estimates in the more detailed and exact terms (the
probability of property damage, injury or fatality)
needed to compare appurtenance or safety improve-
ment alternatives on a cost/benefit basis.

5. The relationship between occupant safety
and vehicle dynamics during interaction with a high-
way appurtenance is very tenuous because it involves
to many widely varying factors such as occupant
physiology, size, seating position, attitude and
restraint and vehicle interior geometry and padding.
For this reason, it appears that a "general" tie
could best be developed between vehicle compartment
acceleration and the probability of occupant injury.
This tie should probably be based on unrestrained
occupants unless the use of restraint systems be-
comes mandatory in the future. The development of
such a tie would enable researchers to go back to
make new injury severity judgments for past vehicle/
appurtenance crash tests where good acceleration
data were documented.

6. It is reasonable for the minimum acceptable
occupant injury levels to vary, dependent on the
type of highway safety appurtenance involved. This
is on the basis that the "art of the possible" en-
ables lower impact resistances to be achieved, for
example, with small highway signs compared with

crash cushions.
7. Efforts are underway by others, such as

under NHTSA sponsorship, to develop an improved
instrumented anthropomorphic dummy that would be
more capable of simulating human movements and re-
cording human injury indicators in the occupant
compartment during a vehicle/appurtenance crash test.
The development of an improved dummy would enable
researchers to make more detailed and accurate in-
jury severity predictions. The dummies currently
used in vehicle/appurtenance crash tests do not
provide this capability.

8. Efforts have been made in the past by
researchers such as Michalski in Oregon and Olson in
Texas to relate the dagree of injury sustained in an
accident to the vehicle damage. Although consider-
able additional work would be necessary, it may be
possible to relate the observed type and magnitude
of vehicle damage to occupant compartment accelera~
tions, which in turn could be related to occupant-
injury severity.

9. A better tie between crash test data and
"real-world" accident injury severity could also be
developed by reconstructing actual accidents where
vehicle/appurtenance variables such as occupant
restraint, vehicle damage, impact speed, impact
angle, etc., and the actual level of injury are
known. KXnown accidents could be reconstructed in
controlled crash tests and simulated in computer
programs. Through this process, the relationship
could be developed between the data currently ac-
quired in a vehicle/appurtenance crash test and the
severity of injury that occurs in real-world acci-
dents where the parameters are similar to vehicle/
appurtenance crash tests already performed. This
would reduce the cost of such an effort.

ISSUE: UTILIZATION OF SIMULATION TO PREDICT
LIKELIHOOD OF INJURY

William T. Hollowell, National Highway Traffic Safety
Administration, Moderator

Other group members: Richard L. Chiapetta, Keith
Friedman, David J. Segal, Lawrence F. Spaine

The discussions first centered about the role simu-
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lation has in the benefit evaluation for a pro-
posed countermeasure to be introduced to the high-
way roadside. In considering all the parameters
associated with the accident environment, it was
concluded that crash testing alone provided limited
data for a full benefit evaluation, and therefore
simulation could fill the data needs provided that
a meaningful analysis could be accomplished. The
essential ingredients of a meaningful analysis in-
cluded: an accurate depiction of the accident
environment, an accurate (qualitatively and more
desirably quantitatively) vehicle-roadside object
simulation, an accurate occupant model and an accu-
rate injury predictor model (based on deterministic
occupant responses). The discussion then was di-
rected toward each of the simulations.

The vehicle-roadside object simulations were
first discussed. 1In particular, the status of the
GUARD, CRUNCH, BARRIER VII and HVOSM models was
presented with a particular emphasis placed on the
data needs of the models for simulating the acci-
dent environment. Such data as soil-post inter-
actions were mentioned to be lacking. A special
concern expressed was the validation of simulation
output compared with crash test results and/or
accident reconstructions. Also, the changing fleet
of automobiles presents a benefit evaluation prob-
lem in that an accurate projection of fleet dis-
tribution and characteristics are required for the

evaluation effort.
The occupant models were discussed. It was

generally agreed that, for the accidents simulated,
a three-dimensional occupant simulator was required.
In particular, the Calspan 3-D Crash Victim
Simulator (CVS) was discussed. The particular data
needs for this model included accurate data for
modeling various size occupants, accurate geometry
of the compartment interior, accurate energy ab-
sorbing characteristics of the vehicle interior
components, accurate crash pulses from the vehicle-
roadside object simulations, accurate models of the
restraint systems, etc. Of prime importance was
the need to make the CVS model user friendly. 1In
that detailed data sets are required for the model,
it was determined that efficient handling of data
sets would lead to fewer man-hours required by the
engineer to construct the model for the analysis.

The discussion next centered on the prediction
of injury and hence leading to the prediction of
the likelihood (or probability) of injury as re-
lated to physical information. First, the trans-
formation of results processed from crash test data
to injuries observed in the accident environment is
required. Second, responses calculated from occu-
pant models are generally different from those ob-
tained from crash testing. Hence, a transformation
from occupant simulation is required to close the
loop compared with the injuries observed in the
accident environment. Ongoing research being con-
ducted by Chi Associates (probability of injury)
and the University of Virginia /Safety Systems
Optimization Model (SSOM)/ was discussed as to how
these goals are being approached.

The concluding discussion then centered on per-
forming the benefit evaluation once the models are in
place. Again, the SSOM was discussed as to how that
model approaches the evaluation. In addition, the
Benefits Prediction Model (BPM) was discussed.





