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probable cause, issues,  analysis or  recommenda t ions, and the paper focuses str ict ly on technical  issues.

A B S T R A C T  

This paper descr ibes the successful application of the 
HVE sys tem ,  EDSMAC4 and add itional software to 
s imulate highway-rai l  grade crossing crashes. 
 
 On June 3 ,  1998, a Union Pacific  Ra ilroad train struck a 
1990 Dodge 350, 15-passenger capacity  van.   The 
train’s recorder indicated that the train was go ing 46 mph  
at impac t with the van.  Some o f the young occupants of  
the van indicated that the van m ight have stopped pr ior 
to going across the crossing.  A conventional momen tum  
analysis was attemp ted, but due to the lateral resistance 
in the tracks, and the mass  d ifferences of  the vehicles, 
large variations in speed, ranging from 16  to 156 mph , 
were obtained for the van.  A simu lation was performed  
us ing an HVE system and  the  EDSMAC4 phys ics mode l.   
The s imulat ion indicated that the van was travel ing about 
35  mph a t impac t and the simu lat ion reproduced the 
damage to the van.  Based on the successful  Wagoner 
s imulat ion,  EDSMAC4 and support ing programs have 
been used for  two additional grade crossing crashes, 
one being comp leted and one recent ly init iated involving 
trains and large vehicles.  The simu lations provided good 
informa tion and resolved some o f the uncertainties 
surrounding the crashes. 
 
The three simulations indicate that EDSMAC4 and 
supporting programs can be used to simulate 
highway/railroad crashes.   The three crashes simulated had 
good train recorder data; two crashes involved impacts at 
the rear of the highway vehicles and the other just rearward 
of the center of gravity, followed by rotation of the highway 
vehicles.  These types of crashes, with similar data, can be 

simulated successfully using EDSMAC4. 

I N T R O D U C T ION 

In 1999, there were 3,420 highway-rai l  crossing incidents 
that resulted in 399 fatal i t ies and 1,360 non-fatal 
injuries1.   Due to the mass  o f the trains, many  o f these 
crashes are very ser ious, and simu lations may be  
warranted.  This paper descr ibes the one highway-rail 
grade crossing crash successfully  s imulated by the 
Na tional Transportat ion Safety Board, using the HVE 
system  w ith  EDSMAC4 and suppor ting sof tware and two 
others in various stages of simu lation. 

 
W A G O N E R ,  O K L A H O M A  C R A S H  

About 6:20 p.m . on June 3,  1998, a Union Pacific  
Ra ilroad Company train was  travel ing south at an event 
recorder logged speed of  46 mph .  The 7,469-foot-long, 
19,353-ton train was approaching on East/Wes t 
Wagoner  County Road 69 in Wagoner  County, 
Ok lahoma .  As the 135-car coal train approached the 
crossing,  a 1990 Dodge 350,  15-passenger capacity  van 
w ith  2  adults  and 7 ch ildren,  ages 2-11,  on board was 
traveling wes t on County Road 69 at  a t ra in engineer 
estima ted speed of  35 mph .  The van entered the 
crossing and the lead locomo tive co llided  w ith the van.   
 
A t impac t, the pilot plow  o f the lead locomo tive contacted 
the r ight rear side of the van with approxima tely 34 
inches of  over lap.   The Dodge van received extensive 
damage w ith  inward crush reaching a  max imum depth of  
22 inches on the r ight rear corner of the van.  From  the 
impact area the van rotated clockwise approximately 340 
degrees about its vert ical axis, traveled onto the south 
roadside on the west s ide of the crossing, and came  to 
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rest on its r ight side.  The van traveled about 80 feet 
from  the impac t area to i ts rest posit ion.  The train 
traveled approxima tely 3,050 feet south of the crossing 
before com ing to a stop. 
 
Dur ing the movement of the van fol low ing the initial 
impact,  the 6 and 7-year-o ld unrestrained chi ldren 
seated in the rear bench seat of  the van were ejected.  
Bo th children were fatal ly injured.  The rema ining 
occupants of  the van received m inor to moderate 
injuries.  There was no train derai lmen t or post-crash f ire.  
The two-man train crew was  no t in jured. 
 
A t the time  o f  the crash the weather was clear and the 
pavement was dry.   State Troopers investigating the 
co llis ion indicated that neither the train crew nor the van 
dr iver appeared to be using drugs or alcohol; therefore, 
no post-crash toxicological tests were performed . 
 
An 8-year-o ld unrestrained chi ld reportedly seated in the 
left  side of the second bench seat, behind the driver’s 
seat of the van stated that the van driver stopped at the 
crossbucks and then pulled across the rai lroad tracks in 
front of the train.  She indicated that the radio was  
p laying and the air  condit ioner was on in the van and that 
she d id not hear the warning horn on the train.  She also 
stated that the van dr iver had seen the approaching train 
and had stated everybody put your seatbelts  on because 
we need to go across the t racks because we're late for 
church.  However,  the engineer/train handler stated that 
the van never stopped, but kept t raveling at  a steady 
speed of  about 35 mph  into the path of the train. 
 
Another 8-year-o ld chi ld, reportedly restrained and 
seated next to this chi ld ( in the second bench seat 
behind the driver in the r ight seat) stated that she could 
not remember i f  the van driver had stopped before 
crossing the rai lroad tracks.  An 11-year-o ld lapbelt 
restrained chi ld seated in the third bench seat stated that 
she a lso was unsure if the van dr iver had stopped before 
crossing the rai l road tracks.  The 28 year-o ld van driver 
served part-time as  the driver of his church van. 

 
A  momen tum s tudy was conducted to determ ine the 
estima ted speed at  which the van was traveling s ince 
statemen ts by the train engineer and the students varied.  
Initially a linear momen tum ana lysis was conducted but 
the results var ied great ly and were unreliab le due to the 
d ifferences in mass be tween the train and the van.  
Speeds of  16 to 156 mph were obtained for the van.  In 
part, this momen tum ca lculat ion was inval id because the 
tracks provided lateral resistance to the train, and kept 
the train going in the direction of the tracks.  Addit ionally, 
the mass  o f the train was much greater than the mass  o f 
the van. 
 
 

 

EDSMAC4  

Next, the Human Veh icle Environmen t (HVE) system  
was used to conduct a compu ter simu lation analysis. 
The software vers ion used was HVE vers ion 2. An 
EDSMAC4 compu ter software program was used for the 
s imulat ions of the crash dynam ics and the van’s 
trajectories at various speeds.   This was the f irst version 
o f  EDSMAC4 that deformed  the vehicles.  Additional 
software programs used to show the total crash 
dynamics inc luded EDVSM and EDGEN 2.  
 
For this study, an exist ing mode l of a two-lane highway 
was u tilized.  The road was mod ified to ref lect several 
d ifferent surfaces.  The crossing, t racks and crossbucks 
were added, and the area of  f inal rest of the van was 
shown in gray as a target for the f inal rest posit ion of the 
van.  After the impac t  speed was determ ined from  
prelim inary  EDSMAC4 s imulations, addit ional 
s imulat ions were conducted to show the potent ial  v iew 
from  the van.  For this simu lation, tw o p iles of rai lroad 
timbers  and a  w indrow o f trees were added.  

 
The s imulation uti l ized two vehicle mode ls provided with 
the HVE system , a generic van and a moveab le barrier.  
The van was mod ified to use a Chevrolet panel van 
body.   The van was stretched and the wheels were 
moved to ma tch the actual van.  At the t ime  the 
s imulat ion was being developed, George Wash ington 
Un iversity (G W U ) was researching a sim ilar  Dodge 350 
van to make a  fin ite  e lemen t for the Na tional  Highway 
Traff ic Safety Adm inistration.  G W U  p rovided the center 
of  gravi ty and the loads on each wheel.  Th is informa tion 
was used to calculate the yaw momen t of inert ia and the 
mode l parame ters were ad justed appropriately.  

 
The locomo tive was created using a Viewpoint mode l.  
The train mode ls were co lored sim ilar to that of the 
actual train.  The  yaw moment of inertia for the 
locomo tive  was estima ted based on length, w idth and 
we ight to be 70,262,611 lb-sec^2-in. and the locomo tive 
we ight was recorded as 415,000 pounds.   The 
locomo tive speed (46-mph)  was determ ined from  the 
locomo tive recorder as the locomo tive approached on 
the track. 

 
Numerous runs were made to best simu late the 
trajectory of the van in the subject crash.  The f irst 
prelim inary run simu lated the van at an est ima ted speed 
of 30 mph .  In this run, the trajectory of the van rema ined 
straight, but the van went beyond the f inal rest posit ion.  
The brakes were applied at  80 percent of  the availab le 
friction building up from  impact to 0.1 seconds after 
impact to stop the vehicle near the area of f inal rest.  In 
addition, the right front t ire was b lown 0 .8 seconds after 
impact as i t  went off  the pavement and the left rear t ire 
was b lown 1 .2 seconds after impac t as it went off the 
pavement, to approxima te the observed condition of the 
damaged van.   The s imulat ion was rerun and the vehicle 
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stopped to the left  of the target, as seen from above. 
S imulat ions including the van approaching at 10, 20, 25, 
30,  35,  40 and 45 mph , were then assessed using the 
same cond itions, except the speed of the van was 
changed.   The s imulat ion at 35 mph s lid  d irectly over the 
fina l  rest area and stopped just past the target.  At 
speeds below 35  mph the van went to the left of the 
target  and at  speeds above 35 mph , the van went to the 
right of the target. From  the impact point to f inal rest, the 
angle was ca lculated for 30, 35 and 40 mph as  
measured to the left of the original forward straight path 
of  the van as –62.8, -68.5 and –77.6 degrees, 
respect ively.   The target was –68.55 degrees from  
impact, indicating that 35 mph was a  very  c lose 
approximation of the trajectory.   From  the final resting 
pos itions, i t  appeared that the mos t accurate speed of 
the van when struck by the train was  35  mph.  The 35-
mph s imulat ion was adjusted to stop at the f inal rest area 
by increasing braking to 100 percent of the avai lable 
friction. 

 
 For the  EDSMAC4 impact the locomo tive  was 

not constrained lateral ly by the tracks and could have 
rotated.  Due to the large mass  o f the locomo tive, its 
speed was reduced only 0.1 mph a t impac t and it rotated 
on ly 0.1 degrees clockwise in the 0.08 seconds after 
impact, pr ior to separat ion of the vehicles.  This change 
in velocity is an unnoticeable amount. 
 
 EDSMAC4  is a two-d imensional program and  
shows the trajectory of vehicles after they str ike each 
other, but w ill not  enable a vehicle to rol l  over as was  
indicated by the van’s f inal posit ion.  To rol l  the van as i t  
d id, 0.21 seconds after impac t, the van’s location, speed, 
yaw and s idesl ip were placed into an EDVSM s imulation 
program .   
 
EDVSM  

EDVSM was  u tilized to s imulate the travel of the van 
from  0 .21 seconds after impac t unti l  i t  rol led 90 degrees 
(additional roll forces were added to enable a comp lete 
rol l )  and struck the ground, about 1.7 seconds after 
impact .   The EDVSM s imulation, which began 0.21 
seconds after impact,  had a durat ion of 1.5 seconds. In 
that time , the van rotated 324.6 degrees, rol led 84.5 
degrees, s lowed 7  mph, and traveled 50.3 feet.   EDG E N  
was used to sl ide the van into its f inal posit ion after 
E D V S M  rol led the vehicle.  The van stopped after rol l ing 
onto i ts r ight side in about 17 feet and 1.15 seconds.  
The average deceleration factor was 0 .81 G . 
 
W A G O N E R  S IMULATION RESULTS   

The s imulat ions indicated that the van was travel ing at 
about 35 mph when s truck in the right rear corner by the 
t ra in.   The van yawed 375 degrees, ro lled 90 degrees,  
and came to rest about 2.85 seconds after impac t. The 
De lta-V  for the center of gravity of the van was 17.1 mph  

for  the van.  The peak acceleration at the center of the 
van occurred 0.06 seconds after impact at 22 g.  

 
The  EDSMAC4 s imulation at 35 mph was  a lso used to 
examine the potential view of the van driver as the train 
approached the crossing.  The simu lation was s tarted six 
seconds before impact.   The side of the train that was 
v isible to the van driver was shaded from  the sun, since 
the train was  travel ing south and the van was traveling 
wes t.  Th is decreased the conspicuity of the locomo tives.  
A  w indrow o f trees blocked the visibi l i ty of the train for 
the f irst 0.6 seconds.  Then the front of the first 
locomo tive  was beh ind the A-p illar of the van for another 
0.2 seconds (See f igure 1).  The tops of the rest of the 
train began to become v isible after 0.8 seconds, but the 
bottom port ion of  the cars were behind two p iles of 
railroad t ies.  About 1.4 seconds after start ing, the 
second locomo tive started to emerge from beh ind the 
timbers  and became v isible from  the ground to the top of 
the locomo tive.  Two seconds after start ing, the rear of 
the lead locomo tive  was v iewed in the top of the vent 
w indow, and the bottoms  o f the front two cars were st ill 
behind the timbers.   From 2.8 to 2.9 seconds the nose of  
the first locomo tive  was s till behind the A-p illar  and the 
nose of  the second locomo tive  was beh ind the vertical 
support for the vent  and s ide window.  At  4 seconds the 
front of the lead locomo tive began to emerge from  the A-
p illar .   At  4.4 seconds (1.6 seconds before impact) the 
lower center light of the lead locomo tive  was v isible in 
the top of the side vent window (see f igure 2).  About 0.2 
seconds later, the top center lead locomo tive light  was 
v isible.  At 4.9 seconds, the two locomo tives  would have 
been v isible in the side window but the vert ical post 
behind the van’s vent window would have blocked the 
lead locomo tive ’s light.   At 5.3 seconds the front of the 
lead locomo tive  was in the back two-thirds of the side 
w indow.  The last view of the locomo tive in the side 
w indow was 5.7 seconds.  

 
To s top on the gravel/asphalt approach from 35  mph  
wou ld have required 74 feet,  assum ing a 0.55-g 
decelerat ion.  The van was 222 inches long and the 
locomo tive struck 34 inches of the rear of the van. The 
locomo tive  was 9  feet 11 inches wide.  Thus the van 
wou ld have had to start ful l  braking at 35 mph , about 100 
feet before impac t or 1.95 seconds pr ior to the eventual 
impact to stop short of the train.  The van driver would 
have been able to see the rear of the f irst locomo tive and 
the side of the second locomo tive and the cars at  the 
time he  wou ld have had to have applied the brakes fully.  
He  wou ld have had at  mos t 3.2 seconds of v isibility of 
the train after emerging from beh ind the trees, but during 
that time , the stacked t imber  p iles,  as well as the van’s 
A -p illar and the vert ical  post behind the vent window 
wou ld have obstructed port ions of the train.  Slow ing the 
van as it approached the crossing would have given the 
dr iver a better chance to see the approaching train. 
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In th is case the HVE system and  EDSMAC4 s imulation 
he lped to resolve the speed of the van and indicated that 
the van dr iver mos t like ly did not stop before the 
crossing.  The simu lat ion of the van’s approach helped to 
identify restrictions to visibil i ty and their relative roles in 
the crash, but indicated that the van driver could have 
seen the tra in and been able to stop.  I f  the driver had 
s lowed on the approach,  he would have been mo re likely 
to see the train and could have stopped.  The simulation 
and report  were comp leted in about two to three weeks. 
 

 

S I M U L A T I O N  N E A R I N G  C O M P L E T ION  

 
A  train, consisting of two  locomotive units and 14 cars,  
struck a truck tractor, sem i-trailer at a railroad/highway 
grade crossing.  The truck had been loaded with steel 
that overhung the end of the sem i-trailer.  Th is simu lation 
has been worked on sporadically for about 9 mon ths and 
is not yet comp lete. 
 
The truck dr iver stated that he was mov ing between 15 
to 20 mph and had begun to traverse the crossing when 
the warning l ights activated.  The train engineer stated 
that he saw the truck slow ly mov ing through the crossing 
and b lew  the train wh istle to warn the dr iver.  A witness, 
two vehicles behind the truck testi f ied that the truck was  
going about 7 mph across the t racks and the gate came  
down on the rear port ion of the sem i-trailer.  A  truck 
dr iver reported that he heard a “Jake” brake.   A crane 
operator,  located hundreds of yards away, descr ibed 
what  he saw as he was operat ing the crane, and i t  
indicated that the signals m ight have worked proper ly.   A  
recorder c ircuit board on the rai lroad signals indicated 
that they should have f lashed for  26 seconds before the 
train arr ived at the crossing.  According to the event 
recorder in the lead locomo tive, the train was  traveling at 
a speed of  79 mph  immediately before the col l is ion.  The 
train struck the left rear of the sem i-trailer on the semi-
trailer’s rear axle. 

 
Th is simu lation was conducted to help determ ine the 
estima ted speed of the truck, the relat ive location of the 
truck as i t  crossed the tracks, the t im ing of the truck 
crossing the tracks, the signal activation, driver actions, 
and a lso to determ ine i f  the truck driver could have 
stopped pr ior to the crossing.  This study was conducted 
to help resolve witness statemen ts that confl icted w ith  
the recorder circuit  board. The simu lat ions were used to 
determ ine i f  the signals were delayed and when they 
wou ld have had to come down to clear the trucks 
exhaust system  if the t ruck was straddling the center line 
as it approached the crossing as descr ibed by a witness. 
 

An  HVE sys tem was used to conduct numerous 
s imulat ion scenarios such as: the t ruck going around the 
gates at the max imum with in gear speed of  19.6 mph 
( the speed indicated by the driver),  the truck going down 
the m iddle of the road as the signals descended late at 
about 19.6 mph , the truck crossing at 7.6 mph , the top 
speed in th ird gear w ith the gate com ing down late and 
the near s ide gate stuck up. 
 
For these s imulat ions, a two-d imensional scene of the 
crash s ite  was deve loped from  fie ld surveys of the crash 
s ite.  In addit ion, based on pictures, bui ldings and 
surveys, other 3-d imensional features were added to the 
scene.   The road was mod ified to reflect several different 
surfaces: the road, the crossing t imbers, and the tracks.  
The ra ilroad s ignal  heads and gate stanchions were also 
added.  The f inal rest of the truck was shown as a dark 
gray, f lat target.  A tiremark indicated in the survey on 
the timbers  was a lso used as a positional reference for 
the truck.   
 
The t ruck was built as an art iculated tractor/sem i-trailer.  
The tractor was bu ilt us ing the HVE model for  a 1993-4 
Freightliner.  Many  o f the default values for the tractor 
were used.   The wheel locations for the default vehicle 
were  modified to represent the crash vehicle.  Additional 
inputs included the transm ission ratios, rear differential, 
steering gear rat io, and the engine horsepower curve.  
The e ffic iency of  the truck brakes was calculated and 
braking was adjusted accordingly.  The tractor was 
mode led with Goodyear t i res. 
 
The  semi-trai ler body was  mode led in AutoCAD 14 4 and 
imported into HVE.  The propert ies of the sem i-trailer 
were ca lculated based on the dimensions and weights of 
a  s ister vehicle.  The program d id not al low the steel to 
fly off the trai ler after being struck by the train. 

 
The first two un its or locomo tives of the train were 
mode led as a truck and trailer ,  connected by a ball and 
h itch at  the couplers.  Each locomo tive  was mode led with 
three axles, one at the front and two a t the back.  The 
body of the locomo tive was deve loped in AutoCAD from 
design plans.  The weight and center of gravi ty were 
determ ined from des ign plans.   The yaw momen t of 
inertia was ca lculated.  The train units were mode led to 
run on gener ic t ires and were p laced as indicated by 
des ign plans.  
 
The  “EDSMAC4”  computer software program was used 
for the simu lations of the crash dynamics between the 
train and the truck and the truck’s result ing trajectories at 
var ious speeds.   Additional software programs used 
included: EDVDS, to show the truck’s approach, 
E D G E N , a general analysis tool to create chase vehicles 
and the train approach;  and ReadDataFile to activate the 
train f lashers and gates. 
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EDSMAC4  

The locomo tive speed (79-mph)  was determ ined from  
the locomo tive recorder as the locomo tive approached 
on the t rack.   For the EDSMAC4 s imulation, the 
locomo tive  was not constrained lateral ly by the tracks 
and could have rotated.  Due to the size of the 
locomo tives and the sem i-trailer carrying steel, for 
ca lculat ions, the angular sweep interval and the radial 
depth interval  had to be increased to 2.75 degrees and 
0.25 inches respectively. 

 
Init ially several test simu lat ions were made o f the train 
str iking the rear axle of the trai ler as the truck speed 
increased from  5  to 25 mph  in 5 mph  incremen ts.  In 
these simulat ions the truck went down the center of the 
road without steering or braking and the end of the steel 
was  mode led as the end of the sem i-trailer.  The 
s imulat ions indicated that at lower speeds (5 to 10 mph)  
the sem i-trai ler pulled the truck too far rearward and into 
and a long the side of the train.  At speeds of 15 to 20 
mph  the truck appeared to stay in the area of the truck’s 
fina l rest.  At 25 mph , the tractor continued to pull  the 
trailer forward down the road.  It  was noted that at 10 
mph , the truck’s t iremarks went over those recorded in 
the scene survey.    

 
In the s imulat ion, with the end of the sem i-trailer mode led 
as the end of the steel, and the truck going around the 
gates at 19.6 mph , the truck came  to rest near the f inal 
pos ition, but the t iremarks did not ma tch.  In the 
s imulation the software did not indicate a separat ion 
time , but i t  appeared to be about 0.43 seconds using a 
frame by  frame ana lysis as the lead locomo tive ran over 
or through the sem i-trailer, the sem i-trailer rema ined in 
contact  with the side of the lead locomo tive as it went by.  
It looked like a third of the locomo tive ran over the sem i-
trailer. 

 
In another simu lation, w ith the end of  the sem i-trailer 
mode led as the end of the steel,  the truck going down 
the m iddle of the road at 19.6 mph , the software d id not 
indicate a separation t ime , but i t  appeared in a frame by  
frame ana lysis to be about 0.52 seconds visually. In this 
s imulat ion the truck came  to rest near the f inal posit ion, 
but the t iremark did not ma tch.  Separation of the two  
vehicles occurred after two-thirds of the lead locomo tive 
ran over or along side of the rear of the sem i-trailer.   

 
A  third scenario was deve loped using the sem i-trailer 
mode led as the end of the steel,  with the truck going 
down the m iddle of the road at 7.5 mph  ( top speed in 
this gear was 7.6 mph),  based on a  w itness statemen t 
that estima ted the truck speed as about 7 mph .  The 
t ruck was pulled backward and down the t rack a long side 
the train, and this simu lation did not ma tch any of the 
phys ical evidence, but i t  was done for i l lustrative 
purposes. 

 

In another s imulation, the truck straddled the yel low 
centerl ine w ith  its  left whee ls over the l ine, at 7.6 mph , 
w ith the end of  the sem i-trailer mode led at the actual end 
of the sem i-trailer, but w ith the steel used to calculate the 
semi-trailers mass  and  moments of inertia properties.  In 
this simu lation, the tiremark and the f inal rest posit ion of 
the tractor could be repl icated.  The sem i-trai ler stopped 
just short of its f inal rest position in this simu lation. The 
tiremarks documented on-scene by the h ighway group 
were over la id on an overhead view o f the simu lation.  
The tiremarks from  the simu lation followed a  s imilar path 
and went over the surveyed ma rks.  The front axle of the 
semi-trai ler struck the rai l  in the exact location.  The rear 
ax le was a  little  beyond the indicated ma rks.   The 
d iscrepancy in the rear axle could be a result  of the 
separat ion of the axle from  the sem i-trailer, or the 
bending of the truck, wh ich is not mode led by the 2-d 
software.   These s imulations reinforced the prel im inary 
s imulation that indicated at about 10 mph , a ma rk would 
be s imi lar to the one observed. By shortening the length 
of the mode led sem i-trailer from  the end of the steel to 
the actual end of the sem i-trailer, different results were 
obtained and the results  were more consistent to the 
phys ical evidence.  This was the only simu lation for 
wh ich the software ca lculated a separation t ime , and the 
vehicle dynam ics appeared to be what would be 
expected of  a crash.  Separat ion of the two veh icles 
occurred after the locomo tive ran through the sem i-
trailer.  There appeared to be little  interface between the 
semi-trai ler and the side of the locomo tive.   
 
In the initial simu lations, w ithout steer ing and with the 
truck in the m iddle of the road, the tractor did not come  to 
fina l rest in the area in which i t  was observed.  In the f irst 
five s imulat ions discussed, i t  was found after numerous 
s imulations, that the tractor had to steer so its r ight front 
was near the r ight front’s f inal rest posit ion, before the 
t ruck would stop in that posit ion.  From  the simu lations, it 
appeared that the t ruck had to have enough forward 
momen tum  to resist the sem i-trai ler being pulled back 
into the train.  The sem i-trailer rotated about the fifth 
whee l, and when it was past 90-degrees to the tractor, it 
started to rotate the tractor counter-c lockwise and pull it 
rearward.   
 
A t impac t, the art iculation angle of the sem i-trailer to the 
tractor affected the dynam ics of the crash.  To determ ine 
the potential angle of the sem i-trailer, prior to finalization 
o f  the EDSMAC4 runs,  EDVDS programs had to be 
implemented.   These runs helped to develop 
approximate locat ions on the road and yaw angles of the 
tractor and the sem i-trailer.   

 
A  sens itiv ity  analysis was conducted and the runs were 
rendered using  EDSMAC4 w ith the end of  the sem i-
trailer mode led at the actual end of the sem i-trailer. One  
s imulat ion looked at mov ing the truck and train 6.41 feet 
lateral ly to the left of the truckdriver to avoid the near 
s ide gate if it was  down.  This required mo re steering to 
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the r ight ( increased from 150  to 320 degrees at  the 
steer ing wheel) for the tractor to come  to rest near i ts 
fina l rest position.  In this simu lation the tiremarks were 
at the same curvature but  were inside the ma rks 
observed.  The 6.41-foot distance was continually  
reduced in half, steering was reduced proport ionally, and 
the simu lat ions were re-run.   These s imulations indicated 
that the truck could be no further away than 0.65 feet to 
the left to leave tiremarks s imilar to that on the survey or 
no further than 1.3 feet to the right w ith two  locomo tives 
mode led.  The sem i-trailer may have been as far as 1 to 
2 feet to the left to leave a ma rk on the left side of the 
center l ine in the direction of the truck, but a simu lation 
w ith the truck 1 foot to the left wou ld not ma tch the 
impact on the rai l  from  the front sem i-trailer t ires or the 
surveyed t iremark.   A speed sensitiv ity  s tudy was 
performed a t 5, 10, and 15 mph (an ear lier s imulation 
was done a t 7.6 mph).  The t i remarks indicated that the 
5-mph speed was too slow, and the 10-mph speed was 
too fast.  In these sensit ivity simu lations, the point of 
impact  was the same, but  steer ing was changed and the 
angle of the sem i-trailer was not the same  in the runs.  
F inally, two  more cars were added behind the two 
locomo tives ( the max imum al lowed by the program).   
Th is simu lation indicated that the impac t might have 
occurred 0.85 feet mo re to the left, closer to the 
beginning of the ma rk observed at  the crash site.  W ith  
two more cars,  the sem i-trai ler spun closer to where it 
came to rest,  and went over the t iremarks. 

 
EDVDS 

Speed tests were  made w ith the actual tractor and a 
s imilarly loaded sem i-trailer from  the nearby plant to the 
crossing.  EDVDS is a simulat ion analysis that was used 
to mode l the approach of  the truck from  the truck scales 
at  the nearby plant,  around the corner to the r ight and on 
the approach to the crash site.   The results of  the speed 
tests were used in the mode ling.   Three separate 
s imulat ions using EDVDS were created for  the approach 
to the crossing. The first simu lation (A) started the truck 
in the plant parking lot near the scales, at 0.5 mph .  The 
t ruck was accelerated toward the intersection w ith the 
road to a speed of  about 15-mph . In the beginning of 
s imulat ion, the truck bounced initia lly  due to loads 
sett l ing and the accelerat ion of the truck.  Another 
s imulat ion (B) was used to turn the truck around the 
corner with  no acceleration (thrott le increase) and to get 
to the next opening for the plant parking lot.  In the 
s imulation, the speed of the truck slowed to 14.5 mph as  
it turned around the corner due to s ide scuff ing of the 
t i res and at the second plant exit ,  the speed of the truck 
was 14.4 mph .  Simu lation C was broken into three 
d ifferent simu lat ions to represent going around the gate 
(C1), straddling lanes (C2), and with the left t i res over 
lane (C3).   Simulat ion C3 was developed from the 
parking lot entrance nearest the crossing to the crossing.  
Dur ing the first simu lation (A), the truck accelerated from  
14.5 mph , braked momentari ly,  and then changed into 

the left lane as if it was go ing around the gates.  The 
t ruck brakes were init ial ly applied and released.  Then 
the t ruck was accelerated to the max imum speed with in 
s ixth gear of 19.6 mph .  The steer ing was increased to 
250 degrees to the r ight as the truck began to steer to 
the r ight at the crossing. 

 
S imulat ion C2 was developed for the second simulation 
from  the parking lot entrance nearest the crossing to the 
crossing.  Dur ing this simu lation, the truck accelerated 
from 14 .5 mph , braked momen tari ly, and then began to 
change lanes and straddle the centerl ine of the road.  
Then the t ruck was accelerated to the max imum speed 
w ith in sixth gear of 19.6 mph . Steering was increased to 
250 degrees to the r ight as the truck got on the crossing. 
For this scenario the signals were act ivated late to clear 
the exhaust stack of  the tractor (See ReadDataFile  later). 

 
Another simu lation (D )  was developed for scenarios that 
ma tched the t iremarks best (7.6 mph) f rom the parking 
lot entrance nearest the crossing to the crossing.  During 
this simu lation, the truck started at 14.4 mph ,  and was 
braked lightly to 7.6 mph as  the t ruck began to change 
lanes and straddle the centerl ine of the road w ith  its  left 
whee ls.  Then the truck cont inued at a speed of 7.6 mph  
(max imum speed with in third gear). The steering was  
increased to 148.8 degrees to the r ight as the truck 
began to steer to the r ight when on the crossing. 
 
E D G E N  

EDGEN was  used  to develop camera cars for the chase 
s imulat ions and to have the train approach at the outer 
extents of the simu lation’s environmen t. 

 
READDATAFILE 

Th is software program was deve loped by Collis ion 
Eng ineering Associates, Inc. to accept an ASCII data f i le 
that contains mo tion data for selected objects, reads the 
data fi le, and loads the mo tion into the HVE sys tem .  
Th is program a llows data to be entered from an  ou tside 
source.   The program  is not a simu lation, however  it may  
be used to create v isualizations of simu lation results.  
The data file mus t contain time -dependent posit ion data 
for the objects selected.  This program was used to 
an imate the f lashing of the rai lroad signals and the 
lower ing of the gates. The f lashers began to f lash at 0.5 
second incremen ts for 4 seconds, and then the gates 
were lowered over the next 8 seconds at a constant rate 
as the s ignals continued to f lash for a total of 26 
seconds, pr ior to impac t.  In some s imulations, the signal 
activation was de layed for the near side gate to clear the 
tractor’s exhaust stack in the mode l.  The gate passed 
through the truck’s load of steel,  so the movement was 
mod ified to hold the angle of the gate as i t  rubbed along 
the steel.   After the gate passed the end of the steel,  
hanging beyond the trai ler, the gate was a llowed to 
continue to drop at the init ial rate of rotation.  In another 
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s imulation, the near side gate was held up unti l  just after 
impact and the far s ide gate and the signals were started 
on time .   

 
S IMULATION RESULTS 

The ind iv idual  EDSMAC4,  EDVDS, EDGEN, and 
ReadDataFile simu lat ions were comb ined to form  the ten 
scenar ios of the crashes.  Then one to four views of 
each scenar io were rendered including: 
1.   A chase v iew o f the truck 
2.  The truck driver’s potential front view  
3.  The truck driver’s potential side view 
4.   A v iew  from  the far side of the tracks looking at the 

truck’s approach and the operat ion of the rai lroad 
s ignals at the crossing. 

 
The initial simu lations (w ith the end of the truck at the 
back of the steel rebars) indicated that the truck was  
travel ing at about 15 to 20 mph when it  was struck in the 
left rear axle of the sem i-trailer by the train.  In the 
s imulations, the lead locomo tive  went to the left (as seen 
from above)  and the second locomo tive  went to the right 
of  the track as found at  the scene.  These scenarios 
ma tched the vehicle’s f inal rest posit ion, but did not 
ma tch the tiremark on the t imbers.  In the simu lations, 
ne ither scenar io duplicated the ma rk on the roadway at  
the right side of the timbers,  but  the second scenar io was  
a little  c loser to that ma rk. 

 
In the other simu lations, where the end of  the vehicle is 
mode led as the end of the sem i-trailer, the tiremark on 
the timber and the f inal rest posit ion of the truck can be 
replicated c losely i f  the truck is going about 7.6 mph a t 
impact and the left  wheels of the truck are over the 
centerl ine prior to steering to the r ight near the crossing. 

 
 

A  R E C E N T  C R A S H  

A recent crash involved a train and a bus.  The day after 
the crash, a good aer ia l  photograph was availab le from  
the web. About 10 pictures were availab le, some  
showing the bus body and the separated chassis.  W e  
were aware that the speed of the train was about 50 mph  
at impac t.  Based on the p ictures and using previous 
vehicle mode ls a prelim inary simu lation was run,  
replicat ing the act ion of the bus body (the bus body 
separated from  the chassis, but the mo tion of  the chassis 
was not simu lated).  This prelim inary simu lation was  
completed in about 4 hours, including three renderings 
and mak ing a mov ie using Mov iemaker.   W ith in 8 hours, 
compressed “ .mpv” f i les (using med iaconvert)  were 
availab le that could have been sent to help the 
investigation team .  After arr iving on scene the next day, 
it was observed that  the s imulated impact of  the bus was 
too far forward, by about four feet,  and the bus was 
probably going a l i ttle too slow  in the simu lation.  

However  the simu lation was useful to highlight areas to 
look for t iremarks on the rail, paths in the gravel, the path 
through broken branches, and to v isualize the movement 
of  the bus and the expected movement of the occupants.   
The additional informa tion gathered on-scene will he lp to 
mo re accurately simu late the crash.  One po tential use of 
HVE is to try to ma tch the view of  the bus occupants and 
the environmen t to a video tape that was captured by a 
camera mounted on the front of the bus that was pointed 
rearward.   This m ight help to estima te the speed of the 
bus on the approach at  var ious locations.  In the 
prelim inary simu lation, the train veered from  the tracks, 
however the actual train did not derai l .   In a subsequent 
s imulation, on return to the off ice, the yaw momen t of 
inertia of the locomo tive  was increased to the max imum 
value.  This kept the train traveling straight, and m ight be 
useful in other train simu lations that do not involve 
derailmen ts of the train. 
 
S IM U L A T I O N  P R O B L E M S  

To s imulate train/truck coll isions O2  mach ines may  
require mo re  RAM and a  larger hard drive or an external 
hard dr ive.   These simulat ions were developed on O2s  
w ith  512 megabytes (Mb ) of memory.  Some o f the 
s imulat ions were 51 seconds long from  truck start up to 
fina l rest.  The simu lat ions had to be at least 26 seconds 
long to get the f lasher/gate sequence and additional time  
is desirable.  When severa l files are saved together in a 
Mov iemaker forma t the fi les may ge t huge (500 M B  to 
900 M B ).  Th is w ill require a larger drive or an external 
drive.  When  the 51-second s imulat ion was viewed within 
the HVE “p layback” mode, it was noted that the 
s imulat ion played faster ( in about 42 seconds).   The 
s imulat ion was exported into Mov iemaker  and when 
v iewed the tim ing was correct.  
  
When do ing these simu lations, make sure you have a 
back up with  a  d ifferent f i le name .  For  unknown 
reasons, the simulat ion crashed once and the f i le could 
not  be opened again, unfortunately a backup f i le was not 
made and a lot of work  was lost.  After that incident 3 to 
5 copies of the fi le were saved as d ifferent names .  If an 
external hard drive is used, don’t f i l l  the external hard 
dr ive comp letely.  W e  lost a large port ion of the data on 
the hard dr ive and could restore only a few of our 
mov iemaker f i les.  Make cop ies on videotape before you 
go on to other projects or consider backing up another 
system . 
 
In this simu lation, the locomo tive  was bu ilt us ing the 
bottom port ion of a Viewpoint model of a locomotive.  
The bottom por t ion was modified for  the new mode l.  The 
top port ion was bu ilt us ing squares for the left,  r ight, back 
and top s ides.  The front was built to  mode l the po inted 
nose.   These 5 p ieces were colored differently, and were 
imported into HVE where scanned b itmaps were p laced 
on the squares.  W h ile the train looked very good prior to 
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the impac t, the bitmaps moved downward on the sides at 
impact as the train’s vert ices were deformed .  In these 
s imulat ions the cameras were focused on the truck,  and 
the train  was v isible only for a very short t ime  a fter 
impact. 
 
The truck sem i-trailer simu lation was very sensitive to 
over lap of the vehicles and the angle of the sem i-trailer 
relative to the locomo tive.   This w ill mandate that many  
mo re simulations wil l  need to be run compared to other 
types of crashes to get accurate results.   
 
The  EDSMAC4 ana lysis showed that care mus t be used 
when setting up vehicle mode ls.  The change between 
the end of the mode l being at the end of the overhanging 
steel,  or the end of the semi-trai ler created a signif icant 
d ifference in probable speeds (19.6 versus 7.6 mph),  
probable vehicle location at impac t, and the ma tching of 
tiremarks which would have effected the determ ination of 
the factors and cause of the crash.  Future generat ions 
o f  EDSMAC4 perhaps shou ld have the load separated 
as in  EDVDS and it wou ld be good to analyze the 
movement of the load separately and to look at load 
restraints! 
 

C O N C L U S ION 

This paper descr ibed the successful application of the 
HVE sys tem ,  EDSMAC4 and additional software to 
s imulate three rai l /highway grade crossing accidents.  
The Wagoner ,  OK s imulat ion indicated that the van was 

travel ing about 35 mph pr ior to impac t and the simu lation 
program  reproduced the damage to the van very c losely.  
The o ther simulat ions have not been comp leted, but the 
s imulat ions appear to be very useful.  
 
The three simu lat ions indicate that EDSMAC4 and  
support ing programs can be used to simu late some  
h ighway/rai l road accidents.  The three accidents 
s imulated had good train recorder data, and involved 
impacts to the rear of the highway vehicles’ center of 
gravity, followed by rotat ion of  the highway vehicles.  
Th is type of accident, w ith  s imilar data, can be simu lated 
successfully  us ing  EDSMAC4. 
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