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EXECUTIVE SUMMARY 

I. INTRODUCTION 

Losses suffered by the American public from automobile accidents have 

been a growing problem for the last fifty years. To take effective action 

to reduce such losses, traffic safety officials need good information about 

these accidents and their causes. Automobile accident reconstruction can 

potentially provide reliable information which can be useful in the admin

istration of justice for individual accident cases and for effecting highway 

legislation or automobile/highway design decisions when information from a 

variety of accidents is taken together. 

A great number of papers dealing with automobile collisions have 

appeared in the literature. It is the purpose of this report to review 

the primary reconstruction techniques described in the literature and to 

review the principal papers associated with the methods. 

II. RECONSTRUCTION METHODS 

Because of the great variability in type and nature of automobile 

collisions, the methods of reconstruction also vary. One approach to the 

categorization of these methods is according to the physical laws or 

mechanical principles upon which they are based. The two basic principles 

used are the principle of impulse and momentum and the principle 

of work and energy. For any particular accident or phase of an accident, 

the principles which are most appropriately applied depend upon what is 

best known about the forces acting on each vehicle through each accident 

phase. Because some principles are typically more appropriate during one 

phase than another, the principles are discussed relative to impact and 

trajectory phases. 

More detailed examination of any phase of an accident is possible 

using a digital computer simulation, and simulation techniques have there

fore been developed by various sources during the past few years. The most 

prominent simulation techniques are therefore described and evaluated, 

including some discussion of the computer programs SMAC and CRASH, which 

v 



were developed under contract to the National Highway Traffic Safety 

Administration. In general, there is a lack of computational efficiency 

in these programs because of the program generality required to simulate 

a large variety of accidents. 

III. PRINCIPAL CONCLUSIONS AND RECOMMENDATIONS 

A variety of automobile accident reconstruction methods are presently 

available. Because of the variability among accidents, the selection of 

the reconstruction principles to be applied in analyzing a given accident 

should be on the basis of the data available for that accident. It is 

suggested that, to facilitate this, a computer reconstruction system should 

be developed in modular form. Individual program modules could then be 

selected based upon the data available, and thus the reconstruction program 

could be tailored to the specific reconstruction problem needs. 

vi 
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AUTOMOBILE COLLISION RECONSTRUCTION A LITERATURE SURVEY 

I. INTRODUCTION 

A great number of papers dealing with the characteristics of automobile 

collisions have appeared in the literature. The overall motivation for pursuing 

the study of automobile collisions is to improve the safety of automobile travel 

through a better understanding of the predominant characteristics which lead 

to accidents and influence injury severity. Quantification of conditions of 

accidents and of vehicle and occupant behavior has led to many improvements 

in the design of vehicles and roadways, as well as being an aid to our legal 

system in administering justice. Simulation of vehicle collisions has played 

an important role in this progress. Yet, substantial potential for further 

improvement exists. 

A discussion of the factors affecting occupant injury in automobile 

collisions is presented by Marquardt.
l 

Marquardt has organized these factors 

into groups of vehicle-related factors ~hose relating to the collision 

external to the occupant compartment) and occupant-related factors (those which 

relate to occupant compartment interactions). The analysis presented shows 

that the actual injury incurred is determined by occupant-related factors for 

a given Peak Contact Velocity (PCV). Peak Contact Velocity is defined as the 

maximum relative velocity with which the occupant will contact the vehicle 

interior. The PCV is essentially the velocity change of the vehicle during 

the crushing phase, when the vehicles are brought from their original 

velocities to a common velocity in the forward phase of impact. Consequently, 

the determination of velocity changes in vehicle accidents is an important 

step in quantifying injury severity potential. The actual injury is a function 

of many occupant-related factors,and Marquardt has concluded that a statistically 

valid sample of the random occupant variables is necessary for drawing conclusions 

about the correlation of injuries to accident conditions. 

IJ.F. Marquardt, "Vehicle and Occupant Factors that Determine Occupant 
Injury," SAE paper 740303 (1974). 
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Although accidents staged with test dummies present a method for 

generating statistical data, a much larger number of accidents exists 

in the field. With the development of simulation techniques applicable to 

the reconstruction of field accidents, the first step towards tapping this data 

has been made. The National Highway Traffic Safety Administration is now 

sponsoring a National Crash Severity Study to obtain the first statistical 

data using a computer simulation program to reconstruct a large number of 

accidents across the nation. 

The purpose of this paper is to present a survey of the current 

literature available with respect to the development of accident simulation 

techniques. Before dynamic principles and simulation techniques are discussed, 

the reader is referred to J.F. Wilson's article "Two-Vehicle Collision 

Reconstruction: A Rational Computer-Aided Approach" for insight into 
2 the reconstruction problem. For the two-vehicle collision model, Wilson 

presents one possible set of system parameters (40 in this particular case) 

which could be used to define the impact and post-impact trajectory phases 

of an accident. Depending on the particular accident, the available evidence 

(e.g., tracking data and post-collision inspections), and the mechanical 

principles used to simulate or reconstruct the accident, the set of system 

parameters may be altered. However, Wilson's classification of the system 

parameters into subsets (most certain, less certain, least certain, and 

definite unknowns) defines a logical process for evaluating parameters for 

any given accident. As indicated, the common goal of simulations is 

generally to determine initial velocities and velocity changes, whether 

the motivation is an interest in occupant movement and injury potential 

studies, legal investigations, or other. 

2 
J.F. Wilson, "Two-Vehicle Collision Reconstruction: A Rational Computer-

Aided Approach," Vehicle System Dynamics 2 (1973). 
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II. MECHANICAL PRINCIPLES 

The reconstruction of vehicle collisions by using the dynamic principles 

of rigid bodies is certainly nothing new. With the introduction of the digital 

computer the capability to substantially increase the complexity of the 

reconstruction existed and it has been exercised. However, regardless of the 

complexity introduced, a basic understanding of the principles of impulse

momentum and conservation of mechanical energy with applicable assumptions 

is needed. Although there are different approaches for analyzing a collision, 

in general, vehicle collision reconstruction is separated into distinct 

phases of impact and pre- and post-collision trajectory. Consequently, 

the principles as applied to the individual phases will be discussed separately. 

Note should be made that, with the division of the analysis into separate 

phases (events) as presented here, the impact phase is modeled assuming that 

tire forces are negligible during that phase. Although this assumption is 
3 reasonable for most collisions, as noted by Grime and Jones and by McHenry, 

McHenry indicates that significant errors have resulted for moderate-speed 

intersection collisions in which multiple contacts occur. 

A. Impact Phase: Principle of Impulse and Momentu~ 

Most introductory dynamics texts present a discussion of the appli

cation of the principle of impulse-momentum (conservation of momentum) 

to the basic impact problem. Beer and Johnston present introductory dis

cussions for both central and eccentric impact. 4 A more complete yet 

fundamental treatment of the principle of impulse-momentum with specific 

reference to vehicle collision impact can be found in Reizes. 5 More detailed 

presentations of the principle applied to the impact problem can be found in 

3 G. Grime and 1. S. Jones, "Car Collisions--The Movement of Cars and 
Their Occupants in Accidents," Proceedings of Institute of Mechanical 
Engineering 184 (1969-70); R.R. McHenry~ "Computer Program for Reconstruction 
of Highway Accidents," SAE paper 730980 (1973). 

4F•P• Beer and E.R. Johnston, Jr., Vector Mechanics for Engineers: 
Dynamics 2nd ed. (New York: McGraw-Hill, 1972). 

5H• Reizes, The Mechanics of Vehicle Collisions (Springfield, IL: 
Charles C. Thomas, 1973). 

3 



Emori and in Goldsmith.
6 

Several assumptions are made in the application of the principles of 

rigid bodies to vehicle collisions. In traffic accidents the bodies (vehicles) 

undergo elastic and plastic deformations. Although the centers of gravity of 

the bodies are affected, the locations of the centers of gravity do not change 

radically during the impact phase and, therefore, are assumed to be constant. 

The mass moments of inertia of the vehicles are also assumed to be constant 

during and following deformation. Due to the substantial crushing involved 

in severe collisions, portions of the body structure (e.g., the occupant 

compartment) take an appreciable, though still short, time to reach a common 

velocity. Consequently, portions of the body structure or mass may undergo 

a change in velocity before the rest of the vehicle. This effect is not 

modeled in detail and all of the mass of the vehicle is assumed to have the 

same velocity at all times. In current simulations only two-dimensional 

vehicle motion has been included. Although pitching and rolling are present 

in essentially IIplanar" accidents, their effects are typically small and are, 

therefore, neglected. The influence of the preceding assumptions are considered 
7 by Grime and Jones. 

The impact phase of a collision can be further broken down into periods 

or subphases. Immediately following a collision, the relative velocities of 

two masses will tend to be equalized as the masses continue along their 

initial trajectories interacting by impulsive forces. Once a common velocity 

is reached, the forward impact, or period of deformation, of the collision 

terminates. At this instant, reaction forces acting to separate the masses 

are present if at least one of the masses is elastic to some degree. This 

period of the impact is commonly called the period of restitution, or rebound. 

It ends when the reaction force reduces to zero at vehicle separation. 

6 
R.I. Emori, "Vehicle Mechanics of Intersection Collision Impact," 

SAE paper 700177 (January 1970); W. Goldsmith, Impact (London: Edward Arnold, 
1960) • 

7 . 
Grl.me and Jones, "Car Collisions." 
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The ratio of the forces acting during the period of restitution to 

those during the period of deformation is called the coefficient of resti

tution. This ratio may also be viewed as that of the momentum transfer 

at rebound to the momentum transfer during crush. The coefficient of resti

tution varies between zero, for a perfectly plastic collision,and one, for 

a perfectly elastic collision. The principle of conservation of momentum 

is valid regardless of the value of the coefficient of restitution. In 

general, total mechanical energy is not conserved in impact problems except 

where the impact is perfectly elastic. Therefore, the coefficient of resti

tution serves as a measure of energy loss as previously noted. 

In application to vehicle collisions. the coefficient of restitution 

tends to be small. depicting the almost inelastic behavior of crushing 

automobiles. The coefficient of restitution is typically on the order of 

0.05 to 0.1 for symmetric head-on collisions of two automobiles.
8 

Consequently, 

it is common to assume perfectly plastic collisions which result in a common 

velocity after impact. Confirmation of the assumption of small coefficients 

of restitution is given by Marquardt. who has determined that a change 

of the coefficient from 0.0 to 0.1 would change the amount of energy absorbed 
9 

by only one percent. 

Given ample evidence, the assumption of an a priori coefficient of 

restitution is not required, and it is possible to calculate the coefficient. 

This calculation also provides a subjective check on the accuracy of the 

interpretation of the available evidence. The validity of the assumption 

of a perfectly plastic collision may be subjectively evaluated by considering 

the final relative positions of the vehicles involved.
lO 

Caution must be 

taken in considering the final distance between two vehicles as representative 

of the degree of elastic behavior because many variables which enter into the 

post-trajectory phase of a collision affect final rest positions. 

8Ibid . 

9 Marquardt, ttVehicle and Occupant Factors. tt 

10R.M. Brach, "An Impact Moment Coefficient for Vehicle Collision 
Analysis," SAE paper 770014 (February 1977). 
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Another treatment of the impact phase of a vehicle collision concentrating 

on an approach using the equations of impulse and momentum is presented by 

Brach. II Due to the inability to exactly locate the point of application 

of the resultant force impulses in vehicle collisions, Brach contends that 

the resultant of the total surface contact forces should consist of both force 

and moment impulses to accurately formulate the equations of impact. For a 

physical interpretation, the moment can be considered to be generated by the 

mechanical interlocking of parts of the deforming vehicles. In including 

moment impulse in the formulation, an impulse moment coefficient, similar 

to the coefficient of restitution, is introduce~corresponding to angular 

velocities. The moment coefficient ranges between negative and positive 

one. At negative one the angular impact is elastic, at zero the vehicles have 

zero relative angular velocity following impact, and at positive one no moment 

is transmitted at impact relating to the direct central impact problem. 

Brach's paper is the only known source to consider surface moment impulse 

in the context of vehicle collisions. Because little work has been done 

with this concept, it would be difficult to establish a priori values for 

the moment coefficient in vehicle collision analysis. When ample collision 

evidence is known,the moment coefficient can be treated as an unknown and 

the analysis accuracy can be improved. Brach presents one example in which the 

moment coefficient was treated as an unknown and calculated to equal 0.70. 

There1atively high moment coefficient value, approaching the direct central 

impact value, as well as the accuracy of collision analysis by others in 

which the moment impulse is ignored, would lead one to question the need for 

this approach and the additional complexity it introduces. However, the 

theory offers improved accuracy and additional work in this area appears 

warranted. 

B. Impact Phase: Conservation of Mechanical Energy 

Another approach to the analysis of the impact phase of vehicle collisions 
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is to use the principle of conservation of mechanical energy. The summation 

of the initial kinetic energies before impact and the energy absorbed (negative) 

by plastic deformation during the period of deformation, for the vehicles 

involved, must equal the summation of the kinetic energies of the vehicles 

at the instant the period of restitution ends. 

To use this balance of mechanical energy to reconstruct vehicle collisions, 

a method for determining deformation energy terms from post-collision crush 
12 profiles is needed. Wilson uses vehicle-to-vehicle crush data, showing that 

the mean vehicle crush deformation is linearly correlated to vehicle impact 

speed, to calculate the plastic work. 13 An identical linear correlation based 

on barrier test data for frontal impact is presented by Campbell to calculate 

what he refers to as an Equivalent Barrier Speed (EBS) for estimation of the 

energy absorbed by plastic deformation. 14 Equivalent Barrier Speed is 

commonly defined as the speed at which equivalent vehicle damage (based on 

equivalent energy absorption) is produced in a fixed barrier test of the same 

vehicle. Campbell tabulates the coefficients of the linear equation and the 

standard weight at which these coefficients were determined for four classifi

cations of vehicles. A linear force-deflection model which reproduces the 

barrier test linear relationship using the same coefficients is also developed. 

The tabulated data are valid only for frontal impact due to the limited 

availability of additional test data; however; the concept is valid for all 

types of collisions. Campbell proposes that the factors involved in a 

collision could be used to classify collisions into categories where EBS 

formulations valid for the particular categories could be used. To arrive at 

the additional EBS formulations, test programs supplemented by accident simu

lations are needed. 

l~.p. Mason and D.W. Whitcomb, "The Estimation of Accident Impact Speed," 
Cornell Aeronautical Laboratory Report No. YB-3l09-V-l (August 1972). 

l3Wilson, "Two-Vehicle Collision Reconstruction." 

l4K. L. Campbell, "Energy Basis for Collision Severity," SAE paper 740565 
0-974). 
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C. Trajectory Phases: Conservation of Mechanical Energy 

The trajectory phases of an accident can be reconstructed on the basis 

of conservation of mechanical energy. Following vehicle separation at the end 

of the period of restitution of the impact phase, the kinetic energy levels 

possessed by the individual vehicles are reduced to zero by frictional work between 

the vehicle and roadway. Thus the summation of translational and rotational 

kinetic energy following impact and of the frictional work (always negative 

work) during the post-collision trajectory must equal zero. Brief presenta-

tions of the principle and a means of calculating the total frictional work 

can be found in Emori and Taui and in Wilson. l5 

McHenry presents another discussion of post-impact-trajectory analysis 

based on energy dissipation by frictional work between vehicle separation 

and rest positions~6 Although this presentation is not a unique solution based 

on the theory, more detail of the development is provided. Steering is not 

considered in a detailed sense, and, in the initial development, a piecewise 

linear idealization of the linear and angular velocity time histories is 

assumed with abrupt changes in deceleration rates between linear and angular 

motion. In other words, when the vehicle slides laterally, the angular 

velocity is assumed constant while the linear velocity is decelerated, and 

the opposite is assumed when the direction of linear velocity is aligned with 

the longitudinal axis of the vehicle. By approximate integrations of the idealized 

velocity versus time plots and rigid body mechanics, approximate linear and 

angular deceleration times are found. Assuming the linear and angular phases 

of motion end at approximately the same time, equations relating the separation 

velocities to displacements, the friction coefficient, and vehicle geometry 

are derived. Although this initial development has been found to have several 

shortcomingQ, it is a fairly complicated approach and offers an alternative 

method for trajectory analysis. This general approach as well as a method 

based on integration of equations of motion will be further discussed later 

in this paper. 

l5R.1. Emori and M. Taui, "Vehicle Trajectories After Intersection 
Collision Impact,1I SAE paper 700176 (January 1970); and Wilson, "Two-Vehicle 
Collision Reconstruction." 

l6R. R• McHenry, "A Comparison of Results Obtained with Different Analy
tical Techniques for Reconstruction of Highway Accidents," SAE paper 750893 (1975). 
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Note that although the discussion has been focused on post-impact

trajectory analysis, the principles can as easily be applied to pre-impact 

trajectories in order to find initial velocities prior to braking or skidding. 

Typically, pre-impact-trajectory analysis is simplified because angular 

velocities are negligible. 

III. SIMULATION TECHNIQUES 

In this section a discussion of several simulation techniques combining 

available evidence and mechanical principles are presented. As described in 

the previous section, alternative methods for developing simulation techniques 

exist, and the techniques presented in the following discussion will reemphasize 

this fact. However, the simulation techniques discussed are not limited to 

the general approaches previously presented. 

Vehicle collisions have been reconstructed for some time with hand 

calculations by using the dynamic principles of rigid bodies, as previously 

discussed. Given accident layouts with tire tracks, impact point, and rest 

positions, an investigator can estimate accident conditions. The velocity 

of each vehicle at the termination of the period of restitution can be 

aproximated by using conservation of mechanical energy and assuming friction 

factors. With further assumptions and the principle of impulse and momentum, 

the impact phase can be analyzed to approximate inital contact velocities. 

If tire tracks indicate braking or skidding before impact, conservation of 

mechanical energy can again be used to approximate initial velocities. By 

varying the assumed values in the calculations (e.g., friction coefficients), 

a sensitivity study can be made and for most accidents a reasonably accurate 

reconstruction is obtainable. Reizes reconstructs several vehicle collisions 

with hand calculations. 17 

Wilson outlines two individual algorithms applicable to the estimation 

of initial speeds and the post-impact-trajectory lengths of an accident. 18 

The algorithms are not designed to be used together as modules, as the input 

and outputs between them are not consistent. 

17Reizes, Mechanics of Vehicle Collisions. 

18Wilson, "Two-Vehicle Collision Reconstruction." 

9 



The first algorithm has outputs of initial velocities, post-impact 

linear and angular velocities, and the force impulse. The algorithm is based 

on the conservation of mechanical energy in combination with the impulse

momentum principle. This approach is different from those discussed previously 

in that the force impulse is left as an unknown and the coefficient of resti

tution is not introduced. A numerical example of an oblique impact is used 

to illustrate the algorithm. Another example of a central impact is also 

presented; however, in this case the algorithm as previously presented was 

not implemented. Instead Wilson uses the conservation of mechanical energy 

in combination with the conservation of linear momentum where the force impulse 

has been eliminated as a variable. The assumption of a coefficient of 

restitution is not noted, although its use is implicit in the assumption 

of a common post-impact velocity, which is equivalent to assuming a coefficient 

of restitution equal to zero. 

The second algorithm for trajectory estimation uses a vector equation 

describing the locations of the vehicles in combination with equations used 

in the first algorithm to arrive at admissible solutions. In this case the 

definite unknowns are the post-impact-trajectory lengths. Initial velocities 

are classified as least certain and are input with lower and upper bounds. 

Numerical examples for the second algorithm are not presented. 

Cal span Corporation appears to have done more in the area of accident 

reconstruction by computer simulation than anyone else. 19 It is Calspan's 

CRASH computer program which is being used in the National Crash Severity 

Study mentioned in the introduction. The Calspan Reconstruction of Accident 

~eeds on the ~ighway (CRASH) program is actually a refinement of a routine 

(START) used to generate initial approximations for a much more detailed 

simulation program called SMAC (limulation ~odel for Automobile £ollisions). 
I 

19R. R• McHenry, "Development of a Computer Program to Aid the Investigation 
of Highway Accidents," Cornell Aeronautical Laboratory Report No. VJ-2979-V-l 
(December 1971); R.R. McHenry et aI., "Mathematical Reconstruction of Highway 
Accidents,11 Interim Technical Report No. DOT-HS-800 801, prepared by Calspan 
Corp. for DOT (January 1973); McHenry, "Computer Program for Reconstruction"; 
McHenry, "Comparison of Results"; and R.R. McHenry and J.P. Lynch, "CRASH-2 
User's Manual," Cornell Aeronautical Laboratory Report No. ZQ-5708-V-4 
(September 1976). 
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The SMAC program is an algorithm which predicts a time history response 

and corresponding evidence (i.e., rest positions, damage, and tire marks and 

tracks) when initial approximations of the collision conditions are input. 

In the reconstruction of accidents, successive iterative runs are performed 

until an acceptable match with real accident evidence is obtained. 

In general, the uniqueness of SMAC is in its generality and the extent 

of analytical detail. Equations based on the fundamental physical laws and 

empirical relationships are used to balance the applied and inertial forces 

and moments acting on vehicles throughout an accident. Empirical laws are 

introduced to treat collision and tire forces simultaneously. The analytical 

assumptions which are made for the collision force aspect of the impact and 

differ substantially from those previously discussed are outlina:l by 11cHenry: 

1. the vehicles are treated as rigid bodies, each surrounded 

by a layer of isotropic, homogeneous material exhibiting 

elastic-plastic behavior; 

2. the dynamic pressure in the peripheral layer increases 

linearly with the depth of penetration relative to the 

initial boundary of the deflected surface; 

3. the adjustable, nonlinear coefficient of restitution 

varies as a function of maximum deflection. 

The "friction circlell concept for introducing tire forces, which is a method 

of limiting tire forces to those obtainable by coulomb friction, is also out-
20 

linedby McHenry. 

The SMAC-predicted time histories of vehicle responses during impact 

and spinout trajectories are generated by step-by-step integration of con

tinuous equations of motion over the time interval of the accident. A 
21 derivation of the equations implemented in SMAC is outlined by McHenry. 

A simpler presentation of equations of motion applicable to vehicle collisions 

20 
McHenry, "Computer Program for Reconstruction." 

2~cHenry, "Development of a Computer Program." 
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is outlined in Appendix 2 of the paper by Grime and Jones. 22 Although, as 

McHenry shows, SMAC is obviously more complex in its treatment of collision 

and tire forces than the presentation in Grime and Jones, the integration of 

equations of motion to generate time responses should be readily apparent from 

either reference. 

The SMAC program has been found to yield ± 5 percent accuracy in velocity 

estimation in certain test cases.
23 

However, a sufficiently detailed definiton 

of the accident is required to obtain this level of accuracy and to take 

advantage of the benefits provided by SMAC predictions. There are numerous 

examples in the literature of application of SMAC.
24 

The development of the 

CRASH program was prompted by a need to reconstruct accidents where a detailed 

definition of the accident was lacking. Although the range of accuracy with 

CRASH is decreased to about ± 12 percent, a 75 percent cost savings per run 

is obtained and the program inputs are less detailed. These factors provide 

for a broader application potential. A discussion of CRASH and comparative 
25 

results from CRASH and SMAC is presented by McHenry. 

The CRASH program contains two methods of analyzing accident evidence. 

The first method is an extension of the trajectory analysis, based on energy 
26 dissipation by frictional work, introduced earlier in this paper. Appli-

cation of this trajectory analysis to SMAC-generatedspinout trajectories 

revealed that shortcomings existed due to assumptions and idealizations in the 

original derivation. Modifications were introduced to avoid the assumption 

that linear and angular motion terminated simultaneously, the errors intro

duced in the integration of the velocity plots, and the assumptions that 

22Grime and Jones, "Car Collisions." 

23 McHenry, "Comparison of Results." 

24 M.E. James, Jr., and H.E. Ross, Jr., "Improvement of Accident Simulation 
Model," Texas A&M Research Foundation Report No. RF-3258-1 (November 1976); 
McHenry, "Development of a Computer Program"; McHenry et ai., "Mathematical 
Reconstruction"; and McHenry, "Computer Program for Rec;)nstruction." 

25 
McHenry, "Comparison of Results." 

26Ibid • 
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deceleration rates between linear and angular motions changed abruptly. 

Although the details of the modifications are sketchy, it is apparent that 

SMAC was implemented to generate empirical relationships used in the result

ing equations. By combining this trajectory analysis with an impact phase 

analysis based on the impulse-momentum principle, the change in velocity 

during impact and initial impact velocities are obtained. 

The second analysis method in CRASH is an extension of Campbell's 

damage analysis technique. 27 The linear damage analysis is based on a spring

mass-dissipator system using potential energy relationships and conservation 

of momentum to derive expressions for velocity changes during the impact 

phase as a function of the absorbed energy in crushing deformation. The absorbed 

energy calculation is based on Campbell's work in which gross approximations are 

made for the empirical coefficients for side and rear collisions. The computa

tion of the absorbed energy is accomplished by integration of the energy 

equations by trapezoidal approximations where coefficients are shown in tables. 

The impact phase velocity changes calculated with the two analysis 

methods contained in the CRASH program are comparable, although the trajectory 

analysis must be used in both cases to calculate initial impact velocities. 

IV. CRITIQUE: APPLICATION OF COMPUTER SIMULATION 

The first computer program to be used on a large scale for accident 

reconstruction was Calspan's SMAC program. As previously noted, the SMAC 

program was designed to be very general, thus allowing its application to a 

large spectrum of accidents, assuming sufficient detailed evidence existed. 

The generality, however, causes several problems. First, the program is of 

significant size, requiring a large computer for storage and computation. At 

The University of Texas at Austin, where the program has been used to reconstruct 

field accidents, it was advantageous to store SMAC and do computation on a 

CDC 6600, while input and output were handled with a PDP 11/40. Calspan used 

27 Campbell, "Energy Basis for Collision Severity." 
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a similar approach to handle the program at one time, as described by McHenry 
28 

et al. Second, it is likely that the complexity and analytical detail 

incorporated into the program are not required to obtain comparable accuracy 

for certain accidents. The second point is especially true when detailed 

evidence is not available. For instance, for frontal impact accidents at 

high speeds a simplified reconstruction using the assumption of a coefficient 

of restitution equal to zero is likely to be of sufficient complexity to 

obtain suitably accurate results. 

Some of the drawbacks noted above for the SMAC program contributed to 

Calspan's reasoning for developing CRASH, as previously noted. The alternative 

methods provided with CRASH for approximating impact phase speed change make 

it possible for the user to select the results based on the most reliable 

evidence available. At the same time, comparison of results from the alternative 

methods provides a check on the compatibility of the various evidence items. 

The drawback encountered with the CRASH program is the loss in accuracy. 

The accuracy loss in the CRASH trajectory analysis routine is due to 

the use of approximations, leading to idealized velocity versus time plots 

for the derivation of the energy balance equations representing the trajectory 

phase, instead of direct integration of equations of motion during this phase. 

In SMAC the equations of motion are integrated directly over the trajectory 

phase as well as the impact phase. Integration of the equations of motion 

over the impact phase introduces a number of disadvantages due to the short 

interval of impact time during which rapid changes take place, as the integra

tion time steps must be very small to maintain accuracy. Additionally, SMAC 

requires a great deal of computational effort at each time step during the 

impact phase to balance the pressures acting on the vehicles across the impact 

interface. Therefore, the impact phase analysis used in the CRASH program, 

which is based on the impulse-momentum principle, is a worthwhile trade-off 

for simplification. However, for the trajectory phase, large time steps are 

28 
McHenry et aI., "Mathematical Reconstruction." 
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appropriate and interface pressures need not be calculated, making the 

trade-off to a less accurate solution, such as the CRASH program trajectory 

analysis, questionable. 

For the damage-based approximations of the CRASH program, based on 
29 Campbell's work, the main drawback, as previously noted, is the lack of 

experimental data for other than frontal impacts. For this reason it may be 

desirable to rely more heavily on other methods of approximation, such as 

impulse-momentum solutions. However, there are classes of accidents for which 

impulse-momentum methods are not applicable, (e.g., accidents at slower speeds), 

and a method based on damage analysis is the only attractive alternative. In 

this case the CRASH program damage analysis is as good as one may expect to 
30 achieve with a simplified approach and is suitable for most cases. 

The two algorithms developed by Wilson are similiar in nature to the 
31 CRASH program. However, both of these algorithms rely on calculating 

the total plastic work using a linear correlation between vehicle impact speed 

and mean vehicle crush. 32 It is not evident in the literature that the validity 

of the algorithms has been substantiated, and it is extremely doubtful the 

results could be any more accurate than those of CRASH. 

In conclusion, it appears that a number of different algorithms or 

modules appropriate to different classes of accidents with different types 

of evidence would be an attractive alternative to a general algorithm for 

application to a wide spectrum of accidents. By using a modular approach 

extended to apply to different stages of any particular accident, the 

complexity of the total package could be reduced while taking advantage of 

the specific evidence available and making appropriate simplifying assumptions. 

As a proposed scheme an algorithm package including a trajectory analysis 

based on the full integration of equations of motion and an impact analysis 

based on the principles of impulse and momentum could be used to reconstruct 

accidents with full impacts. 

29 Campbell, "Energy Basis for Collision Severity.,1 

30 McHenry, "Comparison of Results." 

3~ilson. "Two-Vehicle Collision Reconstruction." 

32 
Mason and Whitcomb, "Estimation of Accident Impact Speed." 
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V. SUMMARY 

The common goal of vehicle accident simulations is generally to determine 

initial velocities and velocity changes, whether the purpose is occupant 

movement and injury potential studies, legal investigations, or other. To 

explore the alternative methods of accident simulation or reconstruction, an 

understanding of the application of the principles of impulse-momentum and 

conservation of mechanical energy with applicable assumptions is needed. 

Dividing the vehicle accident into separate phases of impact and pre- and post

trajectories, the basic principles and assumptions were discussed in this report 

as they pertain to each phase. A wide variety of potential simulation algorithms, 

combining different assumptions, models, and mechanical principles exist. 

S 1 1 . h dId b Wil 33 d C 1 C . 34 evera a gor1t ms eve ope y son an a span orporat10n were 

discussed and critiqued. It is the authors' opinion that a package of modular 

algorithms, including a trajectory analysis based on the integration of equations 

of motion and an impact analysis based on the principles of impulse and momentum, 

is the most advantageous approach to vehicle accident simulation. This type 

of algorithm package would be applicable to different phases of vehicle accidents 

under different circumstances (accident classifications) and is an approach 

that would maintain simplicity and take full advantage of applicable 

assumptions under the different circumstances. 

33Wilson, "Two-Vehicle Collision Reconstruction." 

34 . 
See note19. 
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