
Experimental Study on Transportation Safety of 
Package in Side Collision of Heavy Duty Truck 

M. Suga1 and T. SasakF 

1Mitsubishi Research Institute, Inc., Tokyo 
2AIST, Tsukuba, Japan 

1. Objective 

The accidents in road transportation of package may be collision ,fall and 
fire. It is necessary to examine all cases very carefully because collision 
light be caused by other vehicle. Collisions are classified into head-on 
collision , rear-end collision , side collision. A lot of experiments and 
analyses are reported on head-on collision , so the behavior of vehicle and 
package 1ay be predicted without difficulty.Rear-end collisions bring about 
less i1pact and 1ay be applied corresponding to the head-on collisions. 
About side collisions, few experi1ents or analyses are reported, and most 

of the1 are about passenger cars not about trucks. So it beco1es i1portant 
to study the transportation safety of package carried on a heavy duty truck 
when hit on the side by another truck siailar in size. 

2. Plan of experi•ents 

2.1 Analysis of traffic accidents statistics 
(1) Side collision in ordinary road 
70% of the side collisions are buaping into each other when passing the 

intersection , and 60% of the• are at right angle . 
The speed of side collision shows the greatest number at 30~40km/h, and 

the cu1ulative percentage is 80~100 at 40~60km/h. 
(2) Side collision in expressway 
Most of the side collisions in expressway are observed at junction or at 

ti1e of changing lanes.But the angle of collision is usually small and they 
don't give serious i1pact. 
Rarely a car rushes across the central separation fence and attack another 

in -the flank. In this case , supposing the speed of striking car is 80k1/h 
and the angle of collision is 40' , the equivalent speed at right angle 
collision is 64kl/h. 
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2.2 Conditions of experiment 
(1) Angle of collision 
It is appropriate to SUP.Pose right angle collision for the severest 

senario , or the 1axi1u1 aggressiveness of striking car. 
(2) Speed of collision 
The 1axi1u1 obtainable speed for 9 tons gross weight vehicle is 70ka/h 

deter1ined br the capacity of facilities. 
(3) Position of attack 
To avoid the turning 1otion of the struck car , it is desirable to attack 

the center of gravity of the struck car. And it is necessary not to attack 
the rear axle whose stiffness is very high. 
(4) Loading of the striking car 
Loading of the striking car lakes conditions of the experi1ent very 

co1plicated , so it is desirable to leave the striking car vacant. 

2.3 Plan of experi1ents 
Three cases of experi1ent were planned for varions collision speed. 

ele1entary pre I i1inary final test 
test test 

to study the to study the to confir1 the 
objective behavior of behavior of safety of 

vehicles at package.at side package at 
side co II is ion co II is ion side collision 

gross 
vehicle 9 tons 9 tons 9 tons 
weight 

coli is ion 30 k•/ h 50 kl/h 70 km/h 
speed 

angle of rectangular rectangular rectangular 
collision 

posision nearest point 
of attack to the center 

of gravity of same as left same as left 
struck car 
except rear axle 

package on two duuy con one real con-
the struck tainers (sate tainer contain-
car di1ension and ing mimic fuel 

weight as con- same as left and one dummy 
tainer and container same 
asse1bly for as the eleten-
transportation) tan test 

Tab. 1 Plan of experiments 
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3. Siaulation of side collision 

Tro types of nuaerical coaputatlon were perforaed. 
One is kineaatic analysis and the other is iapact analysis. 

3.1 Kineaatic analrsis 
The horizontal aotion of both cars was analrzed. Siaulation aodel of a car 

is a ricid bodr having aany elasto-plastic springs around it. 
(1) Exaaple of analysis at a 30ka/h collision 
Fig.! shows the position of both cars after collision and skid aarks. Each 

car was running at 30ka/h speed. Nuaerical analysis of a case when the 
struck car was standing,showed a siailar result about the relative position 
of both cars. Therefore it aar be appropriate to conduct an experiaent with 
the stuck car standing at zero speed. 

y y 

tire skid aarks 

relative position il 
of both cars 

Fig.l a 30/30 ka/h side collision 

(2) Exaaple of analysis at a 70ka/h collision 
Fig.2 also shows the position of both cars after collision and skid aarks. 
In the actual experiaent,the struck car rolled,but this is not included in 

the siaulation aodelinr. 

a 
0 
..: 

t• ··· center of rravitv 
2• ... center of rrav ltv 

Fig.2 a 70/0 ka/h side collision 
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3.2 lapact anal~sis 
The anal~sis was perforaed with DYNA 30 code. Fig.3 shows finite eletents 

of both cars and package. 

Fig.3 Finite eleaents of the aodel 

Fig.4 shows the deformation of both cars at 200 asec after a 70 ka/h 
coil is ion. 

Fig .4 Deforaation at 200 asec after a 70 ka/h collision 

The picture of actual experlaent (Flg.6) shows good coincidence to the 
nuaerical analysis (Fig.4). 

Fig.5 Defor1atlon observed In experiaent 
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4. Experi1ent of a 70kl/h collision 

4.1 1ethod of experi1ent 
( 1) Outline 
The strikinc car with 9.2 tons cross wei1ht was towed b~ wire rope driven 
b~ an electric 1otor , bu1ped in the flank the struck car with 16.6 tons 
gross weight carr~in1 packace at 67.6k•/h. 
(2) package 
Flg.6 shows the la~out of the packa1e carried on the struck car. The 

container is RCC1-A t~pe and containes one 1i1ic fuel asse1bl~ and one 
du11~ weight equivalent to fuel asse1bl~. Du11~ container is equivalent to 
the container with two fuel asse1blies in it. 

alalo fuel 
asseabb 

colllslon 

0~------------~ 
Fig.6 Lavout of the package 

(3) Electronic 1easure1ent 
The speed of collision, the i1pact load,the tension of fasteninc wire rope 

for package and the accelerration at various points were 1easured 
electronicall~. 

(4) Optical 1easure1ent 
Slow lotion pictures were taken to anal~ze displace1ent , velocit~ and 

rolling angle of vehicle and package. lan~ target 1arks were attached to 
vehicles and package for the convenience of i1age anal~sis . 

4.2 Results of the experi1ent 
The struck car rolled over , but the packace re1ained tightl~ fastened to 

the loading platfor1 bv wire rope , i1pact li1iter and 1etal fittings. 
(1) Da1age to the struck car 
Flg.7 shows the defor1ation of the ·chassis fra1e of the struck car. The 

longitudinal wooden piece supporting platfor1 was broken at 4 points, and 4 
of the tie bolts were broken. 

Fig.7 Defor1ation of the chassis fra1e 
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(2) Daaage to package 
Fig.8 shows the detail of the da1age to the package. The container was 

dented in two places and one of the 38 quarter-turn bolts was broken and 
three of the1 were loosened. Inside of the container, several defor1ation or 
larks of contact were obsered. 

bracket defor1ation 

loosened 

Top View 

f coli is ion 

contact of tube bracket 
and lifting fixture 

shock 1ount 
bracket 

detonation~~ 

~ [J~defor 
tube bracket 1ation 

!iiJ] detonation 

Fig.8 Detail of the da1age to the package 

Four brackets used for fastening the package re1ained unda1aged, but one 
of transverse tooden pieces to which the brackets were fixed was broken. 
The 17Xl7 ele1ents hpe 1i1ic fuel asse1bly was covered with cardboards , 

and no 1arks of oppression was found on it.After the re1oval of cardboards, 
the 1i1ic fuel asse1bly looked COIPletely Intact. 
(3) l1pact load and acceleration 
The 1axi1u1 tensile load of 3.6 tons of wire rope was observed at the 

101ent of collision,adding 2.1 tons to the initial tensile load of 1.5tons. 
The 1ax i1u1 lateral acceleration of the container was 21.8G , observed at 

the 101ent of collision at the center of front end. The acceleration 
observed at the 101ent of roll was generally 1/2~1/6 of the 1axi1u1 value. 
Fig.9 shows the fluctuation of acceleration vs ti1e. 
The 1axi1u1 observed acceleration was as follows. 

-• -• • --• • ... 
.J ... 
"' "' • 

35.5G at the front shock 1ount at the 101ent of collision 
20.0G at the nozzle of 1i1fc fuel asse1bly at the 1o1ent of collision 
20.7G at the rear shock tount at the 101ent of roll 

-•••• at the front shock 1ount • - .... at the front nozzle 

••• • • - H. I ... • • 21.1 
"' .J 

"' "' •••• "' • 
•• • • 

Fig. 9 1 ile trend of acceleration 
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4.3 Exa1inatlon of the result of experi1ent 
(1) Node of enerr¥ absorption 
Tab. 2 shows the aode and percentage of energ¥ absorption for three 

experi1ents. 

Observed speed of collision (ka/h) 

Iinetic energy of 
striking car(ton·•) 

Skid of struck car 
Mode and Fra1e deforaation of 

percentage struck car 
of enern Roll of struck car 
absorption Cab deforaation of 

struck car 
Unaccounted for 

Total 

Tab. 2 
(2) Defor1ation of the fraae of struck car 

30.2 49.8 67.6 

32.5 91.4 165.2 

35.9 44.0 30.8 
14.7 11.6 10.8 

9.8 3.6 2.6 
13.2 7.9 6.2 

26.4 32.9 50.7 

100.0 100.0 100.0 

Fig.lO shows the result of si1ulatlon and experiaent for various collision 
speed. 

Fig.10 MaxiiUI 
dyna1ic defor1ation 
of chassis fra•e 
vs collision speed 

defor1atlon of 
the chassis fra1e (c•) 

ISO 

100 

$0 
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coli is ion 
speed (kl/h) 
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The taxi1u1 value of dynatic defor1ation obtained fro• fill itage 
anal~sis , showed good coi ncidence to that of situlation b~ DYNA 3D code. 
(3) Tensile load of wire rope 
Fig.ll shows the 1axitu1 observed tensile load for various collision 

speed.Tens i le load of the front row shows linearit~ to the collision speed. 

Fig. ll Tensi I e 
load of wire rope 
vs collision speed 

5. Conclusion 

tensile load (ton) allowable load 7.35 tons 

oL-----------~~o--------~~~------~7~0-

colllslon speed (kl/h) 

(1) The itpact to package by 9.2 tons gross vehicle weight,67.6kl/h 
collision was 1uch slighter than that of 9 1 free drop test. The container 
was slightly dataged and the 1i1ic fuel asseably looked unda1aged. 
(2) B~ the experi1ental result of three different collision speeds and the 

nu1erical s itulation , the technique for predicting the behavior of the 
package for various collis ion speed was established. 
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