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ABSTRACT 

The Commission of the European Communities has financed some research work 
carried out jointly by the french "Commissariat à l'Energie Atomique" and 
the belgian company "TRANSNUBEL", in the field of stowing containers for 
radioactive materials on trucks. 

Besides a search for data concerning normal- and accidental transport con
ditions resulting in the selection of 2 reference type accidents : 
• a front-end collision against a rigid barrier at an impact speed of SO 
km/h 

. a side-on collision of an impacting vehicle at a speed of 25-35 km/h 
against a truck loaded with a container 

a mathematical model has been developed by means of the CEA Trico code to 
compute a frontal impact in which the container (1.3 t weight), is stowed 
by means of 4 tie-down members, each for a nominal load of 2 t. The ob
tained results indicate the stowing being insufficient and the attachment 
points to weak to keep the container on the platform. 

Real tests have been performed to verify these results and to look for a 
possible solution. Tie-down meabers and chocks have been defined on the 
basis of static- and dynamic tests for being used in 8 crash tests (5 
front-end and 3 side-on). Different containers (low- and high center of 
gravity) and different ways of stowing have been tried out. 

On the basis of the obtained information an attempt is made to word a code 
of good practice for stowing, by means of tie-down members and chocks, 
packages on a truck platform. 



J. Draulans 3 

1. Introduction : most of tiie available information concerning the trans
portation of packages containing radioactive materials relates to the 

package itself. Some Information can be found concerning the stowing of 
such packages, for example on trucks ; however only normal transportation 
conditions are considered. Nearly no information was available concerning 
the stowing of such packages whilst accidental conditions are taken into 
consideration. 

In order to obtain more data concerning the behaviour of package tie-
downs in normal- and accidental conditions for the redaction of directives 
concerning the stowing of packages on ground transportation-means some 
study - and test tasks are financel by the Commission of the European Com
munities (CEC). 
The study is performed by the Commissariat à l'Energie Atomique - France 
and the Belgian company TRANSNUBEL in the frame of Research Contracts with 
the CEC. 

2. During the first part of the study, standards and directives have been 
collected in Belgium, France, the United Kingdom, Italy, the Nether

lands, the Federal Republic of Germany, Sweden and the USA. Additionally, 
advisory prescriptions and information have been received from national or 
international organizations, as well as from companies specialized in road 
and railway traffic. The collected data are grouped in Table 1 [1 to 9]. 
The most current standards concerning the strength of the stowing for road 
transportation are in the three directions (longitudinal, lateral and ver
tical) respectively 2g - lg - lg, while the maximum values are respective
ly 10g - 5g - 2g. For railway transportation the standards in many Euro
pean countries are 4g - 0.4g and 0.3g. 

On the basis of an inquiry made with truck- and waggon manufacturers 
about generated deceleration forces involved during transport vehicles and 
train accidents, the information, given in Table 2, has been collected 
[11 to 15]. 
Only limited information has been found available concerning deceleration 
values and forces during accidental conditions. 
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TABLE 1 

information concerning the prescribed decelerations to be considered for transport of goods 

Road and Railway 

Country or Organization 

United (d) UIC 
King- Italy Germany Sweden USA ISO + M««lw 

don countries 

References [1] [2,3,4] [5,6] [7] [81 
Specific 
for UF6 

[9] 

l.Road transport 

-technical advises yes yes yes 

prescriptions 

-accelerations 
attachm.points 

longitudinally 2g(a) 10g (c) 2g lg/0.5g 2g for 

10g(b) tanks backw. several t ie-

laterally lg la) 
10g(b) 

5g(c) Ig 0.5g lg downs 

vertically l g ( a ) 
3g(b) 

2g(c) 2g . . . lg res

traints 

2 .Railway transp > 
-accel. during 

normal transp• 

-attachai, points 

longitudinally 2g(a) 
LOg (b) 

4g 2g for 

tie-
*g 

laterally lg (a) 
10g (b) 

0.4g Ig downs O^g 

vertically Ig (a) 
3g (b) 

0.3g lg res
traints 

0.3g + 

others 

(a) proposal for rad. mat. transport 

(b) attachment points 

(c) tie-downs 
(d) member countries : Belgium, France, Germany, Italy, the Netherlands, Sweden, U.K., 
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3. In the second part of the study the following tasks have been performed 
- Collection of information concerning : 

. interactions between the type of vehicles and the packages and the 
deceleration forces at the level of the package ; 

. the frequency and the nature of the accidents. 
- The -selection of some reference accidents. 
- The selection of the type of package and tie-downs tc be used during 

the tests and for the determination by modélisation of the absorbed 
energy. 

- The definition of tests to be performed in order to verify the ob
tained theoretical data. 

- The definition of the instrumentation to be used in the tests. 

This information was collected from statistical data and a thecretical 
approach of the container behaviour in accidental conditions. 
The following information has been found or defined : 

3.1. Concerning the definition and analysis of reference accidental condi
tions. The behaviour of a truck during au accident has a direct in

fluence on the deceleration of the package. This behaviour depends par
tially on the way the truck is constructed. 
Trucks can be grouped in different categories : 
- the way they are constructed : frame versus self supporting cask ; 
- the main concept : truck (2 or 3 axles) versus trailer, truck versus 

truck + trailer. 
Most of the small trucks, in Europe up to 3.5 t as maximum allowed load 
charge, are built different as heavy load ducks. They have no main frame, 
as heavy load vehicles do, but are built as a self supporting cask. Such 
casks have a relative high deformation capacity in case of a frontend im
pact against an obstacle. The generated deceleration will be lower at the 
level of the loaded package compared to the ones generated in a similar 
accident of a heavy load vehicle, with a rather rigid frame. J'rom the 6 
types of trucks considered : a truck with either 2 or 3 axles, a trailer-
truck with either 3, 4 or 5 axles and a truck-trailer combination, it has 
been assumed that all other parameters equal a truck with a frame con
struction should generate the worst decelerations at the level of the 
package(s) in case of an accident. 
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TABLE 2 
Summary of Che received aosc interesting information concerning 

cruck. accidents. 

- Distribution of the accidents (highest Z found in littérature). 
in Z versus speed in Z versus type of ace. [14] 

50 km/h 61 [11] mobile obstacle 41 
5 0 - 8 0 km/h 53 [12] rigid 15 
80 - 100 km/h 28 [13] overturning 36.6 

fire 4 
in Z versus direction of impact [12] 
front-end 50 
side 41 
rear end 9 

- Decelerations during impacts : 1 up to 100g [15] 

Information on generated decelerations during crash tests has been found 
in publications of American [16] - and Japanese [17] tests. Deceleration 
values between 25 and' 94 g have been measured on the level of the packages 
during these tests. In all these tests however, the packages were free
standing on the truck platform without tie-downs. Teste with heavy 
shielded _sks, fixed on the load platform, have not been taken into ac
count. 

The frequency of cruck accidents has been defined on the basis of Belgian 
[10 and 18] and French [14] statistics. From the Belgian, French and Ger
man frequence [11 and 19] an average European heavy accident race/km has 
been defined. The values are given in Table 3* 

T'ie nature of the accidents is shown in Table 2: 
- most of the accidents happen at an impact speed of 50 km/h - correspond

ing Co a truck speed before the impact up to 80 km/h. 
- up to 50% result in a front-end collision. 
- up co 50% against a rigid- or a mobile obstacle. 
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TVBLE 3 
Heavy accident rate in some European Countries and European 

average rate of serious accidents 

" —«______^ Type of truck Light truck Heavy good 
vehicle 

Belgium [18] 8.2 x iO - 7 -
France [14] 7.6 x 1 0 - 7 3.4 x 10~ 8 

Germany (B.R.D-) [19] — 4.1 x 1 0 - 8 

European average rate of serious accidents/km 
. for light trucks : 7.9 x I0~ 7 

. for h.g. vehicles : 3.8 x 1C" 8 

3.2. concerning the choice of some reference accidents. 
Two types of reference accidents have been maintained : 

- a front-end accident against a rigid obstacle with a heavy goods vehicle 
built on a profile frame at an impact speed of 50 km/h. 

- a side impact accident with a same h.g.v. as mentioned hereabove at an 
impact speed of 25 km/h if the package is directly hit or 35 if the 
truck frame is hit itself. 

3.3. concerning the selection of the type of package and tie-downs to be 
used and determination of absorbed energes by modélisation. 

Most of the available test information concerns either crash test, with 
heavy goods trucks, loaded with a large number of freestanding containers, 
or of crash tests performed with a heavy load truck, carrying a shielded 
cask weighing several tens of tons. Such a heavy cask is fixed with spe
cial means on the special truck. In both cases one can not speak of stan
dard tie-down equipment. 
In order to obtain maximum information for the task to be performed, a 
container having an average weight of 1-3 tons has been selected. The 
container is shown on Figure I. 
Each tie-down shall *e able to support a weight of 1300 kg and will be 
composed of a hook, a shackle, a chain part and a chain tightener. 
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The tie-downs will fix, with a pretension lower thaa 1300 kg, the package 
on the platform as shown in Figure 1. The hook-shackle and chain tightener 
will be chosen stronger than the chain part to be sure that this latter 
part will be the one that absorbs the energy. 
Tensile tests have been performed to define the characteristics of such a 
tie-down system (15 chain links, chain link wire diameter : 14 mm, link-
length 69.8 mm - soft steel). The tests have been performed in 3 steps. 

In the 2 static tests at 40,000 N an clastic elongation of 0.56Z has been 
found besides a negligible plastic one. A dynamic effort, applied during 
0.2 sec at about 50,000 N resulted in a permanent plastic elongation of 
3.2Z. 

A static test, performed up to the breaking point, resulted in an elastic 
behaviour up to 100,000 N and a plastic one between 100,"00 and 125,000 N 
(breaking point). A supplementory elongation of 6.372 has been measured. 
The results are shown on Figure 2. 

3.4. by computing accident conditions. 
A finite element model has been designed for the container and its 

tiedowns on a truck platform for the determination by modélisation of the 
absorbed energy. A theoretical crash of this unit at an impact speed of 
50 km/h resulting in a shock lasting for 50 ms, has been considered by 
using the TRICO code. 
The truck deceleration curve and the speed evolution curve at the level of 
the attachment points are given on Figures 3 a and b. 
The tie-down is represented in the programme as a line of 10 finite ele
ments with 2 knots. Each link has a straight part and its tensile resis
tance to bending or twisting is not taken into consideration. The preten-
sion is neglected. 
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FIXING OF IL 37 PACKAGE (1.3 t weight) ON TRUCK PLATFORM 
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Characteristics, as there are : the Young dodule, the Poison coefficient 
and the elastic limit are fed into the programme for soft steel, lead and 
for a material equivalent to the tested tie-downs. 
The considered load consists in 3 parts : the inertial forces due to the 
impact, the gravity effect and the friction forces of the packages feed on 
the truck-platform. These 3 loads depend on the masses of the package 
parts and the accelerations. 
The performed calculation is a plastic one with dynamic piloting of the 
déplacements at the level of the "tie-dovn - truck-platform" joining. 
A deceleration of 40 g and a friction of the package feet on the truck 
platform of 0.25 ag have been introduced in the programme. 
The following results have been obtained : 
. first the eyelet, welded on the package, broke. 
. second : breakdown of the tie-downs. 
. residual speed of the package 9-10 m/s. 
. the total initial energy of the half package (62,500 J) s dividi in 
four parts - as shown in table 4. 

TABLE 4 
Calculation results concerning the container energy available 

at the moment of the impact. 

- 23.2% absorbed by deformation of the truck 
- 33.1% absorbed by rupture of tie-downs 
- 0.5% absorbed by friction of container 
- 43.2% NOT ABSORBED, resulting in a free container 

speed of 9 to 10 m/s 

Furthermore, close to the end of the crash (near 50 m/s), the rupture 
limite for both the package attachment point as for the tie-down was ex
ceeded. So reinforcement of the tie-down system is of no use. Only by 
doubling the attachment points and tie-dowi,. jr by chocking the package it 
could be possible to maintain the package on the truck-platform. 
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A. TRUCK DECELERATION CURVE 
15. SPEED EVOLUTION CURVE AT THE LEVEL OF THE ATTACHMENT POINTS 
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4. The third part of the study was dedicated to the verification of the 
results, obtained in the theoretical approach, by means of real crash 

tests. 
Again a number of static- and dynamic tests have been performed in order 
to obtain a tie-down system, convenient for a 1.3 t package on the 
platform of a truck, launched at 50 km/h against a rigid barrier. 
4 types of tie-downs have been selected, 2 for a nominal load of 2 tons 
and 2 for 2.5 tons, each time with standard accessories of 2 different 
manufacturers. Each tie-down was composed as follows : hook - shackle -
chain - chain tightener - hook - shackle. 
The obtained results are given on Figure 4 and Table 5. 

On the basis of the obtained results the following tie-down systems have 
been selected for the crash-tests : 
- a chain part for a nominal load of 2 000 kg composed of 15 links, 

650 mm long ; 
- hook-shackle on one side and shackle + chain tightener on the other side 
All these accessories are foreseen for a nominal load above 2 000 kg. 
Besides the tests on tie-downs some preliminary tests have been performed 
on chocks. Special chocks to bt fitted in reinforced rails, both shown on 
Figure 5 have been tested. The result is shown on Figure 6- (effort 
97,000 N - travel 40 mm). The surface below the curve is below 2,200 
joules. Several chocks will be necessary in case of the crash test. 

TABLE 5 
Results of the static tests on 4 tie-down systems. 

Manufacturer Nominal 
load in kg 

Elongation 
in mm 

Supported 
force in mm 

Observations 

S 
M 

2 000 
2 000 

143 
227.5 

135,000 
93,750 

opening of hook 
break of chain 
link 

S 

M 

2 500 

2 500 

143 

69 

193,750 

113,750 

break of chain 
link 
break of st *ckle 
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The crash tests were performed at the site of the U.T.A.O (Union Techni
que de l'Automobile et du Cycle) near Paris. 
The main goals of these tests were : 
- the definition of both the upper- and lower strength limits of tie-down 

systems by means of front-end and side-on impact accident simulations ; 
- the verification of the results, obtained by means of the theoretical 

approach ; 
- the attempt of definition of an extrapolation method of the obtained 

results ; 
- the preparation of a proposal of a code of good practice for selection 

and use of tie—down systems. 
A number of 8 crash tests, as given in table 6, has been performed. 
- 5 front-end impact tests ; 
- 3 side-on impact tests* 
The following equipment was used : 
- moving of the vehicle . the vehicle was pulled by means of a gas-oil 

driver winch ; the connection of the cable to the vehicle was made in 
such a way that an automatic disconnection of the cable was obtained at 
about 2 m before the rigid barrier. 

- the speed of the vehicle was measured in a point at 1 m of the rigid 
barrier by means of a photo-electric cell and 2 reflecting strips at 0.5 
m frou. each other. 

- accelerometers (full scale : 250 g) were fixed at several points on the 
vehicle and the package(s). 

- data transmission : all equipment on vehicle and packages as connected 
to a data collecting box on the vehicle. This box was connected by 
means of a cable to a mobile data requisition station. 

The first test was a reference one, with a 15 t cruck loaded with two l.3t 
packages having a low center of gravity (L.c.g.) launched at a speed of 
about 50 km/h against a rigid barrier in order to obtain information 
concerning the behaviour of the stowing of packages in a front-end crash 
and to define the average deceleration curve to be applied on a trolley in 
the following tests (for cost reducing reasons). The position of the 2 
packages is shown on Figure 7. Anchoring points with a nominal load of 
35,000 N were chosen as fastening points between the tie-downs and the 
truck platform. The obcained results are given in Table 6. 
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TARLE 6 
Perforemed crash tests 

Type of test Front-end Impact Side-on Impact 
Test number 1 2 | 3 1 4 | 5 6 I 7 | 8 

Type of vehicle 
Reference 
test with 
truck 

Test with a trolley, simulating a truck 

Type of package Package with low center of gravity 
Package with 
high center 
of gravity 

Package with low center of 
gravity 

Package with 
high center 
of gravity 

Type of stowing Tie-downs only 
Tle-douns + 

nylon webbings 
Tie-downs + 
chocks 

Tie-downs + 
chocks 

Tie-downs + chocks 

Results 
Impact on 
tie-down 

Impact on 
package 

Impact on 
package 

Impact speed n/s 13.14 13.33 13.0 13.25 13.77 7.42 9.05 7.33 
Package energy at mo
ment of impact in Joules 112,230 115,500 109,850 114,115 123,248 170,522 254,210 166,711 

Max. deceleration In 
g on package 15 - 10 14 23 30 35 25 110 - 126 55-60 

Package speed after 
crash In n/s 7.4 - 9.7 7.9 5.8 0 0 

X of energy absorbed 68.3 - 45.5 64.9 80.1 100 100 
Depth of panel 
penetration In ran Hm>=—==znm 60 55 40 

Drop height of package 
In m equivalent to 
<tafwge ^Z^====-======:^ZL 2.05 7 5.8 
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The truck showed a dynamic crushing of 600 mm and a static one after the 
test of 400 mm, some attachment points on the package broke• 
On the basis of the data from the 8 accelerometers, located on the 2 main 
frame beams an average deceleration curve has been drafted (Figure 8 ) . 
Several preliminary tests have been necessary to decelerate the trolley 
on the same way by means of the deformation of plastic tubes inside metal 
ones. The trolley and his package is shown on Figure 9. 

In the second test an impact speed of 48 km/h was obtained. 
The package was stowed with 4 (2 front - 2 rear) tie-down systems, iden
tical to the ones, used in the first test. The attachment points on the 
package were reinforced. 

In the third test the same package, used in the second test, was stowed 
on the trolley by means of tie-downs, identical to the ones used in test 
1 and 2, but doubled by means of nylon webbings. An impact speed of 
46.8 km/h was registrated. 

The fourth test was performed with the same package, and stowed by means 
of tie-downs and chocks. The package was kept on the trolley platform 
and 1002 o£ the initial package energy was absorbed. 

A same good result was obtained in the fifth test where the trolley was 
loaded with a package having a high center of gravity (H.c.g.). The 
package was also stowed by means of tie-downs and chocks. 

In the 3 side-on impact tests, 2 were performed with a L.c.g. package and 
L with the H.c.g. package. In each test the package was stowed on a 
truck by means of tie-downs and chocks (in the direction of traffic 
only) . 

The side-on impact was realised by means of a 6200 kg weighing impacting 
vehicle equipped with a ISO mm diameter 9tump object to hit either a tie-
down or the package itself. The impacting speed was reduced to about 
25 km/h. 
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In the sixth test, the impacting stump object hit a front tie-down near 
its attachment point, whereas in the seventh test the package itself was 
directly hit in the middle. Test number 8 was performed with a H.c.g. 
package, hit directly by the impacting stump object. 
From these 8 tests one can conclude : 
a) that it is possible to maintain a 1.3 t weighing package on the truck 

platform in case of a front-end impact at 50 km/h if properly stowed 
by means of tie-downs and chocks. 

b) that in such a front-end accident the highest deceleration to be consi
dered on the level of the package is among 35 g• 

c) that a 1.3 t weighing type B(U) package, properly stowed on a truck 
platform and directly hit by a stump object in a side-on impact suffers 
damages, above the I.A.E.A. norm, if the impacting vehicle, weighing 
about 6.2 t, has an impacting speed of about 25 km/h. 

d) that in such a side-on impact the deceleration on the level of the 
package can go up to 120 g. 

5. In the fourth and last part of the study an attempt has been made to 
word a code of good practice for stowing of packages on trucks. 

- separate items will be foreseen for attachment points and lifting points 
- the attachment points will be built for a 10 g load factor, the lifting 

points for 2 g. 
- packages above 500 kg will preferable be stowed by means of appropriate 

tie-downs and chocks. 
- the chocks and their fixation to the truck platform will have a resis

tance to shear equal to 30 times the weight of the package. The minimum 
chock height will be 50 mm (see Figure 10). 

- each of the 4 tie-downs wlxl be foreseen with nominal load factor of 1.5 
times the weight of the package; in case of stowing with tie-downs only 
they will be foreseen with a nominal load factor of 7.5 times the weight 
of the package (see Figure 10). 

- the tie-downs will be fixed to the package above its center of gravity 
and will be installed with the following angles : 
. in the vertical plane max. 45" with regard to the horizontal plan ; 
. in the horizontal plane max."45* with regard to the longitudinal axis 
of the vehicle. 
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