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INTRODUCTION 

This paper serves as an introduction to the subsequent three 

papers which deal with the characterization of the severity of the 

environments to which cargo will be subjected in transportation acci

dents. This work was jointly sponsored by the Division of Waste 

Management of the AEC and the Office of Hazardous Materials of the 

DOT. Conclusions that might be drawn or inferred in these papers, 

however, are those of the authors and not the sponsoring agencies. 

PURPOSE 

The purpose of this study was to determine the severity of t rans

portation environments. It does not, and was not intended to, address 

the expected response of containers; this, of course, is very container 

dependent, and our purpose was the more basic one of describing how 

frequently the forces seen by a container are, for example, more 

severe than those experienced in a 30 foot drop. 

This characterization of the environment is only one step in an 

overall r isk analysis. Depending upon definition of terms, there are 

about four different quantities that must be established to arrive at the 

r isk involved in shipping hazardous material . These are: 

if. 
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(1) the frequency of accidents ; 

(2) the environment that r e su l t s from this accident; 

(3) the r e sponse of the cargo to this environment; and 

(4) the consequences if the cargo response is unfavorable. 

Our or iginal intent was to deal only with step (2) with the goal of 

de termining what r e levance the Regulatory Test Standards possessed 

with r e spec t to the predic ted accident envi ronments . Pa r t way through 

the analys is it became apparent that s teps (1) and (2) could not be ade

quately separa ted; this problem revolved around the definition of an 

accident. The meaning of a s ta tement that, if an accident occurs , it 

has a 0. 5 probabi l i ty of being g r e a t e r than a given sever i ty is highly 

dependent upon what const i tutes an acc ident - - i f those accidents in 

which a fender was slightly damaged a r e included, the expected sever i ty 

i s much l e s s than if only those accidents in which someone was fatally 

injured a re considered. The solution to this enigma is through use of 

accident r a t e s . If it is known how many accidents occur per vehicle mile 

and this same accident definition is used to desc r ibe the environmental 

probabil i ty, it becomes possible to cha r ac t e r i z e the exposure in t e r m s 

of probabil i ty per mile and to make it independent of the re la t ive ly 

a r b i t r a r y definition of the accident. Therefore , the ficnix's -hat will be 

p resen ted in these p a p e r s will include both s teps (1) and (2) and will be 

the probabi l i t ies of exper iencing the var ious t e m p e r a t u r e s , energ ies , 

o r forces for a given number of vehicle mi l e s . 

MODES 

This study includes three t r anspor ta t ion m o d e s - - a i r , truck, and 

t ra in . Of these , pe rhaps somewhat surpr is ingly , the a i r t r anspor ta t ion 

study was the most s t ra ight forward and resu l t ed in the most accura te 



analysis. Two reasons exist for this: the data sources contained more 

of the information required for this t3'pe of an analysis and, secondly, 

the energies involved in aircraft crashes are so great that many assump

tions related to the vehicle response are of little consequence here but 

demand better definition for surface transportation. 

The truck accident is next in the degree of complexity required 

for its description. The major problem encountered is that the environ

ment is dependent not only upon the velocity and conditions of the acci

dent and the response of the truck to these conditions but also upon the 

other cargo in the t ra i ler and how the cargo is positioned and braced. 

The most complex accidents to analyze are those involving 

trains--not only is the description complicated by the necessity of pre

dicting the response of cars at varying distances from the disturbance, 

and by the same cargo dependence as was mentioned above for trucks, 

but also because the type of data necessary for this train type of analy

sis apparently have not been compiled. This, coupled with the difficulty 

in arriving at a realistic description of the forces involved in derailment 

accidents, results in a lower degree of confidence in the train results . 

It will be a temptation at the completion of these presentations to 

compare the accident severities of the three transportation modes. 

While this information is certainly indicative of the relative r isks, 

attempts to draw strong, absolute conclusions are inadvisable. In both 

truck and train accidents, the environment is heavily cargo dependent 

and, although load configurations have been chosen which are believed 

to be typical of present shipping practice, different loading methods 

can lead to significantly different conclusions. The primary usefulness 

of this study is : 

1. to establish that these problems are amenable to analysis 

in a quantitative sense. 
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2. to determine a description of the environments to be ex

pected in transportation accidents, and 

3. to provide a basis for establishing regulatory test stan

dards to optimize the protection afforded in shipping 

hazardous materials . This applies in particular to de

termining what increase or decrease in protection is 

afforded by alteration of the hardness of the container. 

SEVERITY LEVELS 

In these reports, reference will be made to the probable number 
o 

of accidents exceeding a certain severity level in 10 miles (for example). 

These severity categories are arbitrary, and are not necessarily con

sistent with respect to the physical parameters of the accident from one 

mode of transportation to another and, based upon the precedent estab

lished in Wash. 1238, are used merely as a convenient qualitative indi

cation of an accident's severity. 

ENVIRONMENTS CONSIDERED 

Analysis was attempted of five accident environments: impact, 

fire, crush, puncture, and immersion. Each of these possesses a cer

tain generic quality, but for the purposes of this study a more rigorous, 

consistent definition was required. 

Impact is defined as a collision between a container and some other 

body where the force of the collision is applied over a wide area of the 

container. The forces involved in the process typically occur over time 

scales of less than 10 milliseconds. The parameter chosen to charac

terize the impact environment is E /W; i. e. , the energy transferred to 

the container in the collision per unit weight of the container. 



Fire is defined as the subjection of a container to a high tempera

ture environment produced by combustion. There are two physical pa

rameters of interest here, the fire temperature and its duration. 

Within limits, the container response can be approximated as a function 

of the product of these parameters , so this product, Tt, is used to 

describe the expected fire environment. 

Crush is a catch-all te rm dealing with mechanical loading that 

cannot be characterized as impact, puncture, or immersion. In general, 

it constitutes the relatively long time ( » 10 msec) loading on the con

tainer resulting from the inertial loading from other cargo in truck or 

train accidents or from heavy sections of the vehicle resting on top of 

the container. The crush accidents have been categorized by the total 

force in pounds applied to the container. 

Puncture is defined simply as a collision of a container with a body 

or bodies which possess the capability of penetrating the protective 

structures of the container. Analysis of this process indicates that the 

environmental parameter which most strongly influences the probability 

of penetration is the relative velocity of the collision V divided by the 

radius R of the probe. 

Immersion is defined as the submersion of the container in a 

liquid medium, most frequently water. The environmental criterion 

used to define the immersion threat is feet of water. 

DATA PRESENTATION 

These environmental data are presented in a probabilistic form. 

This is best demonstrated through the example shown in Fig. 1. This 

curve, which is illustrative only and does not represent any real con

dition, shows the probability of experiencing an accident per vehicle 



mile which is more s e v e r e than that experienced by a drop from a given 

height onto a flat, unyielding t a rge t . F o r this case , if one has a con

ta iner that will survive at 1 5 feet and fail at 1 5 feet, the probabil i ty 
-9 

per mile of having a container fail is 1. 5 x 10 ; if the container were 

hardened to withstand a drop height of 22 feet, the failure probabi l i ty 
-9 

per mile would dec rea se to 10 
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Fig . 1. P robab i l i ty pe r Vehicle Mile of Exper iencing 
Accident more Severe than Given Drop Test 

This is an appropr ia te place for another word of caution concern

ing in terpre ta t ion of the data which a r e to be p resen ted . In many c a s e s , 

the environment is compared to the Regulatory Test S tandards . It must 

not be inferred that because the environment exceeds these levels r a the r 

frequently, that frequent ca tas t rophic accidents a r e predic ted . Most 

hazardous ma te r i a l conta iners do not fail precipi tous ly at the test s tan

dard leve ls and probably can withstand seve ra l t imes these values 

before g ross des t ruc t ion o c c u r s . 



METHOD OF ANALYSIS 

The specific methods of arriving at this type of curve for the sev

eral environments will be discussed in the reports on the individual 

modes. All methods did possess the same general structure, however. 

They began with a statistical description of the various types of accidents 

for a particular mode; i. e . , for trucks, these types included head-on, 

side on, and rea r end collisions with other cars or trucks, collisions 

with stationary objects, overturns, etc. The velocity distributions for 

these occurrences were then derived based upon available data. This 

information was used as the forcing function on the transport vehicle, 

and the vehicle-container interactions were determined. This infor

mation was then coupled with analytical models of the type of environ

ment being considered (impact, crush, etc. ) to arr ive at an environ

mental prediction. 

In a few instances (notably truck and rail crush and puncture), the 

environment unfortunately depends upon what other cargo is present in 

the car r ie r . This means these environmental descriptions are strictly 

valid only for the assumed load composition but, it is believed but not 

proven, they are reasonable for general transportation of type B contain

e r s of about 2 ton or less . This analysis, therefore, is not pertinent for 

large radioactive material casks or bulk carriage of hazardous materials 

although the same methods could be used to solve these problems. 

After these predictions were available and, for purposes of dis

cussion, the arbi trary severity levels established, it was possible to 

combine the various environments to determine how frequently accidents 

will occur with severities in excess of specified levels. This joint prob

ability analysis, which is possible if the different probabilities are in

dependent, is in a sense the final result of the analysis. If one knows 

the ultimate capability of a container to withstand fire, puncture. 



impact , c rush , and im.mersion, one can de te rmine how frequently 

that container will be defeated. It is a lso of in teres t that the joint p rob

ability ana lys is shows that seve ra l of the cn \ i ronmen t s in each mode a re 

inconsequential re la t ive to the o ther envi ronments . 

QUALIFICATION TEST LEVELS 

These r e s u l t s cannot by t h e m s e l v e s es tabl ish the des i rab le qual i 

fication tes t leve ls . They do point out two things: 

1. It is not reasonable to es tab l i sh these levels to cover 

all conceivable accidents , and 

2. Regions on the curve exist where it becomes m o r e and 

m o r e expensive to protec t against fewer and fewer 

acc idents . 

To i l lus t ra te , r e f e r to Fig . 1. Note that this curve becomes asymptot ic 

as one cons ide rs higher and higher drop heights , but does not r each a 

zero probabi l i ty value. This is r a the r typical of this s tudy 's r e s u l t s . 

Secondly, note that if the package will protec t against a 20 foot drop 

r a the r than a 10 foot drop, the predic ted failure ra te will be reduced 
-9 -9 

from 2. 5 xlO to about 1. 1 x 10 per mile but increas ing the p r o t e c 

tion to survive another ten feet will only d e c r e a s e the probabilit}- to 
-9 

0.65 X 10 ; this again occu r s frequently and suggests a I'egioti where 
tes t levels might be set based on economic fac tors . 

METHOD OF PRESENTATION 

The th ree pape r s which follow cover air , motor c a r r i e r , and ra i l 

accident pred ic t ions . Th is subdivision was chosen to, hopefully, allow 

the r e s u l t s to be presen ted with g r e a t e r c lar i ty . It is cont ra ry to the 



manner in which the work was performed in which one individual ana

lyzed all the fire environments, another all the immersion environ

ments, etc. Hence, the person making the presentation may not be able 

to answer a particular question but might refer you to the individual 

who actually performed the analysis. 

There is no way, either in the papers ot* in the presentation, to 

present sufficient detail to justify the analyses presented. However, 

interested persons are referred to our reports on this subject which, 

when they are released, will be referenced as Sandia Laboratories 

reports SLA-74-0001, SLA-74-0002, and SLA-74-0003. 

This analysis has been a long, time-consuming, and frequently 

frustrating undertaking. It is recognized that too little is known about 

transportation practices which could create the basis for erroneous 

assumptions. These, of course, can be corrected. After having con

ducted this exercise, it is believed that it is both possible and appro

priate to analytically describe, at least to first order, the environments 

to be expected in transportation accidents. The value of being able to 

do this is at least three-fold: 

1. it is an important and necessary step in assessing the 

probability of breaching a hazardous or radioactive 

material container during transportation; 

2. it permits quantitative estimates to be made of the value 

of altering shipping practices and methods; and 

3. it allows judgement to be made of the reasonableness of 

qualification test levels for hazardous materials pack

ages based on a cost effectiveness argument. 
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