2 , and v3 , the directed speeds of the colliding 

vehicle, were determined by measuring the displacement of some reference 

mark on the vehicle over an interval of time. v1 vJas calculated over a 

time LHerval just prior to impact; V2, when the vehicle became parallel 

ro :~he rail; and V3, when the vehicle lost contact \vlth thE raiL 

Tlw finite increment of displacement, .1\SlaL, is computed using 

Equation (2) in Figure 25. Dimension D1 is computed using AL and E for 

each vehiclE and the angle 9 for each test. Dimension D2 is estimated 

from high-speed films obtained from a camera located parallel to the bricl;_;e 

t_';J.i1. 

'J'l>e distance LIS long is observed from high-speed film using a camera 

placed perpendicular to the bridge rail. 

Tite average decelerations perpendicular and parallel to the rail 

·.verage Glat and Average Glong) are computed by Equations (3) and (4) 

:-;i•C'Ivl, ln Figure 2.5. The average total deceleration (Average Gtotal) ic' 

d(·f:cc.d :1s the vector sum of these components, as shown in Figure 25. 

23 
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FIGURE 25, GEOMETRIC REPRESENTATION OF PHOTOGRAPHIC ANALYSIS 



TABLE 1 

SUMMARY OF TEST DATA 

1-----------~------------------f-----Test 
Factor 

NY-A 
~-~- ---- -- ---------- -- ~~----- - -- ---~-~- ----

NY-B 

1

1 

Dodge Dodge 

VEHICLE 

Year 1964 

I 

Make 

Height, lbs 

1964 

/ Angle of Impact, deg 

~----------

1 
FILH DATA 

I 

l Initial Speed (Vl), ft/sec 
mph 

I 3800 I 3670 

-------------------~'5 r~'s __ l 
81.2 85.0 i 

i 
I 
! 
i 

I 

: 

I 
I 
I 

Speed at loss of contact (V3), ft/sec 
mph 

Speed when vehicle is parallel to 
rail (V2), ft/sec 

LlSlong' ft 

LlSlat' ft 

mph 

Average Glong• g's 

Average Glat' g's 

Average Gtotal' g's 

55.4 57.9 I 

* 

60. 81'* 
41. 5'~* 

21. 3** 

3. g*'~ 

1.3 

4.8 

5.0 

53.1 
36.2 

57.3 
39.1 

20.0 

3.9 

2.1 

5.1 

5.5 

~ Maximum Guardrail Deflection, ft 1.5 3.0 

l___Residual Barrier Deformation, ft 0.25~~~---1_._2_5~ 

~:No v3 as defined in Figure 25 due to vehicle spinout. 
""since vehicle never became parallel, these computations 

when the vehicle was at its minimum angle with the rail 

25 

were made 
(50). 
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TABLE 2 

TEST 505 NY-A 

High-Speed Film Data 

Time Displacement Time Displacement 
(msec)_ (ft) (msec) (f t) 

-57 -4.7 (continued) 

-49 -4.0 189 14.0 

-41 -3.3 -l 208 15.1 

-33 -2.7 u 226 16.4 
(j) 
[fJ 

-24 -2.0 
-------

245 17.5 
II w 

4-4 

-16 -1.4 ~N 264 18.7 
,...., 
00 

-8 -~. 7_j 
283 19.9 

0 Impact 302 21.1 

19 1.5 321 22. 3~l ~ 

38 3.1 340 23.4 I~ 
w 
4-4 

57 4.6 358 24.6 
C'J 

> 00 

75 6.1 377 25.7_j~ 

94 7.5 396 26.8 

113 8.9 415 27.9 

132 10.2 434 29.0 

151 11.4 453 30.1 

170 12.7 472 31.2 
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TABLE 3 

TEST 505 NY-B 

High-Speed Film Data 

Time Displacement Time Displacement 
(msec) (ft) (msec) (ft) 

-76 -6.5 (continued) 

-63 -5.4 251 18.4 

-51 -4.3 271 19.6 

-38 
(.) 

-3.2 ~ ~ 290 20.6 
----.... 

-25 -2.2 II .u 
309 

21.8 -l lH 
.-j 

22.9 ~ 
>o 

-13 -1.1 lf"1 329 
_jco II .u 

lH 
0 Impact 0 348 24.0 N 

> "' 
25.1__j 

r----
13 1.0 367 lf"1 

25 2.0 387 26.2 

38 3.1 406 27.2 

51 4.1 425 28.3 

63 5.1 445 29.3 

76 6.1 464 30.4 

89 7.1 483 31.4 

101 8.0 503 32.4 

114 8.9 522 33.5 

127 9.8 541 34.5 

139 10.7 561 35.5 ---1 
,u 

(\) 

155 12.1 580 36.6 
[jJ 

----.... 
II .u 

lH 

174 13.3 599 37.6 
M > .-j 

M 

193 14.7 618 38.6 ___jlf"1 

213 16.0 638 39.6 

232 17.2 
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SU.\L'!ARY /lliD COJ~CLUSiuNS 

,\ summarv of data obtained in the tvJO tests is given in Table l. 

un tlll:se dat.:t :::mel det,liled analysis and observation of the high--speed 

f. 1 
. 1tm, the following conclusions are presented: 

L. In iJOth te.·ots, the barrier installation performed the basic 

f' met ion of con ta Lning and redirecting the vehicle. An excellent trans-

i.tic·n bet'.veen guardr:ll1 and bridge rail is achieved by this strong beam-

weak post system. 

2. Vehicle compartment encroachment was negligible in each test. 

3. All deceleration levels are within the survivable range given 

IJY OL: 1 :•t al. 3 The deflection of the bux-beam acts to reduce the 

dc•cclerallc•r:s experic•nced by passengers and to reduce damage to the vehicle. 

l'ror·c rl y :-;eat ·tcvJ t:•cl. shoulder-harnessed passenger \vould probably have 

~. 1st~Lned only minor i u~ies in both crashes. The test parameters of 

.:so and 60 c~h are extreme, considering probable accident conditions, and 

arc more in the nature of a "strength" test of the barrier system. 

(,dLi.siuns with this barrier at lo\ver o.ngles and speeds should result in 

a v~r; luw probability of passenger injury. 

tentative service requirements suggested in ~CHRP Report 86 are 

Llf;ted bc,low: 

' I • A bridi~e rail system must laterally restrain a selected vehicle. 

i\ brid~;e rail system must minimize vehicle deceleratjon. 

i\ hridge rail system must smoothly redirect a colliding vehicle. 

A bridge~ r:aiJ f'Vstem must remain intact following a collision. 

-,. A bridge ra:Ll ;;vstem \vhich serves vehicles and pedestrians must pro-

vide p~0tection for vehicle occupa~ts and pedestrians. 



6. A bridge r a il system must have a compatible approach rail or other 

device t o p r event collisions with the end of the b r idge r ail system. 

7 . A b r idge rail system must define yet permit adequate visibi l ity . 

8 . A b ridge r ai l must project inside the face of any requi r ed c urb . 

9 . A bridge r a il system must be suscep t ible of quick repair. 

10 . The fo r ego in g requirements mus t be met by giving emphasis firs t t o 

s a fet y , se cond t o economics, and thi r d to aesthetics . 

Ev a lua ti on,-; of v e h icle-barrier interaction on th e basis of these se r vice 

F.740 

r equir emen ts are presen ted in Table 4. The evaluations were made using 

informa tion f r om h i gh - speed films, a National Safety Council damage ra t ing 

scal e , es timates of probable injuries from Fi g ures 7 and 8 of NC!lr'J> Repor t 86 3 , 

and e xamina t ion of th e barrier a fte r each test. Safet y , ec on omics , and 

aesthet i cs ( Se r vice Requirement 10) are evaluated in the table by assi~ning 

a n ume r i c a l val ue fo r each test. It is recognized that the vehicle weight , 

spee d, and conseq ue n tly i mpact force varied 1"idely between tes t s. The 

e v a lua ti on of ea ch it em was made 1vith these facts in min d . 

29 
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TABLE 4 

EVALUATION OF BARRIERS USING TENTATIVE SERVICE FEQUIREMENTS 

Se r vice New York Box Beam NeH York Box Beam 
Req uirement Bridge Rail Bridge Rail 

(Test NY-A) (Test NY-B) 

l Lateral restraint adequate - Penetration 
and vaulting did not occur. 

2 GTotal = 5.0 GTotal = 5.5 
Vehicle Damage Rating: Vehicle Damage Rating: 

4.1 4.9 
Probability of Injury: Probability of Injury: 

35% 40% 

3 Good Redirecti on Good Redirection 
Slight Snagging Moderate Snagging 

4 Both barriers remained in tact in that 
box beam held though posts were torn loose. 

5 Not Applicable Not Applicable 

6 Yes Yes 

7 Rail and post system does define yet permits 
adequate visibility . 

8 No Curb No Curb 

9 Replace 12 Posts Replace 11 Pos ts 
Replace Two 25' Replace Three 25' 

Rail Sections Rail Sections 
Quick Repair Possible Quick Repair Possible 

10 Safety: 1 Safety: 2 
Economics: Economics: 

Vehicle Repair: 1 Vehicle Repair: 2 
Barrier Repair: 1 Barrier Repair: 2 

Aesthetics: l Aesthetics: 1 
I 
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I~1PACT RESPONSE OF FIFTY-FOOT 

LUMINAIRE SUPPORT STRUCTURES 

Gene r a l Background and Prob l em Description 

F .744 

This repo rt p r esents the findings of a small parameter study con -

duc t ed t o de te r mine t he impac t response of l uminaire s upport structures 

hovin g a moun t i n g h e i ght of 50 ft and moun ted on frangible breakaway

t ype bases . P r evious studies invest igat ed the behavior of 30 a nd 40 ft 

high ins t a l la t ions under a va ri ety of co ndi ti o ns a nd it is felt that 

the r esu l ts p r esented he r e in will give an insi ght to the response of 

t alle r ins t al l ations - The inter-relationshi ps of some identifiable 

pa r amete r s can be observed in the t yp i ca l charts presented in Figs . Al 

and A2 in the appendix. These results a r e for a 40--ft installation a nd 

a r e a lso presented in Ref . 1 . 

The study lv ilS conducted for a n a luminum t ape r ed shaf t having di-

mcns ions o f 12 " o_ D- (bose) x 6 . 6 " 0 . D. (top) x 43.6 ' lon g (_219" 

1v-;1ll thickness) . The mils t arm ~v-as t.::~ ke n t o have il leng th of 15 ft and 

a 15- Jb .l ttmin :1 ir e h'<JS ass umc>d. B n~aka1v ay base ene r gy levels of 750 

it-lbs :1 nd 3000 f L-lbs 1vere considered for the suppo r ts . TilL' 750 fL-lb 

l e vel is typicill of ;1 s li p- tvpe il ttach men t a nd the 3000 ft-lh va lul' is 

cvpi c al uf some f r o n g i blL' aluminum bnses _ The veh i cular impact speed 

1-:os va r il:' d f r om 1 5 mph Lo 45 mph a nd vehicular wei ghts of 2000 lhs , 

3000 l b s . a:1d 5000 lbs 1vere employed . A central head-on i mpact was 

assum~d for all c ases . 

The ;;,c;them:Jti.cal model h':J S verified by results obrai ned from 

fulJ - s ,·:ll c' c r.1sh tc•sts :l!ld i s basica1lv the Sclml' one discussed Ln Ref . l, 

') 



exc ept for minor modifications in the initial part of the motion . The 

computer codin g was r ewritten and a more efficien t Runge - Kut t a n umeri 

cal integrat i on procedure was employed . Considerable time was spen t 

in opt i mizin g t he c oding with t he ne t result be in g a h i ghly e ffi c ien t 

computer pro g r a m capable of solvin g p r oblems in a min imum amount o f 

compu t er time . 

Dis c us sion of Result s 

Tables 1 a n d 2 present the results of the st udy for suppor t s 

mounted on bas es h aving 750 ft -lb and 3000 ft-lb base fractu r e ener gies . 

The t abu l at e d information consists of vehicular vel oci t y ch an ges , de

cel e ration r a t es, vehicle-support contact t imes, and lateral movemen t 

of the luminaire support structure. The lateral movement va l ues r e

pr esent the maximum translation of the structure, in the direction o f 

t he roadway, at t he instant the structure i n it i ally hits the ground. 

Th ese v a lues a r e measured with respect to a coor dinate system h aving 

its o r igin at t he base of the support and give an indication of where 

the structure will c ome t o rest. A typical support h it t ing t h e g r ound 

is shown in Fi gs. 1 a n d 2. 

The study r e vea l ed that for all the cases cons i dered , the vehicula r 

v e l ocity changes a nd decelerat i on rates remain ed with in a llowabl e l i mits . 

This is based on criteria established in Ref . 2 which con s iders vehi c 

ular velo ci t y chan ges during i mpac t i n excess of 1 1 mph a s h azardous . 

Collisions at the slower velocities (15 mph) are char ac t e r ized by 

a se condary co llision between the falling pole and the car. Th ese cases 

have the support acquirin g just enough kinetic e nergy to tra ns l ate a 
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short distance, strike the ground, and then fall on the vehicle. These 

collisions can be considered hazardous as the support could strike the 

passenger compartment area of the vehicle and cause injury to the occu

pants or strik~ the vehicle and then come to rest on the roadway, thus 

creating an unsafe condition for other near-by motorists. 

The lateral translations obtained from the study reveal that, 

excluding the 15 mph collisions, maximum movements of approximately 

10.5 ft can be expected. It should be emphasized that these transla-

tions are taken at the instant the support strikes the ground and, de

pending on the impact point and the structure's angular kinetic energy, 

the maximum translation could conceivably be greater when the structure 

:.·omes to rest. 

Conclusions 

From this limited exploratory study, it can be concluded that 

luminaire support structures of SO-foot mounting heights can be designed 

to have safe, initial damage-limiting characteristics when bases of 

low-fracture energies are utilized. Secondary collision characteristics 

of the severed pole with the impacting vehicle for conditions other 

than those assumed in this study cannot be acceptably established with 

anv degree of confidence. 

RL'commendations 

Thl· studv presented in this report has been conducted for bases 

c•ffering lm.; resistance and has assumed a centrnl, head-on vehicle 

irrtpact. The majority of the present 50-ft installations employ bases 

4 



having fracture energies greater than those investigated here, and 

since most collisions are not central, it is believed that a more 

complete study is required to establish the level of safety of these 

structures. lt is therefore recommended that this basic exploratory 

investigation be expanded into a more comprehensive study to include 

greater ranges of the parameters considered herein, angular impacts 

as well as possibly other parameters, other constructional materials, 

and secondary collision characteristics. 
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Vehicle 
Vehicle Impact 
vJeight Velocity 

(lbs) (mph) 

2000 15 

2000 30 

2000 45 

3500 15 

3500 30 

3500 45 

5000 15 

5000 30 

5000 45 

(T) Translation 
(L) Translation 

F.748 

Change in Average Support 
Vehicle Vehicle Contact Lateral 

Velocity Deceleration Time Movement 
(mph) (g's) (sec) (ft) Comments 

1. 70 1.18 0.065 Base of support hits in 
front of vehicle and sec-
ondary collision follows 

l. 20 1.08 0.049 10.40(T) Lumina ire hits ground 

1. 30 1. 60 0.036 7.96(T) Luminaire hits ground 

0.72 0.36 0.091 Base hits ground in front 
of vehicle and secondary 
collision follows 

0.55 0.30 0.083 6.86(T) Top of post hits ground 

0.50 0.70 0.032 9 .13(1) Luminaire hits ground 

0.45 0.46 0.045 Base of support hits in 
front of vehicle and sec-
ondary collision follows 

0.30 0.30 0.038 3.65(T) Top of post hits ground 

0.34 0.54 0.029 7 .48(1) Luminaire hits ground 

of top of post 
of luminaire 

Table 1. Results for Collisions With 50-Ft. Support 
Structures Mounted on Bases Having an Energy 
Level of 750 ft-lbs. 
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Vehicle Change in Averag'-~ Support 
Jmp:1ct Vehicle Vehicle Con t a·~· t Lateral 

Velncilv Velocity Deceleration Time Movement 
-~--I:_r£l0 ____ _Ln_El~L (g's) (sec) (ft) CommenL·c; 

15 

3C 

·+S 

l ') 

'h] 

45 

15 

'JO 

/ c; '4 .• 

[ranslation 

6, 10 3.80 0.072 Base of support hils lll 

front of vehicle and 3 (>\~-

oncl:1ry colli~;iGtl full,·,\-:,; 

3.40 3.40 0.046 3.14(T) Top of pust: lt it~ ~: ) . ' ' ; ! 1 : ( ~ 

2.60 3.30 0.036 9.36(T) Luminaire hit ci f~l"Olllll..i 

4.56 l. 96 0.106 Base o( support !tiLs 1!1 

front of vchicLv und ~-; !~ -

ondary coJlision foLk· 

2.40 l. 24 0.088 9.40(T) Lumi1~aire hit,; ~~r~..)un .. 1 

1. 70 2..10 0.037 4.32(B) Top of post hits grot.1nd 

2.30 l. 50 0.071 Base of support hits in 
front of vehicle nnd Si'C-

onclarv cnll is ion t () 1 l~·--·:...:, 

1.40 l. 25 0.050 9.97(T) Top of post hit" ~~r,)tlrld 

1.02 1. 23 0.038 9.64(L) Lumina ire• hits {',round 

of base of support 

Table 2. ~csults for Collisions With 50-Ft. Support 
Structures Nounted on Bases Having an Energy 
Level of 3000 ft-lbs. 
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Introduction 

A full-scale vehicle crash test was conducted on a prototype soil-

filled fiberglass median barrier designed and fabricated by the Molded 

Fiberglass Resin Company of Ashtabula, Ohio. The median barrier was pre-

viously analyzed and subjected to scale-model tests by liT Research Institute 

1 2>~ 
of Chicago, Illinois. ' This report presents the results of the single 

crash test. 

*Superscript numerals refer to corresponding numerals in selected references. 

2 



Barrier Description 

The barrier consists of a fiberglass trough containing fill material. 

Ten foot sections are bolted together to form the trough. Figure 1 is a 

drawing of a section of the barrier, while Figures 2, 3, and 4 are photo

graphs of the test installation. A fiberglass guardrail or rubrail is 

attached to the outside of the barrier to form a vehicle redirectional 

surface. This rail is shown in Figures 1 and 2. The lower portion of the 

barrier rests in a 10 in. wide by 11 in. deep trench parallel to the road

way. Pea gravel was used as fill material for the test conducted by TTl. 

A 150 ft. length of median barrier was installed adjacent to a concrete 

vehicle-approach area as shown in Figure 4. 

3 

f.758 



z 

SECTION ZZ 

li~ure Detail of fiberglass section. 

SECTIONS BQL TED 
TOGETHER 
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Figure 2 , Gronnd Level Vie\.: of RubraiJ Bolted 
To Fi.berg1ass Trough 

Figure 3 , End View of Fiberglass "ledian Rarrier 
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INSTRUHENTATIO~ 

For this test, four strain gage type accelerometers were mounted on the 

frarr:e of the vehic l c. 1\vo 1vere placed on the left frame member and t·.vo C'n 

the right £1 ar:K· r•tember. One ilccelerometer on each f r·arrw measured transverse 

(kucler tior:s a.nd the otftt'r measured longitudinal deceleratiuns. Longitudinal 

decelerations renresent decelerations toward the rear of the vehicle and trans-

verse decelerations are toward the left of the vehicle. A tri-axial electro-

mechanical deceleration device (an Impact-0-Graph) was located on the right rear 

An Alderson c~nthropometd c dummy, 'veighing 160 lbs., •.-;as nlaced on the 

cL:ivcr's :c;!cie :•f t:K vehicle with a lap belt fastened across the pelvic re-

-~,ion. A strai~ gage load cell was connected tcJ the lap belt tel measure tl1e 

r ,- 'Iii tlw l.ap 0elt dtni•Jg imr;ect. The lap belt force trace is slw"lll as a 

~i.v·" f,,·cce becr~us12 it represents a reanvard force on the dummy. 

frum th~ four accelerometers and the load cell were trans-

L<Jpe. 

thP effect.s of 11 rir~ging", <·1nd ther displayed on '\'isicorcier naper. 

four high-speed cmnerac ,.Jere used in this U'st to cover the event. One 

";as pla•::ed Derpendic;d;cil tn tbe barrier; anotl1er parallel to the barrier; 

at~1 of the vehicle; and the ot!uc-r pnJ·-

Fa ,F ;_j;e hi sneed films had timin? 1'ghts sa 

that elapsed time at any point could be ralculated. A stadia board marked in 

the vehicle was used in determining 

distar.ce ti·aveled. These distances wer,' IIIE'asurcd on a Vanguard Hotion ·\n zer. 

7 



Initial speed '.vas then computed from the time-displacement data obtained. 

T\vo other lmv--speed cameras, one a panned shot and one a stationary view 

parallel to the barrier, provided a qualitative coverage of the crash 

test. 

8 
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DESCRIPTION OF TEST 

A 1966 Chevrolet sedan traveling 54 mph impacted the Fiberglass Barrier 

at an angle of 25°. The point of impact was 84.5 ft. from the north end of 

the barrier. The fiberglass trough and rubrail began shattering at 0.046 sec. 

after impact and allowed the vehicle to penetrate the barrier. The vehicle 

then ramped and came to a stop astride the barrier (see Figures 5 through 8). 

The barrier was damaged severely. Twelve feet of the front wall was 

completely destroyed, and the back wall collapsed. The vehicle was also 

damaged extensively, as evidenced by a right front fender residual deforma

tion of 3.1 ft. 

A summary of the pertinent data obtained is presented in Table 1. 

Accelerometers indicated an average longitudinal deceleration of 5.2 g's 

(average of left and right frame members) over 0.248 sec. and an average 

transverse deceleration of 2.0 g's (average of left and right frame members) 

over 0.213 sec. 

Time-displacement data from the high-speed films are given in Table 2, 

and reproductions of the accelerometer and lap belt force traces are shown 

in Figures 9, 10 and 11. There is some accelerometer activity past the times 

shown in Figures 9 and 10, but the major decelerations have been included. 

9 

F.764 



F.765 

1 2 

3 4 

5 6 

7 8 

Figure 5 , Sequential Photographs of Test FG-A (Parallel to Barrier) 

10 



,, 

Ltl J ' 



F . 767 

Figure • 7 Vehicle Before and After Test FG-A 
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Table 1 

TEST 505 FG-A 

SUMtlARY OF DATA 

Vehicle Hake: 1966 Chevrolet Caprice 

Impact Angle: 25° 

Initial Speed: 79.2 ft./sec. or 54.0 mph 

Naximum L<'lteral Penetration of Barrier: 5.3 ft. 

Haximum Lateral Displacement of e.g.: 7.8 ft. 

Longitudinal Stopping Distance: 38.0 ft. 

Avg. Longitudinal Deceleration (computed): 

(v2/ 2gs) 

2.6 g's 

Avg. Deceleration Perpendicular to Barrier (computed): 

((v sin e) 2/2gs) 

Longitudinal Deceleration: 

Accelerometer Haximum (g' s) Average (g' s) 

Left Frame Member 12.5 5.4 (over 248 

Right Frame Hember 14.8 5.0 (over 248 

Transverse DeeP leration: 

Accelerometer ~·1aximum (g 's )_ Average (g' s) 

Left Frame ~·!ember 8.6 2.4 (over 213 

Right Frame i·lember 6.7 1.6 (over 213 

Seat Belt: 

Maximum force - 591 lb. 

Average force - 156 lb. (over 257 msec) 

14 

F. 769 

2.2 g's 

msec) 

msec) 

msec) 

msec) 



r.no 

Table 2 

TEST 505 FG-A 

High-Speed Film Data 

Time Displacement Time Displacemc•nt 
__ (millisecol"!_~§_}_ _S£ee_!:j ___ (mi_ll i_s__e:_con_is) __Q_<:·e~L __ 

-50.9 -4.0 L:l7.l CJ.G 

-38.1 -3.0 l!f5. () 10.0 

-2~1.4 -2.0 152.6 10.4 

-12.7 -1.0 ] 65. J 10.9 

0 Impact 0 178.0 11.5 

7. 6 0.6 lCJO. 7 ]2.0 

15.'3 1.2 203.4 ] 2. 5 

22.9 1.8 216.2 12.9 

30.5 2. (~ 228.9 13. 3 

38.1 3.0 2!Jl. 6 13.8 

45.8 3.6 254.3 14.1 

53.4 4.1 26 7. 0 1l+. 5 

6L CJ 4.7 279. 7 ] 4. 9 

68.7 5.2 292.4 15.3 

76.3 5.8 305. 2 15. 7 

83.9 6.3 330.6 16. Lf 

91.5 6.8 356.0 l7 .0 

99.2 7. Lf Jill. 4 17.7 

106.8 7. '} 406.9 18.3 

114.4 8.3 432. 3 19.0 

122.1 8.8 !+57. 7 19.6 

129.7 9.2 483.2 20. ;> 
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CONCLUSION 

Although the vehicle decelerations observed in this test were tolerable 

to properly restrained passengers, 3 the median barrier did not redirect the 

vehicle as intended or desired. The fiberglass barrier Jacked strength and 

roughness to prevent the vehicle from penetrating it. In particular, the bar

rier contact surfaces and connections could possibly be altered to prevent 

disintegration of the side of the barrier under vehicular impact. This might 

be accomplished by replacing the fiberglass guardrail or rubrail with the 

common metal H-section flexbeam railing. However, this is only speculation and 

further design modifications would probably be necessary. The bolted connections 

employed throughout the system appeared to be totally unsatisfactory. Steel 

bolts in holes in the fiberglass created many areas of high stress concentra

tion which the non-ductile (or brittle) fiberglass could not tolerate. 

The fact that most fiberglass lacks ductility (the ability to undergo 

large plastic deformation) creates many difficult design and fabrication prob

lems for impact resistant structures. Ductile materials generally perform 

better than brittle materials under impact loads, particularly at connections 

and in areas of high stress concentration since by yielding, thP ductile 

material can redistribute high stress concentrations. 
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INTRODUCTlO~ 

Hridge piers in the roadway median at higlHvav overpass structures 

present a rigid object hazard to passing motorists. The probability of 

injury to occupants of a vehicle which violates the median in the over-

pass area would be greatly reduced by the addition of an energy absorbing 

device in front of the outermost bridge piers. 

Use of guardrails at such locations is not a wholly satisfactory 

solution, as a substantial portion of the length of these median instal-

lations are end treatments; and all currently available guardrail end 

1''' 
treatments are quite hazardous themselves. The hybrid crash cushion 

and concrete median barrier discussed in this technical memorandum is one 

possible alternative to current treatments at these locations. 

An impact attenuator which had a compatible transition to a concrete 

median barrier system was designed, constructed, and tested to evaluate 

the feasibility of such a design. These evaluation tests consisted of 

two vehicles directed at angles of 10° and 20° into the side of the 

system and one vehicle which impacted the crash cushion head-on. 

*Superscript numerals refer to corresponding numbers in the selected 
references. 
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DESCRIPTION OF BARRIER SYSTEM 

Two simulated concrete bridge piers were instal led for the tests. 

The protective installation shown in Figures lA and lB was a combina

tion of a s h aped concrete median barrier
2 

and a variation of the Mo dular 

Crash Cushion .
3

•
4 

This cushion was designed by the Stru ctures and 

Applied Mechanics Division of the Federal Highway Administration wi th 

the assistance of the Texas Transportation Institute. 

The crash cushion was composed of 55 - gallon stee l drums with holes 

in the tops and bottoms to reduce the crush strength. Plywood panels 

(2 ft high and 4 ft long ) covered wi th sheet metal were attached to the 

upstream side of the crash cushion adjacent to oncoming traffi c to pro-

vide a redirection capabilit y for vehicles which strike a glancing blow. 

These redirectional panels are attached to the drums in a fish-scale 

fashion and telescope in a head-on collision without altering barrier 

crush characteristics. 

These 2 ft by 4 ft panels were chosen in preference to th e 3 ft by 

4 
8 ft panel scheme used in earlier development tests and i n th e demon-

stration co nducted by U. S. Steel in orde r to minimize th e ramping of 

the vehicle that was noted in th ese in1pacts. The 2 ft by 4 ft panel was 

5 
inspired by Hanson ' s use of 2 ft by 3 ft panels in the design of a b a r-

rier for use in Denver, Colorado. It was felt that the 2 ft high panels , 

centered on the 2 ft 10-3/4 in. drums would decrease ramping by offerin g 

a smaller smooth surface, as the tops and bottoms of the drum would 

probably lip over the panel edges during impact a nd r etard any ramping 

3 
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tendency. Also, the lower trailing corners of these 2 ft by 4 ft panels 

could not scrape against the ground and cause a tendency toward ramping 

in this fashion. 

Steel cables gave the cushion and redirectional penals lateral sta

bility for side impacts. The cables were passed through eye bolts in 

F.779 

the support posts so that the drums, support posts, and redirectional 

panels could slide along the cables during a head-on collision. As shown 

in Figure lB, the 3/4 in. wire rope cables were located at the top 

rolling hoop of the steel drum to encourage a slight downward wedging 

action (again to decrease ramping tendencies) of the panels under side 

impact. This feature was suggested by the U. S. Steel demonstration tests 

conducted by TTl. 

As shown in Figure lA, the downstream treatments differed from the 

upstream treatments. The two 3/4 in. cables were between the first and 

second columns of drums in order to eliminate vehicle snagging at the 

cable anchorage when impacting this downstream side. No plywood redirec

tional panels were used on the left-hand side in this installation. If 

panels were used on the left side, they would have to be hinged at their 

rearward edge to redirect vehicles moving from the rear to front (see 

Figure lA). The outside top edge of the concrete median barrier was 

aligned with the side face of the downstream steel drums so that unneces

sary contact with the downstream drums would be avoided. 

The concepts for this barrier called for as narrow a barrier as pos

sible in order to allow its use where space is restricted, as well as 

to offer a smaller target to an errant vehicle, thereby reducing the 

number of collisions with the barrier. For this reason, the shaped con

crete median barrier was selected as an element of the hybrid barrier. 

4 



In order to stop impacting vehicles in the 2000 to 4500 lb weight 

range with acceptable deceleration forces and at the same time avoid 

an unnecessarily long barrier, previous designs for steel drum crash 

cushion tests used an increase in the number of drums per row towards 

the rear of the barrier. This resulted in barrier designs wl1ich had 

four to six drums per row at the rear of the barrier. In these tests, 

all drums had the same crushing strength (same gage and hole cut-out 

pattern). This could be referred to as a mono-modular design concept. 

In order to achieve the desired minimum width for the barrier presented 

in this report and achieve these same goals, a barrier three drums wide 

having three different crush strengths was used. Relatively "soft" 

drums lvere used on the crash cushion nose, "medium stiff" in the center, 

and "stiff" drums in the rear of the crash cushion. 

The crush characteristics of these drums and the corrugated metal 

pipe segments used in this design are given in reference 6. It was 

recognized that the use of two different gage drums with identical hole 

cut-out patterns could result in confusion in the field. In reference 6 

an array of crushing resistances using the same gage of drum but varying 

the hole cut-out pattern is presented so as to minimize such possible 

field problems. 

The resulting design had the same number of drums in each row per

mitting the cables to be kept straight in plan view as is desirable and 

permitting the side of the crash cushion to be aligned parallel to the 

roadway. This had the advantage of reducing the angle of impact with 

the side of the barrier in a given collision as compared with the pre

viously discussed design. 
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rhe concrete median portion of this tarrier is an adaptation of the 

GM shaped concrete section. In a 63 mph, 25° impact into a 32 in. high 

~ d d. t . d b dl . 2 . New Jersey s0ape concrete me 1an Jarrlcr reporte y Nor 1n, port1ons 

of the sheet metal of the vehicle lipped over the top of the barrier. 

As the concept of the hybrid barrier discussed in this report called for 

a design in \vhich the concrete median section of the barrier could be 

placed as close as possible to the bridge piers, the concrete median bar-

rier height \vas increased to 40 in. as shown in Figure lA. This modified 

GM shape had an upper face that was 25 in. high with a 3-7/8 in. offset 

as compared to the 16-7/8 in. height and 2-7/8 in. offset of the standard 

GM shape. The purpose of this change was primarily for improving barrier 

performance for collision involving pick-up trucks and l•eavier vehicles. 

Evaluation of this aspect of the barrier design was beyond the scope of 

this investigation. 
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PHOTOGRAPHIC INSTRUMENTATION 

In Tests A and B, four high-speed cameras with a film speed of frames 

per second were used. One was located perpendicular to the initial path 

of the vehicle, one parallel to the crash cushion center line, one perpen

dicular to the crash cushion center line, and one overhead. In Test C, a 

head-on impact, two cameras were located perpendicular to the crash cushion 

center line (and vehicle path), and one was mounted overhead. In all tests, 

three documentary cameras with speeds of 24, 64, and 128 frames per second 

were used. 

The high-speed motion pictures had timing marks on the edge of the 

film from which film speed, and therefore elapsed time, could be computed. 

Each test vehicle had a stadia board and several targets on it to facili

tate the measurement of vehicle movement. The average speed of the vehicle 

over a desired interval could then be obtained from the time-displacement 

determinations shown in the Appendix. These measurements were made along 

the path of the vehicle. The lateral motion of the vehicle (perpendicular 

to the crash cushion) 1vas determined from the overhead or end-view cameras. 

ELECTROMECHANICAL INSTRUMENTATION 

In Tests A and B, transverse and longitudinal accelerometers were 

mounted on short flanges welded to each longitudinal frame member just 

behind the front seat. In Test C, only longitudinal accelerometers were 

included on the vehicle. Throughout this report, longitudinal decelera

tions indicate accelerations toward the rear of the vehicle and transverse 

decelerations toward the right of the vehicle. In all tests, an anthro

pomorphic dummy was secured in the driver's seat by a lap belt connected 
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to a load cell which sensed lap belt force. In Test C, a head-on impact, 

biaxial accelerometers were mounted in the head of the dummy. The signals 

from the various transducers were transmitted by telemetry to a ground 

station and recorded on magnetic tape. The accelerometer data were passed 

through an 80 HZ low-pass, active filter to reduce the effects of "ringing". 

Reproductions of the accelerometer and lap belt traces are included in the 

Appendix. 
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DESCRIPTiON OF TESTS 

Test A 

A 4150 lb Ford sedan was directed obliquely into the side of the 

crash cushion at 56.7 mph. The vehicle's approach path made a :7 0° angle 

\vith the center line of the crash cushion with the impact point selected 

such that the driver's seat was directed at the center of the Front 

bridge pier. With this impact point, it was thought that maximum bar

rier deflection would occur in the vicinity of the transition between 

the crash cushion and the shaped concrete barrier, and thus provide tnc> 

most meaningful test for this transit.ion fot use with the other selected 

<conditions. This caused the left front end of the vehicle to contact 

th(c crash cushion at the rear edge of the fifth fender panel from the 

lront as seen in Figure 2. Loth the maximum deformation of the crash 

cu:;!don ar:d the maximum vt:hicle accelc?rations occurred at roughly 

0.150 sec after impact. The overhead sequential photc,grapbs of Figure 

indicate that the front end of the vehicle was near the bridge pier-

m<cdLHl barrier transjtion at this tim(" as desired. Figure 4 sho\vS 

sc.'qucc·ntial photographs from an end vie1v. No elapsed times are sho~;.'n in 

the fi.gure because the camera cd.th cvhich the photographs 1vere madf' doe:; 

not incorporate timing marks on the film. 

The vehicle redirected smoot~ly fhe path of the departing vehicle 

can be seen in Figure 5, 11llich :;hu\vS the cr<1sil cushion before and o.ft,~r 

tile test. The residual lateral deiorm<ltjon of the side of the crash 

cushion was 16 in. Seven steel drums and eight fender panels \\'ere de!m

aged. Figure 6 shu\vS the vehicl.c bc'fore and nfter the test. The: lc'ft 

11 
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front of the hicle \vas deformed 18 in. longitudinally and 16 in. trans-

V<'rsely. The damage to the left front wheel caused the vehicle to swerve 

in an arc to the left after loss of contact ~ith the barrier. 

The v~hicle deceleration data are shown in Tables 1 and 2. The accel-

erometers indicated a maximum longitudinal deceleration of 14.4 g's and a 

maximum transverse deceleration of 10.4 g's. The average longitudinal 

deceleration was 2.6 g's over 0.46 sec, and the average transverse decel-

eration was 2.0 g's over 0.46 sec. The average lateral deceleration (from 

contact until the vehicle was parallel to the barrier center line) calcu-

lated from high-speed film over 0.27 sec was about 4 g's. 

Test B 

In this test, a 3990 lb, 1964 Dodge sedan struck the barrier 10° to 

the center line at 62.3 mph. The purpose of this test was to evaluate 

the transition between the crash cushion and the shaped concrete barrier 

under the 60 mph, 10° test conditions that have caused vehicle ramping 

Jnd near roll over in previous tests. The crash cushion had been restored 

to its original condition with the exception of one corrugated steel pipe 

at the edge of the concrete backup wall which was not replaced. In addi-

tion, another row of steel drums was added to the front of the crash 

cushion (compare Figures 2 and 7). As in Test A, the impact point was 

selected such that the driver's seat Has aimed at the center of the bridge 

pier. 

Figures 8 and 9 are sequential photographs of the test, and Fig-

ures 7 and 10 show the barrier before and after the test. The damage to 

the crash cushion was slight. The redirection was very smooth, with only 

12 
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~ ,.;.. .. &-~ 01/1 _,.,..~~~,ia-
,!...V- . ...;,o. 

'~ -~ ~-,..~~ -~~>« ,,~~; '17' ,... 

Figur e 2 Harrie r s Befo re and After Test A (Oblique View). 
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t 0 sec t = 0 . 046 sec 

t 0.113 sec t = 0.167 sec 

t = 0.256 sec 

t 0.421 sec t = 0 . 515 sec 

Figure 3 , Test A - - Sequential Photographs (Overhead Vie~v). 
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·. 

Figure 4 , Tes t A Sequential Photographs 
(View Parallel t o Barrier). 
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TABLE 1 

DATA FROH FIL~l A:\ALYSIS 

Factnr 

Vehicle Weight, lbs. 

Impact Angle, deg. 

Initial Speed, ft/sec 
mph 

Final Speed, ft/sec 
mph 

Time in Contact, sec 

Distance in Contact, ft 

Average Longitudinal Deceleration, g's 

Vehicle Parallel to Barrier 

Loss of Contact 

Average Laterale Deceleration, g's 

Vehicle Parallel to Barrier 

aAt end of fonvard motion in Test C. 

,\ 

4150 

20 

83.1 
56.7 

45.6 
31.1 

0.513 

29.2 

4.0b 

3.9c 

2.6b 

2.3c 

F.793 

Test 

B c 

3990 1790 

10 0 

91.4 81.8 
62.3 55.8 

75.9 oa 

51.7 oa 

0.414 0.257a 

31.9 11. 3a 

2.5b 9.2a,b 

2.4C 9.9C 

1. 3b 8.9b,d 

1. 2C 7.8c,d 

3.ob 

bcdlculated by (vi' Vr;' I 2gD); h'here Vi = initLll speed, Vf speed at 
point of interest, D = distance traveh'd 1JY vehicle's CC, and g = 32.2 ft/sec 2 • 

ccalculated by (1/g)(~V/At); wl1ere ~V =change in speed of vehicle's CG, and 
Lt = time interval. 

dTo end of accelerometer traces (0.5 ft. uf rebound) 

eLateral = perpendicular tll barrier centerline. 

18 



TABLE 2 

DATA fROM ACCELEROMETERS 

Test 
Factor 

A B 

Vehicle Height, lbs 4150 3990 

Impact Angle, deg 20 10 

Maximum Deceleration, a g's 

Longitudinal 14.4 3.4 

Transverse 10.4 11.0 

Average Deceleration, a g's 

Longitudinal 2.6 0.8 

Time Interval, sec .460 . 411 

Transverseb 2.0 2.0 

Time Interval, sec .461 .410 

avalues given are averages of right and left accelerometer outputs. 

bTransverse to vehicle longitudinal axis. 
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a slight ramping of t:lle lt'i't front ~:nd of th,• vehicle observed. The 

vehicle left the barrier at an ancle of about 5° to the center line of 

the crash cushion, and the trckks o: tlnc> veili_c]e as it left the barrier 

can be seen in Figurco 7. Tiw d<-unag<: to tite vellicle is sho1,-n in Fig

ure 11. The vehicle h'a:-; L~riven a-"-aY fron~ t:he :c; i_te after th''' test, 

which indicates, along 1·7ith the st;1al1 angle of departure, that a driver 

could have maintained control after tlle irr1pact. 

From the accelerometer data, the maximum longitudinal deceleration 

was 3.4 g's and the maximum t:ransverse deceleration vas 11.0 g's. The 

average longitudinal deceleration was 2.5 g's, and the average decel-

eration perpendicular to the craslt cushion was 3.0 g's. These were 

obtained from the higlt-speed film,; tu thEe time of parallelism, 0.19 sec. 

The average longitudinal and transverse dec<:lerations from the accelero

meters over about 0.4 sec were 0.8 and 2.0 g's, respectively. 

Test C 

In the final test of the serie<;, a 1965 Simca, lveighing 1790 lb, 

struck the crash cushion head-on at 55.8 r.qh. t::nreported accidents or 

collisions lvith crash cushions prior to the tim.: have required highway 

engineers to make frequent inspection~ dnd needed repairs. Because of 

the plywood redirection panels, it ''.'ciS tl~l'cJ~ht tltat the damage caused 

by Test B was not severe enough to al_ter the: crash cushion behavior in 

the planned Test C. Consequently, it ~as felt desirable to demonstrate 

this and accordingly, except for paintin~ and reshaping some of the 

fender panels, the crash cushion \vas not rec;tored after Test B. At 

test time, the crash cushion had a bm,' tn it from the last test, the 

20 
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t = 0 SE' C t = 0 . 061 sec: 

t = 0.108 sec t = 0.169 sec 

t = 0. 220 sec t = 0.281 sec 

t ~ 0.350 sec t = 0 . 413 sec 

Figure 8 , Test B - - Se quen tial Photographs 
(View Perpendic ula r to Barrier) . 
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Sequent Lll l'hotographs (Overhead Vie\,•). 
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Fig ure 11 , Vehtcle Before and After Tes t B. 
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maximum deformation being 9 in. The condition of the crash cushion 

before and after the test is shown in Figure 12. The damaged fender 

panels can be seen in the first photograph of Figure 13 . Figure 14 

shows sequential photographs of the test from an overhead camera . The 

damag e to the vehicle can be seen in Figur es 15 and 16. The fr ont end 

of the ligh t weight, rear-engined vehicle was deformed 11 in. at t he 

bumper level , and the hood (or baggage compartment lid) was pushed back 

but did not penetrate the windshield. 

The vehicle 's forward motion stopped in 0.257 sec and 11.3 ft of 

travel. The average deceleration over this interval, from the films, 

was 9.2 g ' s . The vehicle rebounded 1.8 ft. The average decele ration , 

from the accelerometers, over 0.356 sec was 7.2 g's. 

In this test, the resultant from the biaxial accelerometers in the 

dummy 's head was plotted and graphically integrated piece wise to obtain 

an index to compare to a published injury criterion called the Gadd 

7 Severity Index. This index is defined as follows: 

SI 

0 

where a = acceleration in g's, 

t time in seconds, and 

n an exponent greater than unity. 

8 
For head-face impacts whose duration is be t ween 1 and 60 msec , the 

exponent "n" has a value of 2.5; and the upper limit of "Severity Index" 

for survival is estimated to be about 1000, with modera te injury occurring 

26 
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at about 700. Caution must be taken in the use and interpretation of 

the Severity Index for time durations greater than 60 msec such as in 

this test. 
53 

For exampl.e, Snyder has observed that although we normally 

are exposed to l gall our lives, the formula indicates that a fatal 

injury would occur in about 16 minutes. 

The Severity Index for this test was 176 for the 540 msec event, 

indicating a low probability of head injury. The photography showed 

that the dummy's face impacted the upper portion of the steering wheel. 

However, the chest probably absorbed most of the energy of the torso 

motion striking the steering column and lower rart of the steering 

wheel. The dashboard of the vehicle was bent outward by the steering 

column, and the driver's seat wa'' sl1ifted fonvard (see Figure 17). 
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t 0 sec t 0.036 sec 

t 0.088 sec t 0.165 sec 

t 0.277 sec c = 0.690 sec 

Figure 14 , Test C - - Sequential Photographs (Overhead Vie\¥). 
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CONCLUSIONS 

1. The Modular Crash Cushion with compatible transition to a concrete 

median barrier performed comparable to previous Modular Crash 

Cushions in attenuating a head-on vehicle impact. 

2. The crash cushion used in this test series with a compatible transi-

tion to a concrete median barrier had sufficient lateral strength to 

smoothly redirect 4000 lb vehicles impacting the side of the cushion 

at angles of 10° and 20°, at 60 mph. 

3. During angle impacts the vehicles remained relatively stable during 

F.809 

and after the redirectional process; and showed no tendency to ramp, 

overturn, or spin out. The 2 ft high by 4 ft long redirection panels 

appear far superior to other previously tested redirection panels 

used on the modular steel drum crash cushion. Accordingly, adapta

tion of this panel and cable arrangement to other steel drum crash 

cushion designs should improve their performance. 

4. The vehicle decelerations in all tests indicate that a properly 

restrained passenger would have survived the impacts with little or 

no injury. 9 This, coupled with the very stable behavior and low 

departure angles of the vehicles in the angled impact, suggests that 

a properly restrained driver might have regained control of the 

redirected vehicles. 

5. This barrier design can also be adopted for use at elevated exit 

ramps by using the cable and panel arrangement of the impacted side 

of the devic~ examined in this report, on both sides of the barrier. 

34 



6. Use of the information presented in reference 6 will allow the design 

of a barrier of this type using all 20 gage drums with different 

crash strengths (hole cut-out patterns) rather than the combination 

of 18 gage and 20 gage drums used in these tests. This should reduce 

possible confusion in the field,as for each selected crush resistance 

a different hole cut-out pattern would be selected. 
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TABLE 3 

nsr A HICH-SPEED FIU1 DJ\T i\ 

Time Displacement Time Displacement 
__ (_~t·_c) -------~f_t_L ___ __j_s_e~) ___ i!_~l __ --

--0 064 -5032 

l 
(continued) 

-0 (J 51 -4025 u 
0 2 j() 15064 QJ -l .-1 w 

--0 038 ·-3 0 ]_ 9 ~---

0 24 3 16027 <:'"' ~ 

oc 4-j 

-0026 --2013 16.88 
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. 256 QJ 
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--.013 -1.07 
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.051 4.17 .333 20.64 _ __J 

.064 5.18 .346 21.26 

. 077 6.16 .358 21.86 

.090 7.12 . 371 22.47 

. 1()2 8.05 . 384 23.09 

.115 8.95 . 397 23.69 

• j 28 9.81 . 410 2if. 'lO 

0 141 10.63 .422 24.89 

.154 11.39 .435 25.50 

.166 12. 21 .448 26.10 
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.192 1 3. 6 7 .484 27.85 

.205 14.34 . 503 28.72 
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QJ 
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::.--,·,v. Speed at impact . 5'17 3l.IH -:< 
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TEST B lliG!!-SPEED FlU! DATA 

Time Displacc>ment Ti.ml' llispJaccmcnt 
~s_e__cl_ ---- _(_[ _Q ___ ~_ (cs_e_c_l --- _(_f_t) ____ 

- < () 3 7 --3. 38 l (contjnued) 
u 

--.028 -2.53 <l) .234 18.82 ._j- Ul 

. -----·-. 019 -l. 71 r4 +-J .243 19.53 00 4-< 
II 

-.009 --0. 86 
.~ 

.,.., .253 20.23 

0 Impact () _J .262 20.93 

.009 0.80 . 271 21. 6!1 

. 019 l. 62 .281 22.34 

.028 2.45 .290 23.05 

. 037 3.26 .299 23.77 

.047 4.06 . 309 24.46 

.056 4.85 . 318 25.16 

.065 5.63 . 327 25.87 

.075 6.43 .337 26.57 

.084 7.18 . 3'54 27.64 

.094 7.94 .413 31. 78 I 
u 

.103 8.69 .423 32.51 Q) 

Ul 

-----.112 9.41 .433 33.28 +-J 
~ 

.122 10.16 .442 34.05 0'. 

"' .131 10.88 . !,52 34.76 r--. 

. .l40 ll. 60 . !162 35.50 4~ 

> 

.150 12.35 .472 36.26 J 

.159 13.06 I 

.168 13.79 u 
<l) 

Ul 

.178 14.52 -----+-J 
'-h 

.187 15.24 ._j-

.196 15.94 \.0 
r--. 

.206 16.66 
p, 

. 215 .17. 38 > 

J . 225 18.10 
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TABU: 5 

TEST C HIGH-SPEED FIL~! DATA 

Time Displacement Time Displacement 
(se_c)_ ____ (_f_!_) ___ (sec) __ (i!j ___ 

_., 
-.050 --4.09 u (continued) Q) 

(f) 

-.040 -3.26 --- .129 8.34 .w 
~ 

-.030 -2.45 <X; .139 8. 79 

-.020 -l. 63 rl .158 9.53 <X; 

II 

-.010 --0.81 ·r< .178 10.13 > 

0 Impact 0 J .198 10.58 

. OlO 0.83 .218 10.92 

.02ll l. 57 .238 11.15 

.030 2.31 . 257 ll. 26 

.040 3.05 .337 10.94 

.050 3. 74 .4lfi 10.34 

.059 4.45 . 495 9.87 

.069 5.09 .574 9.57 

.079 5. 71 .fi53 9.47 

. 089 6. 30 .772 9.62 

.099 fi.85 .891 q.87 

.109 7.39 1.010 9.97 

.119 7.88 1.129 9.85 

40 



c 
0 

+10 

0 

-10 

-20 

+10 

•j 0 
ell 
1-1 
<I) ...., 
<I) 
u 
u 

...: 

-10 

-20 

-Impact 

0 100 

-Impact 

0 100 

200 300 

200 300 

Time (Milliseconds) 

400 

400 

Right 
Frame Member 

500 

Left 
Frame Member 

500 

Figure 18, Longitudinal Accelerometer Data, Test A 
(80 HZ Low-Pass Filter) 

600 

600 



tlO + 10 
~ 
0 

·ri 
.w 
ql 
1-< 
Q) 

rl 
Q) 

u 
u 

<t: 
Q) 
(fJ 

1-< 
Q) 

!> 
(fJ 

~ 
ql 

H 
E-< 

,--.. 
(fJ 

tlO 

~ 

0 

-10 

+20 

-~ +10 
.w 
ql 

H 
C!J 
rl 

Q) 

u 
u 

<t: 
Q) 
(fJ 

H 
Q) 

!> 
(fJ 

~ 
ql 
H 

E-< 

0 

-10 

---Impact 

0 100 

-Impact 

0 100 

Right 
Frame Member 

Left 
Frame Member 

200 

200 

300 400 

300 400 

Time (Milliseconds) 

Figure 19, Transverse Accelerometer Data, Test A 

(80 HZ Low-Pass Filter) 

500 600 

500 600 



ClJ 
u 
H 
0 

r.<.. 

1000 

500 

0 

0 

~Impact 

100 200 300 400 

Time (Milliseconds) 

Figure 20, Lap Belt Data, Test A 



u 

D£ 

~ 
0 

w 
Q' 

H 
Q, .._, 
'11 
u 
u 
< 
.._, 

<"\) 

~ 
·.-1 
-o 
;::l 
'-' 
·.-1 
/){; 

~ 
0 

>--< 

,..-., 
({) 

-
Cll 

~ 
0 

+-- ·.-1 

+-- '-' 
<"\) 

+10 

;.. 
(\) 

.--4 
(\) 
u 
u 
< 
.--4 
(1j 0 
~ 

·.-1 
-o 
;::l 
'-' 
·.-1 
/){; 

~ 
0 

>--< 
-10 

0 100 200 300 400 500 flOC 

~Impact 
----F--

Left 
Frame Member 

I 

L______l__________j__ __ __t____--L---_. ___ _l _ _____; 
0 100 200 300 400 

Time (Milliseconds) 

Figure 21, Longitudinal Accelerometer Data, Test B 
(80 HZ Low-Pass Filter) 

500 600 



c 
0 

·rl 
.w 
cU 
H 
Q) 

,-; 
Q) 

u 
C) 

<>:: 
Q) 
[JJ 

H 
Q) 

:> 
[JJ 

c 
C1j 
H 

[-1 

c 
0 

•rl 
.j.J 

C1j 
H 
Q) 

rl 
Q) 
C) 
u 

<>:: 
Q) 
[JJ 

H 

+15 

+10 

0 

-5 

+15 

+10 

~ 0 
[JJ 

c 
C1j 
H 

[-1 -5 

--Impact 

-Impact 

0 100 

200 300 400 

Right 
Frame ~""ember 

Left 
Frame Member 

500 

200 300 400 500 

Time (Milliseconds) 

Figure 22, Transverse Accelerometer Data, Test B 
(80 HZ Low-Pass Filter) 

600 

600 



Q) 
() 

H 
0 
~ 

1000 

500 

0 

0 

-Impact 

100 200 300 400 

Time (Milliseconds) 

Figure 23, Lap Belt Data, Test B 



"' 
LlO --

b{) 
'-" Right 

to: 
0 +-Impact Frame Member ..... .., 
"' 1-l 

0 (1J 
.-i 

(1J 
u 
u 
~ 

.-i 

"' to: ..... 
"0 -10 ;::l .., 
·r-1 
b{) 
to: 

\n~~ I~ 
/ 

r\ "1\ v 
~ vvv 

0 
....:l 

-20 

0 100 200 300 400 500 600 

-1-- +10 
~1 ,.-... 

[J) 

b{) Left 
'-" -Impact Frame Member 

to: 
0 ..... .., 
"' 0 
1-l 
(1J 

.-i 
(1J 
u 
u 
~ 

.-i 

"' to: 
•r-1 -10 
"0 
;::l .., 

•r-1 
b{) 
to: 
0 

...:! 

-20 

0 100 200 300 400 500 600 

Time (Milliseconds) 
'""':! 

Figure 24' Longitudinal Accelerometer 00 Data, Test C N 

(80 HZ Low-Pass Filter) N 



.,_ 

2000 

1500 
,...._, 

(fJ 

..0 
rl 

llJ 1000 
u 
H 
0 .p- ~ ~Impact ao 

500 

0 

0 100 20() 300 400 

Time (Milliseconds) 

Figure 25, Lap Belt Data, Test C 



40 

30 

,...... 
fJJ -t>t 

'-" 

!=: 
0 .,., 
+J 

20 
.p- ell 
\.0 ,... 

Q) 
rl 
Q) 
(.) 
(.) 

1\ I 
<>: v 

10 \ ~ (\/'\ 

\J \ \)\ 
) :~ 

~- ~ ~ 0 

0 100 200 300 400 500 600 

Time (Milliseconds) 

Figure 26 , Resultant Acceleration of Dummy's Head 



TECHNICAL ;r.EHOR/\.:!DU:1 505-16 

Texas Transportation Institute 
Texas ,\&H Research Foundation 

FEASIBILITY OF CONCRETE PIPE C~'..SH Cl'SHIONS 

l\ Test And Evaluation Report On Contract No. CPR-11-5851 

U.S. Department of Transportation 
Federal Highway Administration 

by 

~1. A. Pittman 
Research Associate 

D. L. Ivev 
Research Engineer 

and 

T. J. Hirsch 
Research Engineer 

This crash test and ev2luation \,'as conducted under the Office of 
Eesearc!J and lJeveJ opElent, Structural and .-\pplied ''lechanics Division's 
Research Program on Structural Systems in Support of Higlnvay Safety 
(4S Program). 

The opinions, findings, and conclusions expressed in this report 
are those of the authors and not necessarilv those of the fecleral 
Higlli-Jay Administration. 

July 1971 

F.825 



llnc fLtll-scale vchLcJc crash test ,.:a;c conducted on a system com-

posed of reinforced concrete sewer pipes embedded 4 ft-3 in. in the soil. 

Thi"' c-r-ash cusld_on is shm,'n in Fig,ures l and 3. The results of this 

c r aslt tes L are pres en ted in th Ls rcpo rt. 

Pcndu1 um t<c.sts 'ven' conducted by the Soutrn·!est R<'scarch Institute 

l ;, 
(S,.'ni) on various transite, vi_trific'd c:lay, and concrete pipes (sec 

Table 1). The purpose of these tests \Vas to acquire force and energy 

dat:1; and thereby determhll2 the feasibility ol crash cushions constructed 

i_[,,~ rc:;dil avail0Llc malcriills mentLoncd ahOVL'. These crash cushions 

I d he· econc;n;i c:al and easy to ins tall at ground level sites. A rein-

! c-'rcL'd nmcrete se1.ver pipe t(oc;ted by SvolU (30 in. O.D.) h'as chosen for 

u:'·' in t:1L' i>rototypc crash cushion lvhich \vas buUt and tested at TTL 

Tli~, ;>ipcs u,sed in the crash cw-;hLon and the pipe tested hy SwRI had lhe 

uneu;c:ript numbers 
titi '· rc,port. 

to corresj''.>nding 

') 

reference.~ at the end of 
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TABLE l 

PIPE DIMENSIONS 

(After 'lichie and l3ronstad1 ) 

Tl'st 
t\umb0r ~·!aterial 

l Transite Class 2400 

2 Transite Class 2400 

3 Vitrified Clav 

4 Concrete' St'wer Regular 

5 Concrete Se\ver Lxtra Strong 

6 Concrete Sewer Extra Strong 
(rei nforet'd) '" 

·'· 

O.D. I. D. 
_(in_:]_ j_in:l_ 

ll. 4 10 

20.3 18 

21. 5 17 

23.0 18 

30.4 24 

30.0 24 

Height 
Above 

Length Grade 
(in.) j_in.) 

66 30 

66 30 

63 30 

51 24 

51 24 

7.5 24 

nReiuforcement was 3 x 8-6/8 welded wire fabric. The 8-ga wires were 
longitudinal, and the 6-ga \vires \·~ere circumferential. 
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TABLE 2 

PENDULUM TEST RESULTS 

(After Michie and Bronstadl) 

Impact Pulse Fracture Vel0city Peak 
Velocity Duration Energy Change F0rce 

Test (VT, fps) ~msec:l i_KE , __f_!_- k i_tsj_ _(:yi_L fpsl _Q'_~_ps l_ 

1 29.3 2.8 l. 64 ~)" 4/+ 22.6 Transite (20.0 mph) 

2 29.8 4.2 3. 78 0. 9] 40.7 Transite (20.4 mph) 

3 28.1 2.5 5.35 1.34 70.6 Vi trided Clay (19. 2 mph) 

4 28.4 2.5 5.50 l. \9 79.5 Concrete (19.4 mph) 

5 28.6 3.2 6. 72 1.71 78.5 Concrete (19.6 mph) 

6 29.0 3.8 8.58 2.16 B2.8 
Jlcin f ~ Concrete (19. 8 mph) 

Pendulum \Jeight 2300 lhs 

6 
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l:L\RF.HR DESCldPTIO:\ 

Sixtcten rcinforced concrete~ sel-.'er pipes ,,,Pre arranged in five ro,,Js 

('3 rm-Js, ~pipes ide; Clncl 2 rmvs, 2 pipe:c; Fide) as shown in Figure l. 

Tllc· fLrst 4 rm:s ,_,ere 10 rt i.lpdrt (center to centc·r). The last ro'-'' uas 

onlv 5 ft behind ttH: ro;,; prccc~clin.''. it. The pipes '·}L'-Y~ 

(ccntci Lo Cl'Otcr) L.!tc•rallv. These• reinforced concretco pi_pcs bad 

an outsLde diameter of 30 in. and a length of 75 in. The reinforcement 

,,,as 3 x 8--6/8 '.-:clded \-iire fahric. The 8--ga. '.vires 1·1ere longitudinal, 

4ft 3 in. in the soil and the interior of the pipes 1-:3s fiJJ2d ,,lith 

soil to ground level. Details of a single p are shm•"n in Figure 2. 
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For this te.st, ti.'U str·:tin--gage-tv;)(' accelcorometers ,,-ere ~muntecl on 

rLght. 

_,\ tr i ~-ax_i_n 1 

( Tmpact-0--C:raplt) 

This dc·vicc 

i:J" i_ '·.'ils fastened across the 

.\ str lln-- lc,·ld cc ll :as connL·ct:ec! to tl1e 

;- i !J\ in 

inslrutnL'nt,Jt i~)n~ 

Fk~t' ttlgh-sfH::'t:>d films had timing 

side of thl vehicle V:J 

in~ 'J t r~JVC 1~ 'J, ·rl' nk'<iSll rt_·d 

011 ~l \':1~1 ,J·~r .. , '::•Lf(~l1 II:;] '.' !c ,. L. 

t!J,• L i 111 .•-di ;;_,_'I_.H'!1t - .. 
( l f) l 'LL, 



Tl.ST TJ:~SCRJP'I'IO~ 

.\ J'J )I) lh Chevro h· t i.Jnp act cd the s ys tcm hcad·-on .:1 t a speed of 

1:. 

ramped, !Jec;:um' airborne, and finally came to rest on top of the third 

rcn·o ,,f pir•c·s (sel' Fi:•.ure 3). 

:ch;•ttcrvd and tl1e :.;oil \vas disturbed '.vlwn tl1e pi.pes lwg:cm to tilt in 

t:L· :~ruund (sc·E Figurv 4), but thr• rest of tiJe systcr<l remained int::tct 

:md sus t:<li 1wd 1 i. tt lc damage. Average longiti!Clina1 deceleration [rom 

tile• l'ilm \vas 9.2 ~~·s DVl:r 4.J ft of travr"L and 0.1.05 :;ec (accelerometer 

trace:o shc1•:.ed no si:-;nificant longitud·i.nal forces on tlte vehic:le after 

this time). ,\]though vertical accelerations 1vere obviously significant, 

tlwy h'CrL' not dcc>termined. VehiclE' H:ls moderate, \:ith a frunt-Pnd 

deformation of 1.3 ft . 

. \ sumr~arv of the pertincnl: data obtained is presented in TablE' 3. 

Time·-dispLlCt'mc'nt data from the' high-speed films an' given Ln Table 4, 

and reproductions of the acL:elerorr~eter forl'<' traces are shm·m Ln figure 6. 
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TABLE 3 

Sillfr1ARY OF DATA 

Test 505 CP-A 

VEIIICLE 

Year 
}lake 
1veight, lb 

FlU! DATA 

Initial Speed, fps 
mph 

Final Speed~ fps 
mph 

Distance traveled;' ft 

Average Deceleration, g's 
(V l - vi ) I 2gS 

Duration,''' sec 

Initial Kinetic Energy, 
Kip-ft 

Final Kinetic Energy, 
Kip-ft 

ACCELEROl'!ETER DATA 

·'· 

Maximum Deceleration, g's 

,\verage Deceleration, g's 

Time, sec 

Residual Front 
Deiormation, ft 

1963 
Chevrolet 
3950 

59.4 
40.5 

31.7 
21.6 

4.3 

9.2 

0.104 

216.5 

61.6 

20. 37d' 

6. s''d 

o.] 04 

1.3 

"Taken when accelerometer pulse goes back to zero. 
**Average of right and left frame members. 
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-21 

·-10 

HIC!l-Sl'FT:D FJU[ DXL\ 

Test 505 CP-.\ 

DisplacccElc>nt 

~ ____ lf t >-~~ ~ 

~~ I . 8 6 

0 Impi.ict 

21 

42 

63 

84 

104 

125 

146 

16 7 

188 

2()8 

229 

250 

271 

15 

0.96 

2.02 

2.85 

3. 3 7 

4.95 

5.1)] 

6.18 

-, 
Ul 
r 

c,.., 

r,.89 _j 

7.52 

8.15 

8. 72 

9.26 
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DI SCUSSlON 

As discussed previously, thl" enc"rgy losses during the pendulum tests 

were much lower than those' losses expected in a vehicle crash test. In an 

effort to gain some insight from the pendulum tests, it was estimated that 

the impact force during a veh iclc col1 is ion would vary in direct proportion 

to the amount of vehicle front end crusl1, finally reaching the maximum 

force observed in the pendulum test. The slope of the unit force or accel-

eration versus crush distance graph is defined as the crushing coefficient. 

Ed,,·ards, et a1 2 and J:mori 3 have shmvn that the crushing coefficient of the 

front end of a vehicle varies from 9 g's/ft* to 12.5 g's/ft**. A crush-

ing coefficient of 10 g' s/ft, 1vhich is uithin the above range, was the 

assumption used in the following computations .t If tl1e \·!eight of an impact-

ing vehicle is 4000 lb, then the crushing coefficient in kips/ft is: 

10 g's/ft x 4000 lb 40,000 lb/ft 40 kips/ft. 

If the pipe fractured under the same maximum force in a vehicle test 

as it did in a pendulum test (approximately 80 kips), it would be necessary 

to crush the front end of a 4000 lb vehicle 2 ft: 

Crushing Distance ___§_Q_ ki~ 
40 kips/ft 

2 ft. 

The total energy expended in crushing the vehicle front end under 

these assumptions \vould be the area under the force versus crushing dis-

tance curve which is shoun in Figure 7. The area under this curve is: 

F X d 
E 

_m ___ _ 
2 

SO kips x 2 ft 
2 

*Based on impacts uith rigid poles. 
>'<>'<Based on impacts with flat rigid walls. 

80 kip-ft. 

·rAnother reference which \vas pointed out to the authors at the later date gave 
a crushing coefficient of 5 g's/ft determined by frontal collision with a 
14.5 in. diameter pole. This reference is: McHenry, Ray, et al., Cornell 
Aeronautical Laboratory, Inc., PB 175 919, pp. 62-68. 
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Therefore, during <Jn impact 1dth the firc;t ti,'O pipes, it 11as estimated 

~1at the energy lost would he 160 kip-ft. 

The~ foLlm·Jing computations show that our original estimate of energy 

loc;s dulc' to front end crw;h \v<Js somc1vhat high. Since the residual front 

f'ncl crush from Tal1lc 3 is l. 3 ft, th0 dvnamic crush h'as estimated to be 

1. ') ft. From the above, the maximum force clue to each pipe jn thE~ first 

slope x crush distance 

The total vehicle crushing energy loss is: 

F X d 
_j]L __ _ 

? 
6_()__!_i p s __ ;,:_]_._5_ f t 

2 

40 kips/ft x 1.5 ft 60 kips. 

45 kip-ft. 

Tlte'rl'furc, for tvJO pipes, thlc' vehicle is expected to absorb 90 kip-ft. 

Tlic: act11al energy loss after 4. 3 ft of vei1icle travel 1vas 155 kip-ft. 

This lvaves 65 kip-ft of cnc'rgy to be <~cc01mted for--in fragmentation and 

acl·elc>ratJon of nipes, deformation of the soil, abrasion of pipe fragments 

:1gainst th~ under side of the vehicle, ramping of the vehicle, a11d in-

accuracy in e.st imating energy lusses due to Vlc'hicle front end crush. 

,\nulher con:~idvration 1vhich \vas felt to be of great significance in 

tl1e design oC d cushion i.s the fact· that the crushing characteristic of 

llte front end of tile vc1hicle does nut remain constant, but should increase 

aftc'r c:tch rm·J of pipe' is encotmten'cl. .\s the crushing coefficient in-

c·reases, the puls<.: duration Cor each ro1v' uf pipe should decrease, resulting 

in a decrease in the erwrgv lost during e~>ch nc'\v pipe impact. Since severe 

ramping occurred durine'; impact tvi th Lite first ro1v· of pipes, thC're \vas no 

F.843 
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indication of the magnitude of the assumed change in the crushing c!Iaracter

istic of the vehicle front end or of tl1e decrease in amount of energy lost 

during subsequent impacts. 

20 



CONCLUSIO:'\ 

Since the reinforced concrete pipe tested gave a maximum decelera

tion of approximately 20 g's, and an average deceleration of approximately 

9 g' s, it \·JOuld be desirable to reduce these deceleration levels in any 

subsequent tests. A better selection of pipe might be the transite 20 in. 

O.D. pipe which was used in Test #2 in the report by Michie and Bronstad. 1 

TI1is should reduce the deceleration levels to approximately 5 g's average 

and 10 g's maximum. By reducing the force level developed by each row of 

pipe, the ramping tendency should also be reduced. Whether or not this 

ramping tendency can be reduced to a level \vhich would make this type of 

cushion feasible is a matter of speculation. 

lt was shown that concrete pipe crash cushions have the capability 

of absorbing enough kinetic energy to stop a vehicle in a reasonable 

distance, and thus should be considered a definite possibility for 

development. 

21 
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HTPODUCTIOK 

The '!odular Crash Cushion, after extensive experimenLJl crash 

. 1 2 3 4 6 5 
test1ng ' ' ' and as evidenced by field crash data, ' has pcoven 

to be 2 practical, economical, and aesthetically pleasing crash 

cushion for protecting certain rigid roadside obstacles. 

This report presents the calculated static crush energy and 

the calculated static average load values obtained from the static 

load versus crush distance test data for two types of modules, 

55-gallon steel drums and corrugated steel pipes. TI1e calculated 

static crush values can be used in the design and construction of 

modular crash cushions. 

1 



OBJECTIVES 

The general objective of this study was to obtain crush data 

for several types of modules which could be used in the design and 

construction of the modular crash cushion. At present there are two 

design pltilosophies for modular crash cushions. One philosophy, 

called "monomodular",
6 

results in a cushion which utilizes only one 

type of module and has a varying number of modules in succeeding rmvs 

to give an increasing crush strength during a head-on coliision 

(Figure 1). The other philosophy, called "polymodular",
8 

utilizes 

several types of modules to achieve the increasing crush strength in 

succeeding rows of modules while maintaining a constant cushion 

width (Figure 2) . 

The specific objective of the tests on used 55-gallon loose-head 

paint drums (ICC Spec. l7E and l7H) was to determine how they could 

be modified for use in a "monomodular" crash cushion desi[>:n.
9 

The 

desired values of static load and energy are listed below and were 

based on the crush characteristics of the 20-gage drum commonly used 

in "monomodular" designs: 

l. a first peak load between 6000 and 9000 lbs., 

2. an average load of 5000 to 6000 lbs. for 18 inches of 

crush, 0nd 

3. a crush energy of 7500 to 9000 ft.lbs. for 18 inches 

of crush. 

The two types of used paint drums tested were ICC Specification 

l7H 0nd l7F (~10DIFIED). The l7H drum is shmm in FLgure 5 and the 

17E (~10DIFIEil), a 17[ tight-head drum that has been converted tn a 

loose-head drum, i_s shmvn in Figure 6. 

2 
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The specific objectiv£' of the 20-gage drum tests cvas to obtain 

actual static load data for each inch of crush so that the average 

static load and static crush energv could be calculated and used for 

"poJymodular" crash cushion design. The drums tested cvere all of 

55-gallon capacity, made of 20-gage steel, and of tigl1t-head design 

with various size cutouts in the head and bottom to give different 

crush strengths. The five cutout geometrius that were tested included 

t'\vel ve 3 inch diameter holes, one l!+ inch diameter hn le, one 8-1/4 inch 

diameter hole, one 2-l/4 inch diameter hole, and one 3/4 inch diameter 

hole as shown in Figure A3 in the Appendix. 

The specific objective of the tests on corrugated steel pipe was 

to obtain dota needed for "polymodular" crash cushion designs. The 

various diameters and gage thicknesses of corrugated steel pipes that 

were tested are listed in Table l. These specimens were of lock seam 

construction with radial corrugations. Specimens of helically wound 

corrugated pipe were tested hut are not included in this report 

because they did not crush symmetrically (see Figure 3), and were 

thus deemed unfit for crash cushion use. 

TABLE l. CORRUGATED STEEL PIPE SPECI~lliNS TESTED 

Wall 
Thickness 

(ga.) 

16 

14 

Nominal 

36 l:~o 
36 I JO 

___ 12----L-~~-J~o 
5 
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1 
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1 
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1 
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l1 

l1 

l1 

l1 

l1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 
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PROCEDURE 

The module crusher is sh<J'.,:rn in Figure 4. Seven hydraulic cylin

ders of 40 kip capacity and with a total stroke of 35 inches provided 

the crush force. A 20 kip capacity transducer was mounted between 

the cylinders and the movable platen. A digital readout strain indi

cator was calibrated to read one microstrain per pound load from the 

load transducer to simplify the data acquisition and reduction. A 

steel tape secured to the load frame directly above the movable platen 

and a pointer attached to the movable platen indicated crush distance. 

Load readings were hand recorded at every inch of crush displacement. 

An electrically powered, variable fJ mv rate pump provided pressunc to 

tl1e cylinders and was calibrated to advance tl1e movable platen approxi

mately 1/2 inch per minute. 

The used paint drums were modified by cutting a 13.5 inch diameter 

hole in the head and bottom of each drum and welding the loose-heads 

to the rims with eight equally spaced 1 inch beads (every 9-3/8 inches 

or 45° spacing). The drums \vere then placed bet\veen the ja\vS of the 

crusher as shmvn in Figures 5 and 6. Figure 7 sho"s a partly crushed 

drum, Figure 8 shmvs a prior guidance setup for movable ja\v vhlch 

allowed cocking of jalv, and Figure 9 shows a drum after 20 inches cf 

crusl1. Drums with smaller diameter holes were tested but are not 

included in this report because the crush loads \vere much too high. 

The corrugated steel pipes 1vere placed in the jaws of the crusher 

with the riveted seam at an approximate 45° angle from the diameter 

bet\veen the points of contact witll the jaws. The crushed pipe in 

7 
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Figure 10 indicates the location of the seam with respect to the plastic 

hinp:ec; that form during the crushing procedure. 
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FIGURE 7. PARTIALLY CRUSHED DRUM SHOHING TYPICAL 
MODE OF FAILURE. NOTE VEE-TRACK w1fEELS. 

FIGURE 8. PRIOR SETUP AS USED ON TEST OF TVlELVE 3" 
DIAHETER HOLE DRUHS. SEE TABLE A8 IN 
APPENDIX. NOTE COCKING OF MOVABLE JAH. 
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FIGURE 9. DRUN AFTER 20 INCHES OF CRUSH. 

FIGURE 10. FULLY CRUSHED CORRUGATED STEEL PIPE 
SHOHINC LOCATION OF SEA."1 HITH RESPECT 
TO PLASTIC HINGES. 

11 
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RESULTS 

A sun:mary of the used paint drum test results and corresponding 

va.lues of the standard "monomo<iular" drum (20-gage steel with '3-l/4 

inch holes) is shmvn in Table 2. The test results are well within 

thl' ranges des i reel. The test data are listed in Table Al and plotted 

in Figure Al, both in the Appendix. 
9 

The 20-sa;:;;e drum crush tests are summarized in Table 3. The data 

are listed in Tables A2 through A7 and plotted in Figure A2, both in 

the Appendix. Any of these drums can be used \>Jhen the cushion design 

is based em the "polymodular" philosophy, the 7 inch and the 3-l/ 4 inch 

drums being usable in either the "monomodular" or "polymodular" design. 

Table A8 in the Appendix presents data for the twelve 3 inch 

diameter holes in drum top and bottom that were obtained with a less 

accurate secup than is presently used. Comparing Figures 7 and 8 

indicates the oJd system (Figure 8) allm,;red cocking of the movable jaw 

and thus did not give as accurate results as the new system (Figure 7) 

which provides positive guidance of the movable jaw. 

Table 4 presents a summary of crush test results for corrugated 

steel pipes HhL:h can be used for "polymodular" crash cushion design. 

Tables r\8, 1\9, and AlO list the test data; and Figures A4, AS, and A6 

present plots of the data, both in the Appendix. 

12 
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TABLE 2. SU~~y OF PAINT DRUM TEST RESULTS 9 

First Peak Load 

Crush Energy @ 18 inches 

Average Load for 18 inches 

>'<With 13. 5 in. diarn. holes. 
*>'<\Hth 8. 25 in. diarn. holes. 

17H>'< 

7870 lbs. 

8531 ft.lbs. 

5687 lbs. 

17E (NOD);, STANDARD 20 GAGE''"' 
CRASH CUSHION DRD:' 

6860 lbs. 7510 lbs. 

8267 ft.lbs. 8686 ft.lbs. 

5511 lbs. 5791 lbs. 

TABLE 3. SUMMARY OF 20 GAGE DRUM TEST RESULTS 

Hole Crush Energy Average Load 
Configuration @ 18 inches @ 18 inches 

(ft.lbs.) (lbs.) 

Twelve 3" Dia. 3,007 2,005 

One 14" Dia. 4, 718 3,145 

One 7" Dia. 8,686 5,791 

One 8-1/4" Dia. 8,573 5,414 

One 2-1/4" Dia. 10,362 6,908 

One 3/4" Dia. 11,857 7,905 

13 
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TABLE 4. SUMMARY OF CRUSH TEST RESULTS FOR 
CORRUGATED STEEL PIPES 25.5 IN. LONG 

lnia. Weight 
Crush Crush Avg. 

(in.) 
Gage. 

(1bs.) Distance Energy Force 
(in.) (ft-1bs.) ( 1b s.) 

8 16 16 6 4,287 8,574 

12 16 20 9 5,251 7,001 

15 16 25 12 5, 779 5, 779 

18 16 29 15 5,986 4,789 

21 16 34 18 6,192 4,128 

24 16 40 21 6,021 3,441 

30 16 49 27 6,152 2,734 

36 16 58 33 7,038 2,559 
----------------------------------------------------------------

12 11+ 24 9 7,848 10,464 

15 14 30 12 7,205 7,205 

18 14 35 15 8,402 6,722 

21 14 41 18 8,262 5,508 

24 14 48 21 7,473 4,270 

30 14 60 27 8,837 3,928 

36 14 72 33 9,884 3,594 ' 

----------------------------------------------------------------
24 12 65 21 11,985 6,850 

30 12 82 27 12,675 5,633 

36 12 99 33 14,077 5,119 

I 

i~--- -~----- ------~~-----------------

14 
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CO?-JCLUSIONS i\ND RECOW!ENDATIONS 

The used paint drums should perform adequately \vhen used in a 

"ilt<'llo.Fnodular" cr:1sh cushion if a 13.5 inch diameter hole is cut in 

the' head ilnd bottom and the loose head is attached \,'ith eight 1 inch 

\velds cquallv spaced around the rim. It is recommended that the 

(:nUr~c• cushion be made of alll7H, alll7E (MODIFIED), or all stan-

de1rd 20-gagc tight-head drums because o[ diametral and longitudinal 

clic1ens Lon var lations bet\veen the three types of drums (Figure A2). 

1\lso, the bolted connector that spans the Iims_ of adjacent standard 

t t--head drums will not fit the top rims of either the l7H or l7E 

('!(IDIFIED). The bolted connector that joins the. l;l_odies of adjacent 

d ! ! • ll f • f ! L d • d • 1 9 
rums, t wug 1, '" l J_ t any o t 1e tilree rums men t cone prev lO' .. s y . 

TI1e 20-gage ~rums listed in Table 3 show nominal average load 

values of 2000, 3000, 5500 (includes 7 inch and 8-1/4 inch diameters) 

and 8000 lbs. for 18 inches of crush. These drums provide an adequate 

variety of av2rage loads and crush energies so that the entire 2000 lb. 

tu 4500 lb. range of passenger vehicle weights will encounter a sur-

vivab]e deceleration environment upon impacting a properly design 

;Jolvmodular crash cushion. When designing a polymodular crash cushion 

it is recommended that the cushion be designed first for a 2000 lb. 

vehicle; d1en add rows for a 2750 lb. vehicle, for a 3500 lb. vehicle; 

and finally for a 4500 lb. vehicle. 
8 

It is also recommended that the 

drum 1vith the 8-1/4 inch diameter hole be used in lieu of the drum 

~ith the 7 inch diameter hole, whether for a monomodular or polymoduJar 

design, because the larger diameter hole allows installation of the 

15 
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6B8.5 skid post from the top side of the cushion (see Figures 1 and 2) 

and the load and crush energy are very close to being the same. This 

also decreases the cost of stocking t\vo different drums of the same 

capacity. 

It should be noted that the average load is not a linear function 

of hole diamL'tcr (1nninly due to mode of failure differences), thus 

it is recon1'Ticnded that only the diameters suggested herein be used. 

Also, the use of the data in Table A2 is recommended instead of that 

in Table AS due to better accuracy. 

A "polvmodular" crash cushion utilizing only corrugated steel 

pipes instead of dru~s has been designed and is presentlv undergoing 

experint~'ntal crash testing. Corrugated steel pipes have been success-

fullv 11coed as energy dissipaters at the rear of the polv~odular cushion 

shown in Figure 2. Also, the corrugated steel pipe data have been used 

. 1 . . ] . [ . . l . d . 1 lO 1n a pre 1m1nary ues1gn or an 1mpact attenuat1ng Jrl ge ra1 . 

Thus, the corrugated steel pipe has a rroven usc as a supplemental 

energy dissipator in polymodular crash cushions using drums as the 

primarv energy dissipator and shoiVs promise as the primarv energy 

dissipator in a modular crash cusl1ion and in an impact attenuating 

bridge rail. 

16 
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TABLE Al. CRUSH TESTS OF 55 CAL. STEEL LOOSE HEAD DRUHS. 
LOOSE HEADS lvELDED 1" EVERY 9 3/8" (OR 45°) 
13 1/2" DIA. HOLES CUT IN HEAD & BOTTOi'I TYPES 
TESTED: lCC SPEC. l7li & 17E (HOD.) 

~--·---------------~-~------------~-~--~---

' Crush 
Distance Load 

, (inches) (lbs) 
f--~----------- -----~-----~------------~, 

1 
l7E 17H 

0 0 0 

1 6860 7680 

2 6860 7870 

3 6710 7300 

4 6640 7680 

5 5160 4900 

6 5540 4260 

7 6010 4250 

8 5050 4480 

9 4360 5160 

10 3710 4990 

11 3580 5370 

12 4240 6270 

lJ 4850 4040 

14 6600 4230 

15 6530 5020 

16 5760 5770 

17 6230 8110 

18 9030 10,000 

19 13,230 12,180 

20 17,580 17 '010 
--·---.. -~-------
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CRUSH 
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TABLE A2. DRUM CRUSH TESTS 
GUAGE - 20; \JLlCiiT L2 LBS. 

TWELVE 3" HOLES 

ACTUAL ENERGY 
LOAD (ft-1bs) 

3,965 165 

1,795 203 

1,930 560 

1,805 716 

1,765 865 

1,625 1,006 

1,585 1,140 

1,465 1,267 

1,440 1,391 

1,435 1,514 

1,210 1,625 

1,300 1, 729 

1,290 1,837 

1,335 1,947 

1,600 2,069 

2,900 2,260 

4,565 2,575 

5,810 3,007 

6,920 3,538 

8,855 4,195 

14,915 5,185 
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AVERAGE 
LOAD 

1,983 

2,432 

2, 242 

2,148 

2, 076 

2,012 

1,954 

1,900 

1,855 

1,817 

1, 772 

1, 729 

1,696 

1,668 

1,655 

1,695 

1,818 

2,005 

2,234 

2,517 

2,963 
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HOLE CONFIGURATIONS: 

$ TWELVE 3" 
' 

DIA. 

0 ONE, 14
11 

DIA. 

8 ONE, 8Y4" DIA. 
16 0 ONE, 7'' DIA. 

EJ ONE, 2Y4' DIA. 

14 0 ONE, 314" DlA. 
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10 
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Q. 8 
~ -
0 6 
<t g 

4 

2 

0 2 4 6 8 10 12 ~ 16 18 20 22 24 

CRUSH DISTANCE (in.) 

FIGURE A3 LOAD vs CRUSH DISTANCE FOR 20 go. DRUMS WITH 

VARIOUS HOLE CONFIGURATIONS 

II 

3 DIA. 

7 Y2" RAD. 
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CRUSH 
DISTANCE 
(inches) 
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TABLE A 3. DRU! CRL:SH 1 i 
GAG[- 20; h'EH;H'r- 32 LJ:)2;. 

ACTL~AL 

LOAD 

4,485 

4,345 

4,240 

4,435 

3,035 

2,455 

1, 77 5 

1,910 

2,445 

2,295 

2,095 

1,650 

1,765 

2,200 

2,680 

4,170 

6,295 

8,680 

11,61 5 

12,L>20 

Dlr\. 14" 

r:l\EEC:Y 
(ft-1bs) 

187 

55J 

'Jll 

l, 27!.. 

1,585 

1,814 

l, 990 

2, 14L+ 

2,325 

? '_':<25 

2,706 

2,862 

l, li04 

3' 1 () ~J 

3,37) 

l' 658 

4' 0911 

4, 718 

5, 56!+ 

6,565 

,\\'LEAr;E 

LCt\D 

3,329 

:l,b5() 

3, 1l05 

3, 622 

3, ir12 

3,L'l6 

3, ill() 

1,027 

2 l'' ') 
'I 'J:J:. 

2, Sb~' 

2, 77 l 

~2' 717 

2 .. 69~ 

') II I 

,_' 1'14 

2,K9Cl 

5,145 

\,51 4 

l, 9 39 
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CRUSJI 
DIS L\:JC£ 
(inches) 
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TAJjLE ,\4. Dl\lJ.'! CRUS II TLSTS 
c;AGE -- 2U; \.'EIC:HT - 33. l LJ:S. 

(l;~r: 7" !lULl: 

,\CTLI.J 

LOAD 

4' ;2if() 

7,510 

5,845 

6,645 

6' 7[)5 

7,320 

7 '010 

6,895 

6,795 

5' )7() 

4,9')() 

4,bJS 

4, b6L) 

5,000 

5, J 3 'l 

5,520 

6,160 

7,495 

7,680 

9,040 

10,945 

16,02() 

c;c.ru:Y 
(JL-Lh,;) 

L77 

hf,6 

l ')) ., 
'~--) 

1, 7 1d 

,JCJJ 

2,891 

3,488 

4, Dl1 7 

4, b lo 

5'] ~~) 

5,S75 

),074 

h, 3G1 

(J, 7 ()!; 

7,186 

7 ,6.30 

8,117 

t-3' Ggf> 

9, 3Hl 

10,015 

10,848 

ll , 9 71 

----------------~-----
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LClAD 

2' J 20 

3' 49:-; 

4,891 

5,230 

5' 527 

5, 781 

5,979 

6,101 

6,Hi4 

6,174 

6, Ll81 

5,974 

5,872 

5, 798 

5, 749 

5,726 

5, 730 

5,791 

5,885 

6,009 

6,199 

6,5.30 
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TABLE AS. DRUM CRUSH TESTS 
G~~E- 20; WEIGHT - 33.3 LBS. 

ONE 8 1/4" HOLE 

ACTUAL ENERGY 
LOAD (ft-lbs) 

5,895 246 

5,990 741 

5,850 1,234 

5,530 1,708 

5,885 2,184 

4,845 2,631 

4,800 3,033 

4,565 3,423 

4,360 3,795 

3,515 4,123 

3,595 4,419 

4, 725 4,766 

5,525 5,193 

5,635 5,658 

6,235 6,153 

6,385 6,701 

7,225 7,246 

8,045 7,882 

8,530 8,573 

9,540 9,326 

14,465 10,326 
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AVERAGE 
LOAD 

2,948 

4,445 

4,935 

5,125 

5,242 

5,262 

5,199 

5,135 

5,060 

4,948 

4,821 

4,766 

4,794 

4,850 

4,922 

5,009 

5,115 

5,255 

5,414 

5,595 

5,900 
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TABLE A6. JJEU:-1 CEUSH TESTS 
GAC;l: -- 20; ;,!_I CL l JJ. :.J LBS. 

ot~E 2 1/4" HOLE 

ACTUAL 
LOAD 

5,585 

7,600 

7,545 

7,315 

6,560 

7,820 

6,765 

6,465 

6,555 

5,765 

5,905 

6,295 

5,990 

6,445 

8,565 

10,055 

11,895 

10,720 

13,880 

15,965 

25,325 

27 

ENERGY 
(ft-1bs) 

233 

782 

1,413 

2,032 

2,610 

3,210 

3,817 

4,369 

4' 911 

5,224 

5, 911 

6, {;19 

6,931 

7,449 

7,806 

8,582 

9,420 

10,362 

11, 387 

12,630 

14,351 

AVEiu\GE 

LOAD 

2,79] 

4,691 

5,653 

6,097 

6,265 

6,419 

6,51+4 

6,553 

6,51'.8 

6, 510 

6,448 

6,419 

6,398 

6,385 

6,245 

6,4% 

6,649 

6,908 

7,197 

7,578 

8,200 
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CRPSH 
DISTA:-JCE 
(inches) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Ll 

14 

15 

16 

17 

18 

19 

20 

T,\JlLF A 7. DRl'H CRrSH TESTS 

G,\Gl: - 2U; \d~lc;Hr -- 33.6 LBS. 

0::\[ 3/4" HOLE 

ACT1JAL 
LOAD 

5,820 

6, 710 

7,590 

7,175 

7,910 

7,900 

7,165 

7,640 

6,585 

6,980 

7,915 

7,390 

7,875 

9,030 

9,930 

10,865 

11,185 

13,245 

17,095 

21,600 

u;EFCY 
(ft-lbs) 

243 

765 

1,360 

1,976 

2,604 

3,~63 

3,891 

4,508 

5,100 

5,665 

6,286 

6, 924 

7,560 

8,264 

9,054 

9, 921 

10,892 

11,857 

1l, 122 

14,734 

AVERAGE 

LOAD 

2,910 

4,588 

5,442 

5,927 

6,250 

6,526 

6,670 

6,761 

6,800 

6,799 

6,858 

6' 9 2!+ 

6,978 

7,084 

7,243 

7, 4Ld 

7,688 

7,005 

8,287 

8,840 

-·-----~---·-- -~·--------------~ --- --------~-~--------~---- ------
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TABU A8. DRUH CRUSH TESTS 
CAGE - 20" \-JEIGHT - 32 LBS. 

niELVE 3" HOLES 

NOTE: This test \vas performed \·Jith test apparatus shown in Figure 8. 

CRUSH 
DISTANCE ACTUAL ENERGY AVERA.GE 
(inches) LOAD in 1bs. ft-1bs. LOAD 

0 

1 2,425 1,213 101 1, 213 

2 2, 715 3,783 315 1,891 

3 2,505 6,393 532 2,131 

4 2,595 8,943 745 2,236 

5 2,245 l1' 613 968 2,323 

6 2,740 14,355 1,196 2,393 

7 2,675 17,063 1,422 2,438 

8 2,195 18,583 1,549 2,323 

9 2,400 19,966 1,664 2,218 

10 2,780 22,556 1,880 2,256 

11 2,735 25,314 2,109 2,301 

12 2,530 27,946 2,323 2,323 

13 2,170 30,296 2,525 2,331 

14 2,425 32,594 2, 716 2,328 

15 2,075 34,844 2,904 2,323 

16 2,165 36,964 3,080 2,310 

17 2,325 39,209 3,267 2,306 

18 2,765 41,754 3,479 2,320 

19 3,555 44,914 3,743 2,364 

20 4,360 48,871 4,073 2, 441+ 

21 6,055 54,079 4,507 2,575 

22 13,420 63,816 5,318 2,901 

29 
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TABLE Al). DATA SHEET FOR CRUSH TESTS OF 
16 GAGE CORRUGATED STEEL PIPES 

~---=}; Load 
!Crush Distance (lbs) 

(in.) --

E~ I 12"r;, 15"~ 21"~ 

~ 
I 
! 1 7810 6108 4850 3398 

') noo 6108 5130 !f248 

3 7380 5954 5058 4248 
4 6970 5630 4908 4224 

5 6700 5322 4702 4132 

6 6380 5262 4520 irOOO 

7 6520 5280 4382 3845 

8 9450 5445 4351 3761 
9 8200 5393 4354 3690 

10 17 '160 6432 4452 3722 
11 7560 4665 3765 
12 9218 5015 3826 
13 14,919 5522 3968 

14 6308 4186 
15 7242 4538 
16 11,655 4950 
17 5606 

18 7264 
19 12,618 
20 
21 
22 
23 
24 

25 
26 

27 
28 
29 

30 
31 
32 
33 
34 

33 

F.880 

24",; 30" < 1!6" ~ 

2960 1660 1:310 

3566 2550 1920 

3665 2800 22!.t'J 

3603 2880 2340 

3500 2900 2390 
3298 2880 2400 
3170 .?860 2370 

3020 2810 2350 
2922 2720 2310 
2861 2820 2280 
2864 2490 2250 
2928 2410 2220 

2950 2350 2160 

3ll23 2]60 2040 
3061 2400 1930 
3155 2460 1870 
339! 250CJ HE)O 

3608 2540 1870 
3930 2600 1910 
4363 2670 1950 
6138 :080 1980 
gno 2900 2050 

3040 2120 
3270 22<:10 

3550 2380 
4170 2500 

5310 2620 
7430 2830 

3000 
3260 
3610 
4310 
5310 
7210 



TABLE AlO.DATA SHEET FOR CRUSH TESTS OF 
14 GAGE CORRUGATED STEEL PIPES 

Load 
Crush Distance (1bs) 

(in.) --

I I I 1 24 "" 12 15"¢ 18" 21 "c 

1 10' 130 8280 6914 4254 3736 
2 9910 8370 7234 5870 Lr40 7 

3 9570 8001 7084 6042 4515 
4 9210 7483 6838 5996 4488 
5 9060 6990 6554 5837 !+L+67 

6 9180 6757 6290 5559 4330 

7 9630 6762 6133 5300 4168 
8 10,290 6678 6038 5122 3974 
9 12,620 6964 6027 5034 3828 

10 16,820 7283 6155 5000 3727 

11 8209 6540 4996 3708 
12 9390 7012 5096 3758 
13 17,400 7768 5194 3816 
14 8896 5479 3937 
15 10,690 5875 4106 
16 19,690 6441 4310 

17 7305 4573 
18 9535 4910 
1lJ 17,550 5358 
20 6046 
21 7065 
22 9870 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
J!+ 

3L 

F.881 

1 30"~ 1 36" ~ 

2780 1560 
3770 2640 

3930 3170 

3970 3340 
3990 34Cl0 

4000 3410 

3980 3400 
3950 3400 
3880 3390 

3840 3360 

3720 3330 
3600 3290 
3460 325() 
3380 3160 
3370 3060 
3390 2940 

3450 2870 
356LJ 2820 

3680 2820 

3760 2840 
3890 288() 

I 
4100 2960 
4350 3060 
4800 3170 
5420 332() 
6180 3480 
7680 3670 

1U,550 3880 

4180 
4570 
510ll 
580() I 
7210 
97GO 
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5950 
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1140 
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7() }(\ 

6 Z\9 0 

;)() 7() 

i.A90 
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()!~CJ(j 

6!15() 

C640 
6950 

8370 
9ll')() 

lU,i3<'30 

Jl,CSU 

J4 '9 70 

> 'lJn 

5270 
5b70 

sno 
);320 
so,,o 
5850 

SbMI 

~' 7 ()(J 

5720 

5600 
5/f:,o 

5260 
5100 

5(1]0 

49 7 CI 
4970 
5020 

suo 
52!)() 

544() 

566U 
5900 

77011 

S'JlO 

11,220 

l9h(} 

3730 
~~ J..'O 

l, 5CCJ 

lj 600 
-·+ 6(1(1 

1, 6~ 

!r l'lU 

'·, 7 _LO 
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I :1 t rocluc t ion 

Folloh'in~; the succes£"ful implemlcntation of the 55 gallon steel 

drum modular crash cushion, a study of tl1e feasibi I ity of using other 

energy absorbing modules was 
. . . l' 2i' 
lnltlated. One possible eneq'y ab-

sorbing module is corrugated steel pipe. Corrugated steel pipe wirh 

cliametE:r" of 12, 15, 18, 21, 2!+, 30, and 36 inches, of J6, 14, and 12 

gage steel with a specimen Ll'ngth of 25.5 inches, were statically 

crush tested and found to have reasonable static force and crush energy 

3 
values for use in a modular crash cushion (see Table l for summary of 

static crush force and energy for corrugated stoel pipes used in the 

three tests reported herein). 

This multitude of available diameters and thicknesses of corru-

gated steel pipes encompasses a wide range of static force and crush 

energy characteristics, thus indicating the use of what is called the 

polymodular design method. This design method is based on CJ rocv-by-rmv 

analysis of the force and energy relationships between the vehicle and 

modular crash cushion, whereas the other simpler design method, called 

monomodular, involves using energy absorbing modules of the same 

strength and designing the >vhole cushion from t·vJO vehicle parameters, 

. 2,4 
velocity and we1ght. 

Three experimental crash tests were conducted, two head-on tests 

and one side-angle test. The first test, CSP-1, was conducted to 

"'Numbered superscripts correspond to like numbers in reference. 

2 



determine and to reveal the overall dynamic interaction of the vehicle 

and cushion during impact. The cushion consisted of fifteen rows of 

fifteen inch diameter pipes arranged four abreast. The first nine 

rows were of 16 gage metal and the last six rows were of 14 gage metal 

as shown in Figure 1. 

The second and third tests, CSP-2 and CSP-3, respectively, were 

conducted on a crash cushion designed for a 2000 lb. to 5000 lb. 

vehicle weight range and installed in a simulated median in front of 

simulated bridge piers. The sides of the bridge piers were protected 

by a modified concrete median barrier. The cushion installation, 

shown in Figure 2, consisted of one row of two and three rows of three 

24 inch diameter 16 gage pipes, five rows of three 24 inch diameter 

14 gage pipes, three rows of four 18 inch diameter 16 gage pipes, and 

five rows of four 18 inch diameter 14 gage pipes. The pipes in the 

last row and the offset pipes each contained an inner pipe which 

increased the module stiffness and was intended to protect against 

angle impacts near the last row and at the transition to the concrete 

median barrier. The objective of the angle test, CSP-2, was to evalu

ate the redirection capability of the flexbeam panels installed along 

the side of the crash cushion. The objective of the head-on test, 

CSP-3, was to determine if the addition of the flexbeam on the nose and 

the more numerous and stronger support posts would eliminate the ramping 

tendency observed in CSP-1. 

3 

F.885 



T 

15" DIA. CSP 9 ROWS-16 GAGE 

FsTAT =4(5780) 
= 23120 lbs 

15" DIA. CSP 6 ROINS-t4 GAG 

FSTAT = 4(7200) 

= 28800 lbs 

-co 

~]__~~~~~~~~~~~~~~ 
I 

~ 
EACH CONTACT POINT 

20'-o" 

ll 11 
-~ 

-
I 

1'0 
co FIGURE I. CORRUGATED STEEL PIPE CRASH CUSHION USED FOR TEST 

505 CSP-1 
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TABLE 1. 

SUM}~RY OF STATIC CRUSH TEST 
RESULTS FOR CORRUGATED STEEL 

PIPES 25.5 IN. LONG 

Nominal Hall Hodule Crush I Crush"' 
I 

Average''' 
Inside Thickness Weight Distance Energy 

Diameter 
(in.) (ga.) (1b.) (in.) (ft.-lb.) 

15 16 25 12 5,780 
I 

15 14 30 12 I 7,200 

18 16 29 15 
I 
I 5,990 

18 14 35 15 I 8,400 

24 16 40 21 I 6,o2o 

24 14 48 21 _1_),1,)0 
*Values are rounded off to nearest ten pounds. 

Note: Data taken from curves on Figures All, A12, and Al3 in 
the Appendix. 

6 

Force 

(lb.) 

5,780 

7,200 

4' 790 

6,720 

3,440 

4,270 

F.888 
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Test Instrumentation 

used to determine vehicle time-displacement. Vehicle speeds and 

average decelerations 1.:ere computed from this data. 

test, such as CSP-2, the high-speed film WdS used to estimat~ the 

time when the vehic-Le 1.-1as parallel to tllt' barrier and lvltec it had 

completely lost contact with the barrier. 

Each high-speed film had a timing mark placed on it at specific 

time intervals, usually l mark every 0.01 seconcb. Thus, elJpsed 

time could be determined. A stadia boarJ pJaced on the side of tile 

vehicle was used to relate actual distances wit], apparent distances 

on the fUm, so that vehicle displacement along its pcc,tl, coulo also 

be determined. 

In test CSP-1, three high-speed Cc!l~eras 1.-:ere used. Th'U c>'lm•'r<_le-', 

both running at 250 frames per second, h'E'rc' ]oc:ated perpcr,Jiculat- to 

the vehicle's patlt (also perpendicular to the l•e1rrier ilS Lilito ''''lS a 

head-on crash). The third camera, running 2L 400 fra1:\es pc>r ,-,econ,i, 

was placed overh~ad. 

Four cameras, all running at 400 frames per second, were used tu 

photograph test CSP-2. One was perpcr;dicular to tLe vehicle's path, 

another parallel to the barrier, a tl:ird pPrllL'ndicular to the lurrier, 

and the last, overhead. 

7 



Three high-speed cameras, all running at 400 frames per second, 

were used in test CSP-3. Two cameras were perpendicular to the 

vehicle's patlt (also perpendicular to the barrier). The third was 

placed on the other side of the barrier at an angle of 115° with 

respect to the vehicle's path. 

Electromechanical instrumentation. Acceleror·:eters placed in 

the test cars provided a trace of longitudinal and transverse accel

eration (g's) versus time for the car axes. In test CSP-2, both 

lonsitudinal and transverse accelerometers were used, but in the two 

ltead-on tests, CSP-1 and CSP-3, only the longitudinal accelerometers 

were used. The right longitudinal and right transverse accelerometers 

were mounted on short flanges which were welded to the right longitud-

inal frame member just behind the front seat. Similarly, the left 

longitudinal and left transverse accelerometers are mounted on the 

left longitudinal frame member. The data recorded from these 

accelerometers were run through an 80 Hz lmv pass fi 1 t~c•r to reduce 

the "ringing" effect. An lEtpact-0-Graph, an alternative source of 

acceleration data, lvas muunt<::d in the trunk of each test vehicle. 

ln all tests a 160 lb. ant]Jropometr_ic dummy 1vas placed in the driver's 

seat and secured with a lap belt. A force versus time trace was 

obtained from a load ce1l attache'd to the lilp be1 t. The actual sig

nals produced by all of the electromechc:nica1 instruments were 

transmitted from the car by teJ emetry and rt'cordecl on magnetic tape. 

F.890 
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Test Result,; 

Sullh~laritos of t:1e analyses of film data and 

<L:l J ... , the tllrtec cc'sts are presented in Tables 2 and 

Ltc· u·,:lcrc'tTtc~tcr Lr:Jctes and seat belt force traces 

AlO in che appendix. The film 

ddt.~ ar.:· PYC':;,·;·t,•d in Tables Al, ;\~2, and A3, also in the appendix. 

'L 112 JCJ(J:, Lodgc Ide; ,h ing 3 7 50 1 bs. impacted the 

After seven rmvs of pipes 

l1aJ crushed, the front portiL'n of the barrier pivoted upward at the 

8 L h eli! d ~ t lJ 1 oi i' i pes. The vehicle ramped upward and became 

The fir:'t. five rc"'''" of pipes became detached in a group 

the n•0r pert icn •l the: barrier near the baclzup wall (see Figure 3). 

Little vcll1~·],. '.::;~,a 1 c' Lc"iulted (0.'1 lt) despite a high peak decel-

eraticn "l :'_.:, c:'·· rtuced iulm the acceLerometers. The average decel-

fi~ure 4 shows sequential photos of 

in~:tead of :;Jiding as intended, buckled from 

forcC:> cxC?rtl'J ;). thl.' _iillt_ial t.cnsiL~n in the cables. 

rdt i,1 c·au nut he accuratclv determined. 



Tab lc 2. DATA FRO~·! FlU! A:J,\LVSIS 

Factor 

Vehicle weight, lb. 

Impact angle, dcg. 

Initial speed, ft/sec. (V.) 
]_ 

mph 

Final speed, ft/sec. (Vf) 

Total stopping distance, ft (S) 

Total stopping time, sec. 

Average longitudinal deceleration, g's (G) 

Speed after contact;', ft/sec. (Vf) 

mph 

Time in contact, sec. 

Distance in contact, ft. (S) 

Average longitudinal deceleration, g's. (G) 

Exit angle, degrees 

Test 
CSP-l CSP-2 csr-J 

37 50 38lCl Jt)()() 

() 20 () 

85.6 87.7 91.4 

58.4 59.8 62.3 
~~-----------~- ------------

0 () 

28.7 27.2 

l. 528 1.16 7 

4.0''Uc 4.8>'dc 

57 .1'" 65.8 62. 5''' 

39.0* 44.9 42. 6''' 

0.089 0. 34!, () 093 

6.2 23.8 7.4 

10. 2;,·, 2. 2>'<>'< 9. ],·,;, 

7. 7 

* In Tests CSP-1 and CSP-3 the vehicle "ramped" shortly after impact. 
Data immediately belmv asterisk applies only during contact before ramping. 

G 

2 v 2 vi - f 

2gS 

longitudinal acceleration parallel to vehicle 
path or parallel to side of barrier for redirection 
tests 

10 
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'l•'t(',i-

~1ax-inum dccelerationa, g's. 

~~.r.:.,itudLna1 

iJJ rE; L tudina 1 

T' inc,rv<ll, :~ec. 

l) 
, L. C ' . l ;~ \',' .~_~ ~-; ·~' 

CSi'-l 

3750 

0 

23.0 

S.b 

0.3J6 

7. 7 

U. lU'l 

lL 

F.893 

T.sst 
CSP-2 CSP-3 

3810 c.\880 

20 Cl 

G.J l9.5 

12.0 

~l-. s !+. 3 

0.358 0.521 

6.5 

U.lOD 

J. ·~ 

C.325 
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li:w. 

rc:Jc~hln;:, c1 P1axir:1un of 1 il t. J_ll 0.277 _c.;~~(· •. ::1s Jctcrmjn,_'l: fron tile 

VlD.b 0.4 ft. D<lmrtge to the left front q'-larter of the vehicle \v~a~. ~~on:-:i-

c_md a dc~fut·mat·ion of the Jctt sLdc o the bur'JJCr of 1.4 ft:. 

along the .~uardrall a ad pipr·s :-•nd n Lou some r:rushinv of till! l O\•lcr i'O~-

1vas :1scd <'.gain for test CoP-J. 

The vehicle redircl-. tL:'d sT .out :11:·:, 1,/i th Jn ~.1veragc Lon;<i_tudinal 

deceleration, determinr•cl frorr. t;tc• acccl••rc;rnctE:r traces, of 1 .. > g's 

over 0.358 sec. 

(accc:leromcter). Aver:1gc: t.L~lr:·=;'i/L'rsc dccc~]_cratlun, also dctcruJincd 

of 12.0 g's. 

from film, was 2.2 g's o·-.er Cl.Yt 1
1 sec. 

tl:C' velocity after co•1Lact 

Sequential photo:c;.raplu; fro:.c l\-.'0 di ffcn-•nt vi e•.,•s uf the ,~-:-c1s~1 m;_n· 

he~ S·c'f..'rt in Figures 7 and '3. 

Test CSP-3. 
-----~------

steel. nipe crash cm;hion. 

by a 1963 Plymouth sedan weighins JRSO lhs. and traveling 62.3 mph. 

12 



Figure 9 s h ows the vehicle before and after and Figure 10 shows the 

c us hion b e for e a n d after the collision. The barrier-vehicle inter

a c t i on was simila r t o t ha t of test CSP-1, the first head-on test of 

thi s seri e s. As in CSP-1, the first rows of the barrier (rows 1-6) 

we r e c rushe d a nd bent downward, then pivoted upward from a point 

be t ween the 6th and 7th rows. The front of the vehicle was lifted 

upward b y on e of the f l exbeam pan e l s which dug in t o the ground, 

push i n g a ga i ns t the fi r st rows of t he barrier (see Figure 11) . Th e 

ve h icl e co nt inued to ramp upward, pushing the first four rows of 

pipes, wh i ch had become detached, over the ri ght s ide of the barrier. 

The f r ont whee l s of the vehicle recontacte d the remaining portion of 

the ba rri e r, then t he car started to slide down backwards , with the 

head end of th e vehicle sliding a long the support cables. Figure 12 

s hows t he veh icle at rest, suspended by the barrie r and support cables. 

Th e peak dece l e r ation taken from the accelerometer traces was 19.5 g ' s . 

The ave r age l on gitudinal deceleration, also from accelerometer data , 

was 4 . 3 g ' s over 0 . 521 sec . (total event) and 5.0 g ' s ove r 0.100 sec. 

(befo r e r amping) . 

Si nce t he veh icle again ramped and became airborne, the dynamic

t o - stat i c f o rce (and energy) ratio cannot be determined . 

13 
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t 0.000 sec. 

t 0.072 sec . 

t 0.163 sec . 

t 0.553 sec . 

t = 1.174 sec. 

FIGURE 4. Sequence Photos of Test CSP- 1. 
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t 0.038 sec . 

t 0.098 sec. 

t 0.310 sec. 

t 0.807 sec . 

t 3.438 sec. 



F .898 

I 

FIGURE 5. Vehicle before and after the collision , Test CSP-2 . 
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Conclusions and Recommendations 

The corrugated steel pipe crash cushion did not perform as inten-

ded during the two head-on tests. From the high speed films of CSP-1 

it was surmised that the pipe support legs were insufficiently strong, 

particularly at the point where the cables angle dmvnward from the 

horizontal. Also, it is believed that the strength distribution of 

the pipe contributed to the ramping, i. e., the pipe is weaker at top 

and bottom and stronger in the midsection, thus tending to deform 

first at one of the weaker points and allowing the vehicle to .,.amp. 

The addition of more and stronger legs, and the flexbeam on the nose 

and side of the cushion did not prevent ramping in test CSP-3, in fact 

one of the flexbeam panels aided ramping by digging in the ground and 

"vaulting" the vehicle upward. 

It appears that the strength distribution of the pipe along with 

the frictional forces on the support legs and the length-to-height 

ratio of the cushion work in combination during impact to cause a 

vertical force to be applied to the vehicle, causing it to ramp. 

Three changes are suggested below as possible remedies to the 

ramping problem. They are: 

1. Increase the length of the module such that the top and 

bottom of the pipe will not be in contact with the dis-

tributed force from the nose of the impacting vehicle, 

i. e., the vehicle will feel the more uniform strength 

distribution of only the midsection of the pipe. This 

will also decrease the length-to-height ratio. An 

24 
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al tcernate to increas Lng the modul•c len,,tll I·Jould hL' to 

raise' the bottom of the cushion to :1pproximately l S 

inches above grade. 

2. Add dish shaped skid rlatl'S to the' support posts to 

decrease frictional forcLoS on the bottom of the 

cushion, particularlv at thl' post \•:here the cab lcs 

ang] e dmvm·::trd. 

3. Decrc:tse the initial tc•nsion in the cables from the 

present 4000 to 5000 1 bs. dm,·n to 500 to 1000 lbs. 

This \,'ill also help to decre:tse the frictional furnos 

on the bottom of the cushion and nerll;::tps allm·J the 

support post to remain upright and also keep the 

flexbe:m panels fror:1 digging into the ground. 

Tt is rt'C0mmendcd that the above suggcstic•ns be invcest i tc'cl 

before deletion of or implcmentation of the corrugated stc:cl i'tpc 

crash cushion as a viable vchicle imoact attenuator. 

A reliable exp~'tinwntal value for the dynamic-tu-static f,Jrcc 

(and energv absorption) ratio still remains to be found fr-om furth,·r 

tests whcrl' the vehicle docs not ramp on head-on impact. 

The corrugated stccl pipe crac;b cushion Hith fle>JJcam c;Lclc, ]Uncle; 

indicated excellent side-deflection behavior in test CSP-~. 

In summation, the corrugated steel pipcc crash cushio:1 p<:rfcn1s 

well under side impact but needs further investiv;;ltion tu ,·orrcct thc 

ramping problem during head-on impact. 
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TAELF ,\l . 

TFST 505 CSP-1 

llTCli-SPEED FIUI DXL\ 

Time 
(milLiseconds) 

- ·------- ---~- ---------· 

-52 

-- 3 7 

-30 

-22 

-15 

-- 7 

() lmp::1ct 

7 

lS 

30 

37 

45 

52 

60 

67 

82 

89 

1528 

Displacement 
___ -~f c'C_tj ___ _ 

--4. 5 

-3.2 

-2.5 

-1.9 

-1.2 

-0.6 

0 

0.6 

1.1 

1.7 

2. 3 

2.9 

3.4 

3.9 

4.4 

4.9 

5.4 

5.8 

6.2 

28.7 

F.923 

VEHICLE "RANPS" 
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TABLE A2. 

TEST 505 CSP-2 

HIGH-SPEED FILN DATA 

Time Displacement Time Displacement 
(milliseconds) (feet) (milliseconds) (feet) 

-76 -6.6 (continued) 

-61 -5.3 168 12.8 

-45 -4.0 184 13.8 

-30 -2.7 199 14.7 

-15 -1.3 224 16.2 

0 Impact 0 250 17.7 

15 1.3 275 19.3 

31 2.6 301 21.0 

46 3.9 326 22.6 

61 5.2 352 24.3 

76 6.4 377 26.0 

92 7.6 403 27.7 

107 8. 7 428 29.3 

122 9.8 454 31.0 

138 10.9 4 79 32.7 

153 11.9 505 34.3 
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Tt:ST 505 CSP--.3 

flJ f;;~ -SPEFD riEl DATA 

Time 

(:lli_l__]_i~S~C'-c_ C)_ll_C~S) 

-] l 

--2 3 

-15 

-- 8 

0 Impact 

8 

15 

23 

31 

39 

46 

62 

70 

7/ 

85 

93 

1167 
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Displacemc:ont 

---~i_f_c:o__c~t:)~-~ 
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-2.1 
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0. 7 
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5. 1 
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27.2 
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J :,;TRO!JCCTTO~ 

Dut·ing the latter part of 1967, four crash tests \·,'ere conductf'd on 

impact attenuators which were predecessors to the present Modular Craslt 

1 2 J'' 
Cushion ' ' Barrier configurations tested ranged from burlap bags 

filled <."·ith empty beverage cans to an arranp;l'lllent of ."iS-gallon steel drums 

filled with emptv beverage cans. C:ne of the purposes of this studv h','l;; 

to design crash cushions of readilv available materials. 

were conceived by researchers at the Texas Transportation Institute (TTl) 

and vJere testc•d at the Texas A&'! Research Annex in cooperation h'l rh t'• 

the four tests. 

TEST D[SCR!PTJO~S 

Jn the• first tl•st, SOS-lA, the barri0r consisted of :Jl burl:1p \J;~;•:.; 

lcni~Llwlinal deceleration \vas 3.9 g's, ~vith a stoppin)':, c1Lit(ii1C<' u! h.J fi 

This tl_;s t 1 (' ~) ]-· 

somL· of the burlap bags rupturc'd and allov1cd the cans to scatter, it 1,;;. 

conciudc·d that the beverage c~_Jntaincrs should be packaged in a ~~t rl)n_;_'<-~~~ 

'''Supc·rc;cript: nu:r:bcr'' refer to corrcspon,Jjng references at tlil' c''1c: of 
this report. 
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The :w:<.l cor,.Ci;.~uration tec;tc·J ('iO'.i-11\) i:o shm·m in Figure' J. r:i::;ht 

55-;~allon steel Jrums (16 g;u;c steeL filled 1vitir cmptv beverage l'ans '·Jere 

;nranged bet1·~t·en seven 7--in. diameter timber rosts. These posts lvcre 5.5 

F.9.30 

f t jn length and ,.:ere l'J1lbcdJ,~J in 2.5 ft of .•;oil. A l/2-in. diameter st:eel 

cable I·Ja.s l.'Joped around the barrel svstem in an :.tt:lc·mpt to hold i l Logcth<cr. 

The initial speed of the 3380 lb vehicle as it imr>actccl Lhc harriet- '·lac; 

GJ hortlv after tlr0• !wad-on impact, the vc!Jiclc· \vas l unc!H·d into 

the :Jir lv tl1e tir:1bcr posts. The vehicle: \vas still movin;; at: a spcccl of 

8 Til\)it af-ter be in,~~ launched~ Thus its change.:' in speC'd during impact \-JJS 

onlY 55 mph. Tlw barrels and posts scattered, and the vehicle cacw to 

a st:or on Lop of the barrier as :c;ho\vn in Figure 4. The Vl'hicle Has cJ<tr.ta;.ced 

considerablv. ,\veragc longitudinal clecelc:ration h'dS 14.2 g's, vith :1 peak 

of 40.0 g's. Since the barrels and post \vere scattered bv the vehicle: im·-

pact and this caused the• vehicle to launch and beconw alrbonw, it: \viiS 

concluded that such a svst:em should have a rigi_d backup support. It was 

fc•Jt lhdt t':(' rigid backup support: 1voulcl assure more preclict:1ble crus.dng 

of the cncrgv absorbing material and provide more stabilitv to the svsl 

In test: 505-lC, fifteen 55-gallon, 16-c;age steel drums filled 1>1ith 

empty beverage cans were arranged 3 drums wide and 5 drums deep. The 

ba~·rels lverc held t:oge.ther bv a l/2-in. diameter cable vlhich 1vas loop"'cl 

around and bet1veen therl (sec Figure 5). Thl· steel drum svstcm \vas uLa(iccc 

:1gainst a rigid baclm'J surport \·Jal1. A 3520 lb PlVJ'loutli impacted Lhe 

barrier head-on at: a speed of 59 mph. During contact, the vehicle's 

tront end became slightlv airborne, and the barrel syst:C'm \las slir:htly 

liftr~d ::Jfi the ground. The vehicle received severe damage. JlCJth veili.clc 

5 



FIGURE 5. 

FIGURE 6. 

FIFTEEN 55-GALLON STEEL DRUMS FILLED WITH 
EHPTY BEVERAGE CAi'i!S BEFORE TEST 505-lC . 

BARRIER AND VEHICLE AFTER TEST 505-l C. 
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and barrier are shown after the test in Figure 6. The average longitudi-

nal deceleration was 14.2 g's over a distance of 7.1 ft. It was con-

eluded that the 10 ft long barrier did not provide sufficient stopping 

distance. The length of the next barrier tested was increased to 20 ft. 

The barrier for the next test (505-lD) consisted of twenty-nine 

55-gallon, 16-gage steel drums filled with empty beverage cans placed in 

front of a simulated bridge pier as shown in Figure 7. There were nine 

rows, 3 drums wide, and the first row was 2 drums \vide. The tops and 

bottoms of the barrels were welded together and a cable was looped around 

and threaded through the system. This cushion was hit head-on by a 

4480 lb vehicle traveling 67 mph. The front end of the vehicle was lifted 

slightly off the ground, as were several rows of barrels. The vehicle was 

stopped after 10.4 ft of travel, with an average longitudinal deceleration 

of 16.7 g's. The vehicle sustained considerable damage, as shown in Figure 8. 

SUMMARY 

Table l contains a summary of the pertinent data obtained from these 

earlv tests. Tables 2 through 5 give the high-speed film data for tests 

505-lA through 505-lD. 

These four tests clearly indicated that the crushing strength of the 

barrels had to be decreased and the empty beverage cans removed in order 

to reduce the impact force levels encountered and to minimize vehicle 

d (' . ' 1 ' 3 ' 4 d d 18 d 20 amage. 0tatlc crusn tests were con ucte on uncut, an -gage, 

tighthead, 55-gallon steel drums with 4 elliptical holes cut in the top 

and bottom of the barrel. Results of these static tests indicated the 

importance of removing some of the metal from the top and bottom of each 

8 



drum in order to reduce the crushing strength of the barre]. Tl!e uncut 

barrels generated approximately .J times as much stopping for< e ;ls tile' 

barrels with the elliptical holes. 

Results of full-scale cras!1 tests conducted on modified barrel svs-

terns have been very favorable. These tests have been n•ported t>rcvious 

9 



TABUc 1 

SU~~!ARY OF D,\TA 

1------------~---J----Te~st-~o. __ +-_-~j Factor I 
lA lB lC . lD 

l 448(] I Vehicle Height, lb 

lnitial Speed, mph 
fps 

3500 

22 
33 

3380 3520 

63 
')2 

59 
86 

67 
98 

i Change in Speed, mph 22 55'" 'i9 
1 

67 
fps 33 80 86 I 98 

I 
' I

I 

I 

Average Long. Decel., g's 3.9 I llr.2 14.2 16.7 
(L\V I L\Tg) 

I Stoppiog Di~lanco, fl 6.1 I B. I+ I 7.1 I 10.4 I 

Lin Conta_c __ t_,_s_e_c _____ _L__o_._2_6_5_..L__r·_,._l._7_7 _ _jl __ r_l._l_8_s_j ~182 J 
'''Vehicle \vas launched and became airborne \,'hile still moving :1t ct 

speed of 8 mph. 

10 
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TABLE 2 

TEST 505-lf, 

HIGH-SPEED FILH DATA 

Time Displacement 
_( ms_e c)~ ___ __(_£1:) ___ 

-47 -1.53 

-31 -1.02 

-16 -0.51 

0 lmpact 0 

16 0.51 

31 l. 02 

47 1. 53 

78 2.48 

109 3.40 

140 4.27 

172 5.04 

203 s. 71 

234 6.16 

265 6.34 

296 6.34 

328 6.20 

484 5.64 

640 5.16 

11 



TAJlLI: 3 

TEST 305-JB 

l!ICI!-Sri:J:ll flUI DAT,\ 

Tjmc 
__ c] 

--16 

-Jl 

-- 8 

- 5 

- l 

u 

21 

'!(\ 

65 

73 

82 

88 

100 

107 

123 

14) 

r)6 

177 

Impztct 

Displacement 
(f t) 

--l. 50 

-l. 25 

-1 . [)() 

-(). 7 5 

-().50 

-0.25 

0 

l. 7 5 

3.25 

s.oo 

5.50 

fi.OO 

(). 25 

(). 7 5 

7. ()!) 

7.50 

8.0() 

s.so 

r. 937 
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TABLE 4 

n:sT 505-Jc 

HIGH-SPEED FlU: DATA 

Time Displacement 
_(!ll_.s__t:_C]_ _ __ J_f_t __ ) ----

-41+ -3.80 

-33 -2.85 

-22 -1.90 

-11 -o.q5 

0 Impact () 

11 0.90 

22 l. 52 

33 2.29 

44 3.05 

55 J. 78 

66 4.41 

78 4.98 

89 5.50 

100 s. 9Ei 

111 6.26 

122 b.56 

133 6. 79 

144 6.96 

155 6. 98 

166 

177 7.08 

188 7.08 
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Time 
0~~-;_ec) 

- )6 

-29 

-22 

-15 

- 7 

0 

7 

15 

22 

29 

36 

44 

') 1 

58 

66 

73 

so 

Impact 

'L\1\U 'i 

Tl:ST 505-lTl 

iliCll-SPlTD l"1 L~l DXL\ 

Di sp lZLcL·n;en t 

~---(_f_tj_- ---

-).55 

--2.84 

-2.13 

--!). 7l 

0 

0.69 

1. 38 

2.03 

2.68 

3. 31 

3.'12 

5.09 

5.62 

h.l4 

6.65 

14 

Ti nee' 

1 119 

ll6 

lll 

l ')') 
_l _'tl 

153 

I U! 

lh7 

17S 

182 

189 

) 
f)i_ c:pJ n~'<'r·''nt 

( [ t) 

CCo•1tinucd) 

7. 1\' 

7. 5 ) 

7. 'lCl 

:5.56 

8.K7 

'l . I J 

l). l4 

". ')8 

] () . l 7 

1 (). ll 
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DESCRIPTION OF TESTS 

In December of 1967 two t est s were conduc t ed t o determine i f it was 

1 
feasible to s to p a vehicle using a hook and cable system. A s t eel hook 

(fabricate d from 1.5 in . t h i ck steel plate--see fjgures 1 and 2) was 

welded to t he frame of a 1958 Plymo uth sedan (see Figure 4). Each end 

of a 7 / 8 in. diame ter 6 x 19 wire r ope 50 f t. l ong was a tta che d t o a 

Van Zelm Me tal Bender (25,000 l b . capacity) .
2 

Th e me t al benders were 

at tached to s t ee l anchor posts 12 ft . apart as s hown in Figures 3 and 4 . 

The firs t t est was co nduct e d I.J i th the vehicle tra v e ling 60 mph and 

a t an angle of 5° from a normal t o a line be tween t he a nchorage poin t s . 

The vehicle passed over the cable witho ut snagging it (a clean miss) . 

This happened desp ite the fac t t ha t the s teel hook had a ground clear-

ance of only 2 . 5 in . 

For the second test the hook was modified as shown in Figure 1 

reducing the hook ground clearance to 1.5 in. The cable was placed in 

a lazy W posi tion as shown in Figur e 3 and blocked up at the ce n ter 

app r oximately 5 in . off the ground so the vehicle hook could e ngage i t. 

This configuration was found necessary to preven t the front whee l s of 

the vehicle fr om depressin g the cable to the g r o und where the vehicle 

hook co uld not e n ga ge it. 

1 . Hagyar , N. , "Vehicle Ar r es ting Sys t em," Conceptual S tudies, 
Program-Phase "A", Martin Har ietta Corp. , Bal timore, Haryland, FHI.JA 
~ntrac t FH-11-6621, Volume II, September, 1968. 

2 . Hirsch, T. J., Hayes , G. G. , and Ivey, D. L., "Dragnet Vehicle 
Arresting Sys t em ," Texas Tr ansportat i on I n s titute, February 28, 1969, 
Technical Hemorandum 505-4. 

2 



Since t he cable was attached to two 25,000 lb. metal benders, the 

maximum possible stopping force could reach 50,000 lb. Consequ ently , 

the frame of the vehicle was relnforced with 3/16 in. thick steel 

plates in an attempt to strengthen the point where the steel hook was 

a tt ached (Figures 1 and 6). Previous analysis indica ted there was 

no single noint on th e vehicle f r ame capable of resisting forces of 

1 
50 , 000 lb. 

3 
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Fjgun: 3: Snag Cable and 'letaJ Benders tJetore Test. 
7/8 in. diameter cable 50 ft. long blocked up approximatelv 
5 in. off ground. ~etal benders 12 ft. apart. 

Jl- $> '.Y#~~A
-~ -

- ~..-···.· 

Figur e 4: Netal hPnd<c'r \vith 25,000 Jb. metal L.<;K to s:1pp1.y stopping 
force. 
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Figure s: Metal bender and broken ca~le after Lest. 

II_ 

A 

Figure 6 Snag hook \velded to frame of vehicle. Photo taken after test. 
Vehicle frame bent and several weld fractured . 
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Figure 7: 1 P'10tographs o Sequentia 1 

8 

F.948 

.418 sec. 

f Test 505-3B. 



TEST P~SULTS (Second Test) 

Figure 7 presents sequential photographs of the vehicle during 

the test. The 3600 lb. vehicle engaged the cable while traveling at 

a speed of 57.3 mph at an angle of about 5° from the normal of a line 

between the two anchorages. The initial engagement occurred at -.286 

sec. At 0 sec. (Figure 7 snag) the cable became taut and began exert-

ing the stopping force. At 0.061 sec. the cable broke after slowing 

the vehicle to 48.8 mph over 4.86 ft. of travel. The average longitu-

dinal deceleration imposed on the vehicle was approximately 6. 3 g' s as 

indicated by the data presented in Table 1. 

Table 1. Data From Film Analysis 

Test 505-3B (Second Test) 

Vehicle Weight 

Initial Speed, Vi 

Final Speed, Ff 

(immediately after cable broke) 

Time in Contact (T) 

Distance Vehicle Traveled (S) 
in contact with cable 

Average Longitudinal Deceleration 

v 2 - v ') 
i f 

2gS 

v - v 
i f 

gT 

6.2 g's 

6.4 g's 

9 

3600 lb. 

57.3 mph (84.1 fps) 

48.8 mph (71.6 fps) 

0.061 sec. 

4.86 ft. 

F.949 
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1 

I 
I 

' 

Approximatelv 13.5 in. of tape was pulled out of each metal bender 

accounting for approximatelv 56,000 ft.~Jb. of energy consumed the 

ntela] benders. The total vdlicle kinetic energv cvas 395,000 ft.~lLJ. 

thu,; only about 15;; oi the' vehicle kinetic c'nergv \vas consumed by the 

J:;l'tdl benders. 

The cable apparently broke because of the sharp bend it madL' 

around the vehicle snagging hook. 

The frant.c of the vehicle \vas displaced about 2.5 in. relative to 

the car body Juring the test. ln the three attachment points of titl' car 

bodY to frame fonrard of the snag hook, the frame 1vas found to be turn 

on the tension side of the. bracket. In the attachment to the rear uf 

tlie snag hook the <:Jttachment bolt \A'3S on the verge of pulling loose 

frum the car body. lt appeared that the car frame was on the VL'r,>.>,e of 

i>eing torn from tlte car body when the cable failed. 

Knu1~lng the tape capacity of the metal benders to be 2.5,000 lb., 

a sir~:ple analysis indicates the maximum deceleration imposed on tbe 

veilic·lcc to be approximatelv Ll.5 g's. 

25,000 lb. 

10 
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Maximum Stopping Force 

Max~num Deceleration 

48,400 lb. 

F 
\v 

~_iQ_Q 
3,600 

= 13.5 g's (computed) 

The difference between the computed maximum deceleration of 13.5 

g's and the average deceleration of approximately 6.3 g's (determined 

from film analysis) can be attributed to several things as follows: 

l. The vehicle engaged the cable at an angle of about 5", 

thus one end of the cable became taut before the other, 

2. Tbe 50 ft. length of cable stretched as the force was 

applied, 

3. In analysis of the high speed movie film, it ~as diffi-

cult to determine precisely the time and distance of 

engagement \vhen the cable broke completely and released 

the vehicle. 

CONCLUSIONS 

Analytical studies made forthe Federal Highway Administration by 

. . l 
~HrtJn Marietta Corporat1on indicated that no single point on a 

standard weight passenger car (1967) is capable of resisting forces 

of approximately twelve times the weight of the vehicle (12 g's). The 

experience gained from the full scale test report here support thi_s 

conclusion. 

ll 
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lt i_s clear that even if substantial lowe!: decelcJ.:atiun forces 

are used that n;any practical engineering problems must. b·~ resolveu 

before tl~L; concept could be er~.ployed to stop or arrc,yt errant vcnL-

cles ;e'lving the itighway. L Some ,Jf these problem:" :c1n ac; 1-oJlm·:s: 

1. Attachment of snagging hook to vehicle ueeds care 1 1l
1 

study for strength and des:irablc lcc'"tiul,. 

2. Cable location and configuration needs careful scudv. 

J. A positive engaging system needs to be develope~. 

absorber) needs careful study. 

1 
~ I '. 
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