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Introduction 

 

Virtual CRASH software is an application primarily 
used for motor vehicle accident reconstruction. In this 

article, results from a series of Virtual CRASH 

simulated vehicle-versus-vehicle collisions from the 
Research Input for Computer Simulation of Automobile 

Collisions (RICSAC) test series are presented; in 

particular, this article documents simulation results 

from the RICSAC 1, 2, 6, and 7 oblique 60° front-to-

side impact tests. 
 

The RICSAC Tests 

 
The Research Input for Computer Simulation of 

Automobile Collisions (RICSAC) crash tests have been 

discussed numerous times in prior articles 
[1,2,3,4,5,6,7,8,9]. This series of 12 staged two-vehicle 

crash tests were conducted under the auspices of the 

National Highway Traffic Safety Administration in the 
1970s to advance research in the modeling of motor 

vehicle collisions and have been commonly used for 

validation exercises by the creators of accident 
reconstruction simulation software since that time.  

 

The Virtual CRASH Simulator 

 

Virtual CRASH software 1 , now in its fourth major 

release (see Figure 1), is a multi-purpose, fully three-
dimensional accident reconstruction software package 

developed by Virtual CRASH, s.r.o., a software 

company based in Europe. Virtual CRASH includes 
pure path animation (prescriptive modeling) capability, 

as well as a kinetic time-forward simulation engine that 

uses rigid-body dynamics to simulate collisions 
between various objects within the simulation 

environment (predictive modeling). Virtual CRASH is 

also a vehicle dynamics simulator, so both pre- and 
post-impact trajectories can be analyzed, and driver 

inputs can be modeled and accounted for. Virtual 

CRASH also has a generalized multi-point contact 
impulse-momentum model for simulating pedestrian, 

bicycle, and motorcycle impacts [10]. Virtual CRASH 

offers a unique and innovative workflow that allows its 
users to control simulated driver inputs with mouse 

commands via fast-control icons, which bypass the 

necessity for using input data tables like in other 

simulation packages (Figure 2).  

 

Like other past documented calculational methods and 
software applications used for accident reconstruction 

[6, 11, 12, 13], simulations of vehicle-versus-vehicle 

collisions are based on an impulse-momentum model in 
Virtual CRASH.2 The magnitude of the impulse vector 

imparted to a given vehicle is determined by the 

                                                        
1 http://www.vcrashusa.com 
2 Virtual CRASH uses the Kudlich-Slibar impulse-

momentum model [12, 13]. 

closing-velocity vector, impact orientation, coefficient-

of-restitution, and coefficient-of-friction value used by 

the collision model, as well as vehicles’ inertial 
properties. Similar to CRASH-based calculations, the 

orientation of the vehicles and the point of impulse 

application are inputs to the collision model. For a two-
vehicle impact, the impulse on vehicle 1 is given by3:  
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where the initial relative velocity at the point-of-contact 

is given by �̅�𝑅𝑒𝑙,𝑖
𝑃 = �̅�1,𝑓

𝑃 − �̅�2,𝑓
𝑃 , �̅�1  is the vector 

extending from the vehicle 1’s center-of-gravity to the 

point-of-contact, �̅�2  is the vector extending from the 

vehicle 2’s center-of-gravity to the point-of-contact, 𝐼1 

is vehicle 1’s moment-of-inertia, 𝐼2  is vehicle 2’s 

moment-of-inertia, 𝐽1 is the unit vector pointing along 

vehicle 1’s PDOF, �̂� is the normal collision axis, 𝜀 is 

the coefficient-of-restitution, and �̅�  is the system’s 

reduced mass. The impulse delivered to vehicle 2 is 

equal in magnitude and opposite in direction, as 
guaranteed by Newton’s Third Law. The user can 

control restitution, friction, and impulse centroid 

locations (effective points-of-contact) to optimize 
simulation results.  

 

In addition to simulating collisions, Virtual CRASH 
also simulates vehicle dynamics, which can be used to 

predict post-impact vehicle trajectories. Lateral tire 

forces are estimated as a function of slip angle for each 
wheel using a linear tire force model [11, 12]. The 

longitudinal tire forces are dependent upon acceleration 

or braking inputs specified by the user. For both the 
longitudinal and lateral tire forces, the local coefficient-

of-friction, as well as dynamic load shifting, are 

accounted for.   
    

Study Outline 

 

Simulation inputs 

 

For each RICSAC test simulation, exemplar vehicles 
were obtained from the Virtual CRASH vehicle 

database. Vehicle geometrical and inertial properties, as 

well as wheel placement can be easily customized in 
Virtual CRASH. Vehicle weights, distances between 

centers-of-gravity to front-axles, and wheelbases were 

taken from the “Vehicle Tests Weights” tables in 
references [2] and [3]. Vehicle center-of-gravity height, 

front and rear track width, as well as overall length, 

width, and height values were taken from Expert 
AutoStats [14]. Post-impact rolling resistance values for 

3 A full derivation can be found at: 
http://www.vcrashusa.com/guide-appendix1 

each wheel were taken from the “Summary Form” for 

each test [4]. Any mismatches between wheel well 

positions and modified wheel positions were corrected 
by adjusting the wheel well polygon mesh vertices 

within the Virtual CRASH simulation environment.   

 
Crash diagrams were obtained from reference [5]. 

These diagrams were imported into the Virtual CRASH 

simulation environment to help facilitate the simulation 

optimization process by providing visual constraints on 

the pre- and post-impact vehicle trajectories.  Though 

scaling images is a simple process in Virtual CRASH 
[15], known scale bar errors in the reference [5] 

diagrams necessitated first drawing the points-of-

impact, points-of-rest, orientations-at-impact, and 
orientations-at-rest using the axis tool in Virtual 

CRASH. For each test, the points and orientations at 

impact and rest were obtained from the “Summary 
Form” in reference [4]. Each diagram was then 

imported into the simulation environment and resized to 

best fit over the drawn points.  
 

Constraints from evidence 

 
The purpose of this study was to quantify to what 

accuracy Virtual CRASH could reconstruct the 
RICSAC 1, 2, 6, and 7 oblique 60° front-to-side impact 

tests (see Figures 3, 4, 5, and 6), using the same 

workflow that is used in a typical accident case, where 
the forensic evidence assumed was knowledge of the 

pre-impact orientation, area-of-impact, post-impact 

trajectory, area-of-rest, rest orientations, and damage 
locations and patterns for each vehicle. This is the same 

information reconstructionists commonly have 

available during reconstruction analyses. If reasonable 
pre-impact orientations cannot be inferred from pre-

impact tire marks, it can commonly be inferred from 

road geometry or typical driver behavior as well as 
crush damage patterns.  

 

Simulations 

 

Establish reasonable search windows using COLM 

 
For each RICSAC test, starting with the initial velocity 

vector orientations, post-impact trajectories, areas-of-

rest, and rest orientations, conservation of linear 

momentum was first used to estimate reasonable pre-

impact speed windows.  

 
For each test, using the scale diagram, measured impact 

and rest positions, as well as impact and rest 

orientations, a first simulation was conducted starting 
each vehicle at the area-of-impact. This simulation was 

meant only to simulate the post-impact portion of the 



vehicle motion. The initial velocity vector direction and 

orientation, as well as the initial yaw rate, were adjusted 

until the vehicle followed the post-impact trajectory 

indicated by the scale diagram. A reasonable post-
impact velocity solution was found once a simulation 

scenario was obtained that allowed the vehicle to come 

to rest in the proper area, and the proper orientation, as 
was documented, to within a reasonable tolerance. This 

was done for each vehicle. The initial velocity vector 

orientation and magnitudes were then used along with 
conservation of linear momentum, to obtain reasonable 

initial velocity search windows within which one can 

start fully simulating. This process took just a few 
minutes for each vehicle in each test.4 In general, an 

added advantage of performing a conservation of linear 

momentum analysis this way is that Virtual CRASH 
will automatically account for any variations in terrain 

mesh surface, steering, and braking along the post-

impact trajectory. Post-impact roll resistance values 
were reported for each RICSAC tests, and these were 

explicitly accounted for in the Virtual CRASH 

simulations.  
 

A summary of the results using simple conservation of 

linear momentum is shown in Table 1. The results 
indicate using this approach, one can expect to quickly 

find reasonable search windows for initial ground 
speeds within 20% of the actual ground speeds. This 

approach greatly helps to reduce full simulation 

optimization time.  
 

Full simulation 

 
With reasonable and narrow search windows 

established, a full simulation was conducted for each 

RICSAC test. For each test, the vehicles were initially 
positioned near the reported areas-of-impact. Although 

one can simulate arbitrarily long and complex 

sequences of pre-impact motion leading up to impact, 

as well as the post-impact trajectories, it is often easiest 

to first start the vehicles very near or at the area-of-

impact; therefore, in each simulation, the depth of 
penetration time, or time at which impulses are 

delivered to each vehicle after first overlap between 

vehicle meshes, was set to 0 seconds as the vehicles 
were positioned at time = 0 seconds already overlapping. 

The Virtual CRASH kinematics tool was then used to 

propagate the vehicles forward up to the point where the 
simulation begins.5 For each RICSAC test simulation, 

the initial vehicle ground speeds were adjusted, as were 

the coefficient-of-restitution, vehicle-vehicle contact 
coefficient-of-friction, and the impulse centroid 

location, until reasonable agreement was found with the 

documented areas-of-rest and rest orientations. The 
final values for the coefficients-of-restitution and 

coefficients-of-friction are shown in Table 2. The 

coefficient-of-restitution ranged from 0.08 to 0.212, and 

the coefficient-of-friction between 0.65 and 1.0. These 

are similar ranges of values found in prior studies of the 

Kudlich-Slibar model [9].  The deviation from actual 
rest positions and orientations were recorded, as were 

the differences in Delta-Vs, PDOF, and initial velocities. 
For RICSAC 6, a -2.7° post-impact steer angle was 

                                                        
4 An example of this process for RICSAC 2 can be 

seen at: www.vcrashusa.com/ricsac2-colm-ex 
5 To learn about the kinematics tool, see: 
http://www.vcrashusa.com/blog/2017/8/28/the-

kinematics-tool 

used for Vehicle 1. A summary of the results are shown 

in Table 3. Detailed results can be found in Tables 4 – 

7. 

 
Results 

 

In all four RICSAC tests studied, good agreement was 
found between estimated pre-impact ground speeds and 

true ground speeds, with an average percent difference 

of -1.6% with a 6.2% standard deviation.6 Delta-V and 
PDOF values were also found to be in good agreement.7 

Small percent differences in final orientations and total 

displacement are primarily indicative of the ability to 
optimize the simulations based on those metrics. The 

largest ground speed difference was found in RICSAC 

1, where the vehicle 1 initial ground speed estimated 
was -9.8% from the true value. These results are similar 

to those found in prior studies of the Kudlich-Slibar 

model [9]. Depictions of the simulation sequences are 
shown in Figures 3 –  6. 

 

Conclusion 

 

Virtual CRASH was successfully used to model motor 

vehicle impacts from the Research Input for Computer 
Simulation of Automobile Collisions (RICSAC) test 

series. The underlying vehicle collision and dynamics 
algorithms provide excellent results in comparison to 

staged collision data. Virtual CRASH software provides 

a fast and user-friendly interface with which to simulate 
and animate motor vehicle collisions, bicycle, and 

pedestrian impacts.  
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values were taken from reference [7] rather than 

reference [4]. 



 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

  

Figure 1: Virtual CRASH 4 graphical user interface. 



 

 

 

 
 

 

 
 

 

 

 
 

Figure 2: Virtual CRASH 4 simulation of a sedan making a left turn using the interactive steering “fast control 

icon” (inside red circle). The fast control icon is controlled by the user’s mouse. Dragging its position left or 

right dynamically controls the steering angle input in the “sequences” menu, where all driver inputs are 

catalogued.  

  



 
 

 

 

Figure 3: (a) RICSAC 1 diagram from reference [5]. (b) Virtual CRASH simulation sequence of RICSAC 1. 

(c) Rendering of simulated rest positions.  
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Figure 4: (a) RICSAC 2 diagram from reference [5]. (b) Virtual CRASH simulation sequence of RICSAC 2. 

(c) Rendering of simulated rest positions.  
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Figure 5: (a) RICSAC 6 diagram from reference [5]. (b) Virtual CRASH simulation sequence of RICSAC 6. 

(c) Rendering of simulated rest positions.  
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Figure 6: (a) RICSAC 7 diagram from reference [5]. (b) Virtual CRASH simulation sequence of RICSAC 7. 

(c) Rendering of simulated rest positions.  
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Table 1: Conservation of linear momentum calculation results. 

 
 
 

  

Test   Vehicle Initial v (%-diff) 

RICSAC 1 V1 Malibu -19.466 

  V2 Pinto -15.108 

RICSAC 2 V1 Chevelle 8.847 

  V2 Pinto -9.886 

RICSAC 6 V1 Chevelle -5.565 

  V2 Rabbit -15.275 

RICSAC 7 V1 Chevelle 5.645 

  V2 Rabbit -7.534 

Average      -7.293 

Standard Deviation    10.076 



 
 
 
 
 
 
 
 
 
 
 
 

Table 2: Values used for coefficient-of-restriction and coefficient-of-friction simulation inputs. 

 
 
 
 
 
 

  

Test Restitution Friction 

RICSAC 1 0.180 1.000 

RICSAC 2 0.080 1.000 

RICSAC 6 0.090 0.650 

RICSAC 7 0.212 0.680 

Average 0.141 0.833 

Standard Deviation 0.066 0.194 



 
 
 
 
 
 

Table 3: Results of full Virtual CRASH simulations. 

Test   Vehicle 
R/Disp. 

(%) 
yaw-diff (deg)/360 deg (%) Initial v (%-diff) v (%-diff) 

PDOF-diff (deg)/360 
deg (%) 

RICSAC 1 V1 Malibu 4.201 -0.123 -9.824 1.837 -2.227 

  V2 Pinto 3.752 -0.256 -1.411 10.781 -0.936 

RICSAC 2 V1 Chevelle 3.327 1.060 8.357 12.277 -3.286 

  V2 Pinto 3.099 -0.225 3.777 22.605 -0.480 

RICSAC 6 V1 Chevelle 0.290 -1.043 2.934 -4.663 -3.398 

  V2 Rabbit 0.695 -0.155 -7.969 -0.562 -3.875 

RICSAC 7 V1 Chevelle 0.359 0.735 -4.031 14.630 -2.180 

  V2 Rabbit 1.431 1.946 -4.746 12.475 -1.687 

Average     2.144 0.242 -1.614 8.672 -2.259 

Standard Deviation 1.619 0.943 6.241 9.034 1.208 

 
 
 

  



 
 
 
 
 

Table 4: Detailed results for RICSAC 1 full simulation. 

 
 
 
 
 
 
 
 



 
 
 
 

Table 5: Detailed results for RICSAC 2 full simulation. 

 
 
 
 



 
 
 
 

Table 6: Detailed results for RICSAC 6 full simulation. 

 
 
 
 



 
 
 

Table 7: Detailed results for RICSAC 7 full simulation. 

 
 
 

 


