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PREFACE 

This report is the second in a series issued under Research Study 

2-18-74-164, "Structural and Geometric Design of Highway-Railroad Grade 

Crossings." This research is sponsored by the State Department of Highways 

and Public Transportation in cooperation with the Federal Highway Adminis

tration to study the problems encountered at highway-railroad grade crossings 

and to recommend improvements in analysis and design procedure. 

ACKNOWLEDGEMENT 

The authors sincerely appreciate the assistance and helpful suggestions 

given by Mr. Dale L. Schafer in computer programming. 

DISCLAIMER 

The contents of this report reflect the views of the authors, who are 

responsible for the facts and accuracy of the data presented herein. The 

contents do not necessarily reflect the official views or policies of the 

Federal Highway Administration. This report does not constitute a standard, 

specification, or regulation. 
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Abstract 

This report gives the theoretical background and a description of a com

puter program, DYMOL, along with its revisions. This program was originally 

written to calculate the dynamic forces applied normal to a rigid surface 

by moving traffic. Revisions are made in the program to include the 

flexibility (stiffness, damping and inertia effect} of the riding surface, 

and a special subroutine is added to generate typical grade crossing pro

files. Input formats, program listing and a glossary of variables are 

given for the use of the program. Also included with the report are the 

descriptions of the program•s subroutines and functions and method of 

calculation of dynamic loads along with Maysmeter readings. 
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Summary 

This report is a user's manual for a revised computer program DYMOL. In

put formats, program listing and a glossary of variables are included along 

with an explanation of the function of each of the program's subroutines. 

Highway pavements and structures are always subjected to dynamic wheel 

loadings due to the traffic moving over them, but their present structural 

design procedures are mostly based on static loading criteria for stress 

analysis and for materials evaluation. A reliable technique to measure the 

locations and magnitudes of these dynamic loadings is desired to achieve an 

improved and realistic design procedure. 

Dynamic loads mainly depend on characteristics of the vehicle, surface 

roughness and vehicle speed. Computer program DYMOL was written to calculate 

the dynamic loads applied normal to the surface of highway and other struc

tures by moving traffic. In this version of the program vehicles with two 

axles are simulated considering them to be damped oscillatory systems with 

several degrees of freedom. These mathematical simulation models are run 

over different surface profiles (natural or artificial) with different ve

hicle speeds. Differential equations of motion are written for each degree 

of freedom in the model. These equations are solved numerically to obtain 

dynamic wheel loads over a surface due to moving vehicles. The original 

program DYMOL was written to calculate dynamic loads applied normal to a 

rigid surface. The following revisions are made in the program to increase 

its usefulness to the design of railroad grade crossings: 

1. Flexibility of the riding surface (stiffness, damping and inertia 

effect) is included in the program. 

2. A special subroutine is added to generate the profiles of typical 

grade crossings. 
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Implementation Statement 

The program DYMOL was originally written and later revised in the expecta

tion that design engineers would be able to predict the actual dynamic wheel 

loading pattern created on a surface of highway pavement or a structure due to 

the interaction of any surface roughness and vehicle characteristics with 

different vehicle speeds. This would certainly help arriving at an improved 

and a realistic design procedure. This program may be used to evaluate an 

existing pavement or a structure and maintenance operation can be carried out 

to minimize the surface roughness which causes excessive dynamic loads. Due 

to the required geometries, the differential settlements caused by highway 

and railway traffic, and other practical construction complexities the railroad 

grade crossings are always a source of higher dynamic loads than on a typical 

pavement. DYMOL is used in this project to study the influence of different 

grade crossing profiles upon dynamic tire forces acting normal to the surface. 

Some typical results are shown in Research Report 164-1. This computer pro

gram requires approximately 100,000 bytes of memory. 
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INTRODUCTION 

This report is written as a users guide to the revised computer program 

DYMOL. Program input data and its format are shown here. Remarks and units 

of input variables are included to help reduce the time for setting up the 

data. 

DYMOL was originally developed by Nasser I. Al-Rashid (1) at the 

University of Texas at Austin. This was written to calcultate the dynamic 

forces applied normal to the surface of highway pavements and other struc

tures by moving traffic. However, certain revisions were made in the program 

to increase its flexibility and usefulness. A complete description of the 

original program DYMOL along with its revisions are documented in this report. 

Organization of this report is as follows. 

a) Description of the original program DYMOL 

b) Revisions of the program DYMOL 

c) Description of Subroutines and Functions 

d) Input description 

e) Description of FORTRAN variables that are used in the program 

f) Calculation of dynamic loads on each wheel along with Maysmeter reading 

g) FORTRAN Listing for Program DYMOL. 
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DESCRIPTION OF THE COMPUTER PROGRAM 

Description of the Original Program DYMOL 

This program was originally written for five classes of vehicles. 

However, vehicles with two axles are simulated in this version of the 

program by considering them to be damped oscillatory systems with seve-

ral degrees of freedom. Figure 1 shows the two-axle vehicle model. In this 

model the vehicle is represented by three distinct masses: (1) the main body, 

(2) the front axle, and (3) the rear axle. The main body is considered to be 

rigid. It rests on two axles through four springs, and a shock absorber is 

connected in parallel with each spring. Again, the two axles rest on at least 

four tires which are simulated by springs and dashpots. These springs and 

shock absorbers (or dashpots) may be different for different wheels. The fol

lowing movements of these three masses are used to calculate the dynamic loads 

for each wheel : 

1. Main body translation in the vertical plane; 

2. Main body pitching (rotation about a lateral axis of the body); 

3. Main body rolling (rotation about a longitudinal axis of the body); 

4. Front axle translation in the vertical plane; 

5. Rear axle translation in the vertical plane; 

6. Rolling of the front axle; 

7. Rolling of the rear axle. 

The last four motions of the axle may be accounted for by considering vertical 

translation of each of the individual wheels. The masses {main body, front 

axle and rear axle) are excited by surface profiles, which causes vibration in 

them. Differential equations of motion are set up for each individual mass. 

These equations are solved by numerical method, resulting in the total dynamic 

loads for each wheel. General Motors profilometer data from natural surfaces 

which have been digitized on magnetic tape can be used as input in the program. 
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These data are averaged for each contact length between the wheel and the 

ground to calculate the wheel path excitation. Artificial profiles can also 

be generated internally in place of or in addition to natural surface profile 

input. 

Revisions of the Program DYMOL 

The original version of DYMOL considers the surface over which the vehicle 

rides to be rigid. In reality, a pavement acts more like a viscoelastic mate

rial. A definite quantity of pavement and soil mass also vibrates with the 

vibrating wheel while being resisted by the inertia of the pavement. Consi

deration of the stiffness, damping and inertia of the pavement was incorporated 

into the program by rewriting the basic differential equations of motion. These 

equations were solved by the same numerical method as before. Figure 2 shows 

the original and revised models of the program. 

The revised simulation resulted in four additional degrees of freedom in the 

model one for each mass of pavement in contact with a tire. Table 1 shows 

the summary of the degrees of freedom of the revised DYMOL model. 

Two special subroutines which generate the profiles of a typical grade

crossing and of sinusoidal curves respectively have been written and added to 

the DYMOL program. Figure 3 shows a typical grade-crossing profile. 

Finally a set of /FORTRAN statements were added to the program to accumu

late the relative vertical movements of the rear axle with respect to the ve

hicle body. This movement is recorded by the Mays Road Meter reading in an 

actual vehicle as an indication of pavement roughness. The Maysmeter simula

tor is intended for comparison with the data from actual Maysmeter runs on 

any surface profile. Figure 4 shows a genera 1 flow chart of the revised computer 

program DYMOL. 
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X' ~ 

FIGURE 1.- TWO AXLE VEHICLE USED IN COMPUTER 
PROGRAM DYMOL (After Reference I) 

4 



m1 = Mass of Vehicle Body 
m2 = Mass of Tire and 1/2 Axle 
m3 =Mass of Soil That Vibrates 

in Phase With the Wheel 
y(t) =Excitation 

2 (a) Original Simulation Model 

K1 = Suspension Stiffness 
C1 = Suspension Damping Constant 
K2 = Tire Stiffness 
C2 = Tire Damping Constant 
K3 = Soil Spring Constant 
C3 = Soil Damping Constant 

2(b) Revised Simulation Model 

FIGURE 2 - SIMULATION MODEL 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Mass Differential 
Degree of Freedom System Variables Eq. of Motion 

Vertical Translation of the Main BMO YO 1* 
body. 

Rolling of the Main Body BlX PHIX 2 

Pitching of the Main Body BlZ PHIZ 3 

Vertical Translation of Front BMlR YlR 4 
Right Wheel 

Vertical Translation of Front BMll YlL 5 
Left Wheel 

Vertical Translation of Rear BM2R Y2R 6 
Right Wheel 

Vertical Translation of Rear BM2L Y2L 7 
Left Wheel 

Vertical Translation of Soil Mass BMPVlR PXlR 8 
with Front Right Wheel 

Vertical Translation of Soil Mass BMPVlL PXlL 9 
with Front Left Wheel 

Vertical Translation of Soil Mass BMPV2R PX2R 10 
with Rear Right Wheel 

Vertical Translation of Soil Mass BMPV2L PX2L 11 
With Rear Left Wheel 

TABLE 1. Summary of the Degrees of Freedom of the Revised 
DYMOL Model 

* See the differential equations in Appendix B 

6 



1T2 
TH2 ~ 
t ~ (} _, 1 ..J_ ___ ,_t ~T=-t 

DH2 

AI 81 EE 82 A2 
......, 

FIGURE 3 - TYPICAL GRADE CROSSING 



(Start 

t 
Read Vehicle and Roadway 

Characteristics 

t 
Set up Range for Studying 

Vehicle Response 

t 
Select type of Roadway Profile 
from aoong Natural, Artificial 

and Typical Grade-crossing profiles 

t 
Print Summary Table of Vehicle and 

Roadway Characteristics 

t 
Solve Equations of Motion 

and 
Calculate Dynamic Forces 

t 
!calculate Maysmeter Readings I 

t 
lPrint Outout I 

t 
Return for New Problem! 

1 
(End) 

Fig. 4 General Flowchart of the Computer Program DYMOL 
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DESCRIPTION OF SUBROUTINES AND FUNCTIONS 
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This program comprises of the main part, seven subroutines: CLASSl, 

DRIVER, INDAP, NATPRO, PRFAVG, READIN, and TAPEWR and two Functions: FBUMP, 

XBUMP. Table 2 gives a cross-reference listing of the main program, sub-

routines and functions. 

CALLED CALLING PROGRAM NAME 

PROGRAM MAIN CLASSl DRIVER FUNCTION FUNCTION INDAP NATPRO PRAVG READIN TAPEWR 
FBUMP XBUMP 

CLASSl ---------------X------------------------------------------------------

DRIVER --X-------------------------------------------------------------------

FUNCTION -----------------------------------------------------X-----------------
FBUt~P 

FUNCTION -----------------------------------------------------X-----------------
XBUMP 

INDAP ----------X-----------------------------------------------------------

NATPRO ----------X-----------------------------------------------------------

PRAVG --X-------------------------------------------------------------------

READIN --X-------------------------------------------------------------------

TAPEWR --X--------------------------------------------------------------------

TABLE 2: SUBPROGRAM AND MAIN CROSS-REFERENCE TABLE 

10 



A brief description of all the subroutines and functions is given below: 

Subroutine TAPEWR 

This subroutine reads the natural roadway profiles (profilometer data) from 

tape no. 10 and writes them on the temporary tape no. 1, which is used later in 

the program. When artificial bumps are used to calculate dynamic forces, this 

subroutine writes zeroes for natural profiles (profilometer data) on the 

temporary tape no. 1. 

Subroutine READIN 

This subroutine reads all the input-variables. A complete description is 

shown in the chapter 11 Input Description 11
• 

Subroutine PRAVG 

In this subroutine, natural profiles are read from tape no. l, which is 

already written in subroutine TAPEWR. Then these values are averaged to calculate 

the wheel path excitation. The contact length between the wheel and the ground 

is considered to be eight inches and the profilometer data are assumed to be at 

a spacing of 2.027 inch. Therefore, four profilometer data points are averaged 

each time to calculate the wheel path excitation for each contact between the 

wheel and the ground. When artificial bumps or railroad grade crossing profiles 

are used, the profilometer data are zeroed (already written on the tape 1) and 

the subprogram FBUMP or XBUMP generates the heights of the profile. As in the 

case of natural profile, here also, four data points are averaged to calculate 

the wheel path excitation for each contact between the wheel and the ground. 

These averaged wheel path excitation from natural, artificial or grade crossing 

profiles are written on tape no. 2, for further use in the program. 
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Subroutine DRIVER 

This subroutine calculates V (Velocity, inch per second), KSTEP, IFREQ, 

H (time step). Then all the variables such as linear and angular displacements, 

velocities, accelerations of vehicle body, tires and soil masses are initialized. 

At the end of this subroutine, ITIME (number of time steps to be studied) is 

fixed; and then subroutine CLASSl is called to calculate dynamic loads and 

Maysmeter readings. 

Subroutine NATPRO 

This subroutine reads the values of wheel path excitation for each time 

interval from tape no. 2 (on which these data have been written in subroutine 

PRFAVG). These values are used in subroutine CLASSl to calculate dynamic loads 

and Maysmeter readings. 

Subroutine INDAP 

This subroutine prints out the input data along with vehicle characteristics. 

Function FBUMP 

This function generates the profile height at each time step, due to 

sinusoidal curves. 

Function XBUMP 

This function generates the profile height at each time step, due to railroad 

grade crossing. 

Subroutine CLASSl 

This subroutine solves the equations of motion and calculates the total 

dynamic loads for each wheel, due to the wheel path excitation created by natural 

profile, grade crossings or artificial bumps. This subroutine also accumulates 

the vertical movement of vehicle body with respect to the rear axle. These 

12 



accumulated movements are printed as the Maysmeter reading corresponding to each 

time interval. 

At the beginning of this subroutine, input data are set up corresponding to 

each variable. Then the center of gravity of the vehicle body is located and 

body masses and mass moment of inertia are calculated. Subroutine INDAP is 

called to print out the input data. After the variables I and X3 are defined 

and XMAYSA and XMAYSM are initialized by zeros, the time do-loop is set up to 

calculate the dynamic loads on each wheel and to accumulate the Maysmeter 

reading. The range of this do-loop goes from 1 to !STOP, covering the whole 

time limit for running the model, incremented by each time step. Subroutine 

NATPRO is called within the do-loop on each time step to read its corresponding 

values of wheelpath excitations from the tape. A detailed description of 

calculations of dynamic loads on each wheel and the corresponding value of 

Maysmeter reading is shown in Appendix B. 
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INPUT DESCRIPTION 
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Card 
No. 

1 

Column 
No. 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

Program 
Variable 

BMPWDT 

NREC 

OS PACE 

NLCROS 

NRCRDI 

NRCRDF 

(If NLCROS = 0, omit this card set) 
2nd set 

(i) 1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

Al 

A2 

Bl 

82 

Cl 

C2 

Dl 

02 

Units 

inch 

inch 

inch 

II 

II 

II 

II 

II 

II 

II 

15 

Remarks 

Leave blank when natural profile 
or grade-crossing profile is used. 

Integer number, leave blank when 
natural profile or grade-crossing 
profile is used. 

Integer number, input any positive 
integer such as 1 if grade
crossing profile is used. Other
wise use 0 or leave blank. 

Integer number, this is the record 
number of the profile from which 
the data input starts. If a 11 
records are used in the input, 
use NRCRDI = 1. 

Integer number, this is the record 
number of the profile where data 
input ends. If all the records 
are used in the input, use 
NRCRDF = number of the last 
record. 



Card Column Program 
No. No. Variable Units Remarks 

(If NLCROS = 0, omit this card set) 
2nd set 

( i i) 1-10 TI inch 

11-20 T2 II 

21-30 EE II 

(If NLCROS = 0, omit this card) 

3 1-5 SMl inch 

6-10 SM2 II 

11-15 BHl II 

16-20 BH2 II 

21-25 CHl II 

26-30 CH2 II 

31-35 THl II 

36-40 TH2 II 

41-45 DHl II 

46-50 DH2 II 

4 1-10 NAXL 

11-20 IEXCIT Input 3: This is a fixed point 
number in the program. 

5 1-10 DSTR inch Leave blank when natural profile 
or grade-crossing profile is used. 

11-20 DSTL II II 

21-30 AMPR II II 

31-40 AMPL II II 
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Card Column Program 
No. No. Variable Units Remarks 

5 41-50 SPACER inch Leave blank when natural profile 
or grade-crossing profile is used. 

51-60 SPACEL II II 

61-70 WLR II II 

71-80 WLL II II 

6 1-10 v inch/sec 

7 1-10 CLOTOL 

11-20 TUM seconds 

21-30 IFREQ Leave blank; this value is set 
up in the program. 

31-40 NBR Leave blank when natural profile 
or grade-crossing profile is used. 

41-50 NBL II 

8 1-10 Xl ( 2) inch 

9 1-10 W(l) inch 

11-20 W(2) II 

10 1-10 AXAWT(l) lbs. 

11-20 AXAWT(2) II 

11 1-10 SKR(l) lbs/in. 

11-20 SKR(2) II 

12 1-10 SKL ( 1) lbs/in. 

11-20 SKL(2) II 

17 
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Card Column Program 
No. No. Variable Units Remarks 

13 1-10 CSR(1) 1b-sec/in. 

11-20 CSR(2) II 

14 1-10 CSL(l) 1b-sec/in. 

11-20 CSL(2) II 

15 1-10 TKR(l) 1bs/in. 

11-20 TKR(2) II 

16 1-10 TKL ( 1 ) 1bs/in. 

11-20 TKL(2) II 

17 1-10 CTR(l) lb-sec/in. 

11-20 CTR(2) II 

18 1-10 CTL(l) lb-sec/in. 

11-20 CTL(2) II 

19 1-10 AXWTR(1) 1 bs. 

11-20 AXWTR(2) II 

20 1-10 AXWTL(1) 1 bs. 

11-20 AXWTL(2) II 

21 1-10 PKR(l) 1 b/ in. 

11-20 PKR(2) II 

22 1-10 PKL (1) 1 b/ in. 

11-20 PKL(2) II 
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Card Column Program 
No. No. Variable Units Remarks 

23 1-10 CPR(l) lb-sec/in. 

11-20 CPR(2) II 

24 1-10 CPL(l) lb-sec/in. 

11-20 CPL(2) II 

25 1-10 PVWTR(l) 1 bs. 

11-20 PVWTR(2) II 

26 1-10 PVWTL(l) 1 bs. 

11-20 PVWTL(2) II 

27 1-64 ITITLE Alphanumeric; Problem Title 

28 1-32 I CLASS Alphanumeric; Name, type, etc. 
of the vehicle used. 

29 1-10 SPEED Miles/hour 

11-20 STRBMP Leave blank if natural profile or 
grade-crossing profile is used. 

21-30 BMPHT II 

31-40 BMPWDT II 

41-50 BMPSA II 

51.:.60 NPTTS Integer number. 

19 
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FORTRAN VARIABLE 

Al, A2 

AMPL, AMPR 

AXAWT(J) 

AXWTL(J), AXWTR(J) 

Bl, B2 

BHl, BH2 

BIX, BIZ 

BMlL, BMlR 

BM2L, BM2R 

BMPVlL, BMPVlR, BMPV2L, BMPV2R 

BMO 

BMPHT 

BMPSA 

BMPWDT 

Cl, C2 

CHl, CH2 

CLOTOL 

DESCRIPTION 

Lengths of horizontal pavements before 
and after the grade-crossing 

Amplitude of the left and right wheel 
path excitation respectively. 

Weight of axle assembly, differential, 
brakes, tires for axle J. 

Vehicle static weights of left and right 
side of axle J respectively. 

Lengths of the horizontal projection of 
initial and final ramp of a grade-crossing 
respectively. 

Vertical rise of initial and final ramps 
respectively. 

Body mass moment of inertias - Roll and 
pitch respectively. 

Mass of axle assembly, differential, brakes, 
tires, etc. of front left and front right 
axle respectively. 

Mass of axle assembly, differential, brakes, 
tires, etc. of rear left and rear right 
axle respectively. 

Mass of pavement and soil that vibrates 
with (front left, front right, rear left 
and rear right wheel respectively). 

Mass of the vehicle body. 

Bump height. 

Bump spacing. 

Bump width. 

Gap widths between 1st ramp and lst rail 
and between 2nd rail and 2nd ramp respec
tively of a grade-crossing. 

Depths of the gaps Cl and C2 respectively. 

Closure tolerance 

22 



FORTRAN VARIABLE 

CPL(J), CPR(J) 

CPlL, CPlR, CP2L, CP2R 

CSL(J), CSR(J) 

CSlL, CSlR 

CS2L, CS2R 

CTL(J), CTR(J) 

CTlL, CTlR, CT2L, CT2R 

Dl, 02 

DHl, DH2 

DlL, DlR, D2L, D2R 

DOlL, DDlR, DD2L, DD2R 

DYFlL, DYFlR 

DYF2L, DYF2R 

DSTL, DSTR 

OS PACE 

DESCRIPTION 

Damping rate of pavement or soil under left 
and right wheel of the axle, J, respectively. 

Damping rate of pavement or soil under 
(front left, front right, rear left and 
rear right wheel respectively). 

Damping rate for left and right suspension 
of axle J respectively. 

Damping rate for left and right suspension 
of front axle. 

Damping rate for left and right suspension 
of rear axle. 

Damping rate of left and right tire of 
axle J respectively. 

Damping rate of (front left, front right, 
rear left and rear right tire respectively). 

Width of the gaps between first rail and 
horizontal mid-portion and between 2nd 
rail and horizontal mid-portion respectively 
of grade-crossing. 

Depth of the gaps Dl and 02 respectively. 

Displacement of vehicle body (front left, 
front right, rear left and rear right 
portion respectively). 

Velocity of vehicle body (front left, 
front right, rear left and rear right 
portion respectively). 

Calculated dynamic forces at left and right 
side of front axle respectively. 

Calculated dynamic forces at left and right 
side of rear axle respectively. 

Distance from initial point to start of 
left and right wheel path excitation 
respectively. 

Spacing between two data points in the 
natural road profile (or artificially 
generated profile). It is measured in 
inches. For GM Profilometer data, DSPACE = 
2.027 inches. 
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FORTRAN VARIABLE 

EE 

FBUMP 

G 

H 

HT2 

H02 

HE2 

HH02 

I 

!EXCITE 

ID 

IFREQ 

KSTEP 

NLCROS 

NREC 

NMBMPS 

NPTTS 

NRCRDI 

NRCRDF 

DESCRIPTION 

Straight middle portion of pavement between 
two rails of a grade-crossing. 

Wheel path profile for artificial bump. 

Acceleration due to gravity in inches/sec2. 

Time step interval. 

2H (Twice the time step). 

H/2 (Half the time step). 

H2 (Time step interval squared). 

H2/2 (Half time step interval squared). 

An integer used in subroutine CLASS 1, the 
value is fixed and equal to 1 in the sub
routine. 

Type of excitation. This is a fixed point 
number. In the program it is 3. 

Variable name for identification and initial 
description of the profi 1 ometer data. 

Frequency of output. 

This integer value is used to calculate the 
time step length (H). KSTEP is larger for 
higher speed of the vehicle. 

This integer value is any positive number 
when grade-crossing profile is used; other
wise zero. 

Number of records. 

Number of bumps. 

Number of spaces in profilometer data for 
each contact between the wheel and pavement. 

This integer number is the number of a 
particular record of data profile from 
which the input starts in the program. 

This integer number is the number of a 
particular record of data profile at which 
the input ends in the program. 
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FORTRAN VARIABLE 

NTA 

NAXL 

NBL, NBR 

Pl, P2 

PXlL, PXlR, PX2L, PX2R 

P KL ( J ) , P KR ( J ) 

PKlL, PKlR, PK2L, PK2R 

PVWTL(J), PVWTR(J) 

PHIX, PHIZ 

DPHIX, DPHIZ 

DDPHIX, DDPHIZ 

SMl, SM2 

SPEED 

SPACEL, SPACER 

SKL(J), SKR(J) 

DESCRIPTION 

Number of profilometer data points averaged 
for each contact between the wheel and the 
pavement. 

Number of axles. 

Number of bumps in left and right wheel 
path respectively. 

Averaged wheel path excitation for right 
and left wheel respectively. 

Displacements of soil masses that vibrate 
in phase with front left wheel, front right 
wheel, rear left wheel and rear right wheel 
respectively. 

Stiffness of soil or pavement (subgrade 
reactions) under left and right wheel 
respectively of axle J. 

Stiffness of soil or pavement under (front 
left, front right, rear left and rear 
right wheel respectively). 

Weight of soil that vibrates in phase with 
left and right wheel respectively of axle J. 

Vehicle body rotation about x-axis (Roll) 
and z-axis {Pitch) respectively. 

Angular velocity of the vehicle body about 
x-axis and z-axis respectively. 

Angular acceleration of the vehicle body 
about x-axis and z-axis respectively. 

Elevation difference between Al and Bl and 
between A2 and B2 respectively of a grade
crossing. 

Speed of the vehicle (miles/hour). 

Spacings of left and right wheel-path 
bumps respectively. 

Stiffness of left and right suspension 
respectively of axle J. 
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FORTRAN VARIABLE 

SKl L, SKl R 

SK2L, SK2R 

STRBMP 

Tl, T2 

THl, TH2 

TDlFL, TDlFR 

TD2FL, TD2FR 

TVR 

TUM 

TKL(J), TKR(J) 

TKlL, TKlR, TK2L, TK2R 

TAPEl, TAPE2 

v 

VFPS 

VMPH 

VL, VR 

WLL, WLR 

W(J) 

Xl (2) 

XLI, XRI 

X2, XX2 

DESCRIPTION 

Stiffness of left and right suspension 
respectively of front axle. 

Stiffness of left and right suspension 
respectively of rear axle. 

Straight distance to the bump. 

Width of lst and 2nd rail-top respectively. 

Elevation difference between Tl and EE and 
between T2 and EE respectively. 

Total forces at left and right side 
respectively of front axle. 

Total forces at left and right side 
respectively of rear axle. 

Profilometer data for natural profile in 
inches. 

Time limit in seconds for running the vehicle. 

Stiffness of left and right tire respectively 
of axle J. 

Stiffness of tire (front left, front right, 
rear left and rear right tire respectively). 

Profilometer data in inches. 

Velocity of the vehicle in inches/sec. 

Velocity of the vehicle in feet/sec. 

Velocity of the vehicle in miles/hour. 

Wheel path excitation. 

Wave lengths of the left and right bumps 
respectively. 

Width of axle J. 

Distance between axle 1 and axle 2. 

Initial left and right wheel-path excitation. 

Distance between C.G. and the rear axle of 
the vehicle. 
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FORTRAN VARIABLE 

X3, XXl 

X BUMP 

XMAYSA, XMAYS, XMAYSM 

YO 

DYO 

DDYO, ADDYO 

Yll, YlR, Y2L, Y2R 

DYlL, DYlR, DY2L, DY2R 

DDYlL, DDYlR, DDY2L, DDY2R 

DESCRIPTION 

Distance between e.G. and front axle of 
the vehicle. 

Wheel path profile for grade-crossing. 

Maysmeter simulations calculated in the 
program. 

Displacement of C.G. of the vehicle. 

Velocity of C.G. of the vehicle. 

Acceleration of C.G. of the vehicle. 

Displacements of axle (front left, front 
right, rear left and rear right portion 
respectively). 

Velocity of axle (front left, front right, 
rear left, rear right portion respectively). 

Acceleration of axle (front left, front 
right, rear left, rear right respectively). 
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APPENDIX B 

CALCULATION OF DYNAMIC LOADS ON EACH 
WHEEL ALONG WITH MAYSMETER READINGS 
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The following are the differential equations of motion due to different 

degrees of freedom in the revised model of DYMOL as shown in Table 1. 

SKlR (DlR- YlR) + CSlR (a~~R- a~~R) + SKlL (DlL-YlL) 

+ CSlL (aDlL - aYlL) + SK2R (D2R - Y2R) + CS2R (aD2R - aY2R) at at at at 

+ SK2L (D2L - Y2L) + CS2L (aD2L - aY 2L) + BMO · a
2

YO = 0 
at at at2 . . . Eq. ( 1 ) 

(!il_) [SKlR (DlR- YlR) + CSlR (aDlR- aYlR) - SKlL (Dll- Yll) 2 at at 

- CSlL (aDlL- aYlL)] + (W2) [SK2R (D2R- Y2R) + CS2R (aD2R- aY2R) 
at at 2 at at 

-SK2L (D2L - Y2L) - CS2L (aD2L - aY 2L)] - BIX . a2PHIX = 0 
at at at2 

. Eq. (2) 

X3 [SKlR (DlR - YlR) + CSlR (a~~R - a~~R) + SKlL (Dll - Yll) 

+ CSlL (aDlL - aYlL)] - X2 [SK2R (D2R - Y2R) + CS2R (aD2R - aY2R) at at at at 

+ SK2L (D2L - Y2L) + CS2L (aD2L - aY2L)] - BIZ · a
2

PHIZ = 0 .. Eq. (3) 
at at at2 

SKlR (DlR - YlR) + CSlR (a~~R - a~~R) + TKlR (PXlR - YlR) 

+ CTlR (aPXlR _ aYlR) _ BMlR . a2YlR = O 
at at at2 

SKlL (Dll - Yll) + CSlL (aDlL - aYlL) + TKlL (PXlL - Yll) at at 

+ CTlL (aPXlL _ aYlL) _ BMlL . a2Yll = O 
at at at2 

SK2R (D2R - Y2R) + CS2R (a~~R - a~iR) + TK2R (PX2R - Y2R) 

2 + CT2R (aPX2R _ aY2R) _ BM2R a Y2R = O 
at at at2 

SK2L (D2L - Y2L) + CS2L (aD2L - aY2L) + TK2L (PX2L - Y2L) at at 
2 + CT2L (aPX2L _ aY2L) _ BM2L a Y2L = O 

at at at2 
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. . . Eq. ( 4) 

... Eq. (5) 

. . . Eq. ( 6) 

... Eq. (7) 



PKlR (VlR - PXlR) + CPlR {aVlR - aPXlR) - TKlR (PXlR - YlR) at at 

_ CTlR (aPXlR _ aYlR) _ BMPVlR a2PX1R = O 
at at at2 

..• Eq. (8) 

PKlL {Vll - PXlL) + CPlL {aVlL - aPXlL) - TKlL {PXlL - Yll) at at 

_ CTlL (aPXlL _ aYlL) _ BMPVlL a2PX1L = O 
at at at2 

... Eq. (9) 

PK2R {V2R - PX2R) + CP2R {aV2R - aPX2R) - TK2R {PX2R - Y2R) at at 

_ CT2R (aPX2R _ aY2R) _ BMPV2R a2PX2R = O 
at at at2 

... Eq. (10) 

PK2L {V2L - PX2L) + CP2L {aV2L - aPX2L) - TK2L {PX2L - Y2L) at at 

- CT2L (aPX2L - aY2L) - BMPV2L a2px~L = 0 
at at at 

. . . Eq. ( 11) 
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Solution of Differential Equations of Motion 

These differential equations of motion are solved by a numerical 

technique described by N .M. Newmark (_g_) in his paper entitled, "A Method 

of Computation for. Structura 1 Dynamics". The procedure is based on 

the assumption that the displacements, the velocities and the accelerations of 

the system are known at any particular time, ti. The values of these variables 

at ti+l are determined from the following relationships. 

av 2 1 a2v 2 a2v 
(Y)i+l = (Y)i + h(at)i + h (2- B) (at)i + h S (-2)i+l 

Where: Y = displacement of a mass 

~i = velocity of a mass 

a2v _ 
acceleration of a mass 

at2 -

at 
... Eq. (A) 

... Eq. (B) 

The values of v and S are used as l/2 and l/6 respectively which make the 

solution converge quickly. Figure 5 shows the flowchart of the procedure 

used tn the numerical technique. 

31 



Assume an Initial Value for 
Acceleration of Each Mass 

t 
Assumed Acceleration Calculate the Velocity and Displacement for 

Equa 1 s to Each Mass by Using Eqs. (B) and (A) 
Calculated Acceleration t 

Calculate the Acceleration from the 
Differential Equation of Motion 

~Yes ~sumed Acceleration-Calculated Acceleration) -
No 

Solution Obtained and 
Go To Next Time Step 

Figure 5. Flowchart Showing the Steps of Numerical 
Technique used in DYMOL 
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Calculation of Total Dynamic Load on a Wheel 

The vertical translations of the vehicle body, tires and soil masses are 

obtained by solving the differential equations of motion for a particular time 

step. Dynamic forces are calculated in each wheel for the same time step from 

the following expressions: 

DYFl R = TKl R (PXlR- YlR) + CTlR ( a P Xl R _ a Y 1 R ) 
at at 

DYFlL = TKlL (PXlL - Yll) + CTlL (aPXlL _ aYlL) 
at at 

DYF2R = TK2R (PX2R - Y2R) + CT2R (aPX2R _ aY2R) 
at at 

DYF2L = TK2L (PX2L - Y2L) + CT2L (aPX2L _ aY2L) 
at at 

After calculating the dynamic force component on a wheel, the total dynamic 

wheel load may be determined by simply adding the static and the dynamic force 

components as follows: 

TDFlR = DYFlR + AXWTR(l) 

TDFlL = DYFlL + AXWTL(l) 

TDF2R = DYF2R + AXWTR(2) 

TDF2L = DYF2L + AXWTL(2) 

Excessive roughness may cause loss of contact between the wheel and the pave

ment, making the total dynamic force a negative quantity. Provision is kept 

in the program to make the total dynamic force as zero when it becomes nega

tive. This is done to avoid any tension force acting on the pavement since it is 

not possible in reality. 

Maysmeter Simulation 

Figure 6 shows the flowchart for Maysmeter simulation. XMAYS is the calcu

lated difference between the vertical translation of the rear axle and rear end 
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of the vehicle for a particular time step, ti. XMAYSM is the value of XMAYS in 

the previous time step, ti-l" The absolute value of the difference between 

XMAYS and XMAYSM is accumulated for every time step. This accumulated value 

up to any time step ~MAYSA)is the Maysmeter reading at that time. 
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0 

Initialize XMAYSA, XMAYSM 

XMAYS = 0·5 [(Y2R + Y2L) - (D2R + D2L)] 

IABSMAY = ABS (XMAYS - XMAYSM)j 

XMAYSA = XMAYSA + ABSMAY 

Yes 

j Return 

Figure 6. Flowchart for Maysmeter Simulation 
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APPENDIX C 

JCL AND FORTRAN LISTING FOR DYMOL 
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Supporting IBM Job Control Language {JCL) for the Program DYMOL is as follows: 

IIJf/JB 

I*PASSW(/JRD 

IIDYM(/JL EXEC F(/JRTGCG,REGI(/JN.Gf/J=lOOK 

IIFf/JRT.SYSIN DO* 

Sf/JURCE DECK 

IIGf/J.FTOlFOOl DO UNIT=SYSDA,SPACE=(CYL,(2,2)),DISP=(NEW,PASS) 

IIGf/J.FTOlF002 DO UNIT=SYSDA,SPACE=(CYL,(2,2)),DISP=(NEW,PASS) 

IIGf/J.FT02FOOl DO UNIT=SYSDA,SPACE=(CYL,(2,2)),DISP=(NEW,PASS) 

IIGf/J.fT02F002 DO UNIT=SYSDA,SPACE=(CYL,(2,2)),DISP=(NEW,PASS) 

IIGf/J.FTlOFOOl DO UNIT=(TAPE9,,DEFER),V0L=SER=XXXXXX,DISP=(f/JLD,KEEP), 

II DSNAME=XXXXXX 

IIGf/J.SYSIN DO* 

INPUT DATA 

/*END 
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c::c::c: 

CC~MC~I~Zl/ F>1R,F~1L.FX2~.FX2L,CFX1~.CFX1L,CFX2~.CPX2L, 

1 CDPX1R,CCPX1L,DCP~2R,DDP>2L,ADPXlR,ACPXlL,~DFX2~,ADPX2L,IE~O 

CC~~C~ /~22/Al,A2,E1,E~,C1,C2,Cl,C2,Tl,T2,EE 

1 ,I\LCRCS,~f.!1,~~2.BHl,et-2,Ct-l,Ct-2,lH1,Tt-2,Ct-1,Ct-2 

CO,~CI\ / ~Z7 I XCIST,OSPACE 
CC,,C~ /A29/ ~~C~CI,I\~C~CF 

CO~MCN / 1\Af.!E / ~~A,E(20),X~ANE(20J,NEI\C 

Cl"'E~SICI\ XI\A,E1(2C) 
0 AT A X~ A ,E 1 /6 C • 0 • 1 • 0, 1 • 0, 0 • 0 .,Q ,O ,2 .0 , 0 .0 , 10 •, 3 .o, 2 • 42, 120 •, 0 CO • 0, 

t t.c.,t.c,l.c,c.o,o.c,o.o,o.o,o.o; 

* 
* 
* 
* 

ECUIVALEI\CE (X~AME(l),SPEEC),(XNAME(2),PRTOUT) , 

~EAL 1\~B~FS 

II~ITE(t:,555) 

FCf:;MA T( lH 1) 

(XI\A,E(6),AXL~LN),(XI\AME(7),STRCSF), 

{XNAME(8),STRB,P},(XI\AME{9),NM8MPS), 
(X~~"'E(lQ),E~Ft-T),{XNAME( ll),BMPWCT)., 
()I\A,E(12).,8~FSFA) ,(XI\AME(3),FRTTEL) 

2 CC~TI~UE 

~EA0(5,SCC,EI\C=1SC)E"'F~CT,~f:;EC ,CSPACE,I\LC~OS, N~CRCI,NRCRDF 

XD IST=CSPACE* ?!:C 
800 FCF,AT(G10.2,I10,Fl0e2,3110) 

IF{ ~LCRCS.EC.C ) GC TC 111 
f:;EAD(5.,1010)Al,A2,81,82,Cl,C2tCleD2,T1,T2,EE 

lClC fCFMAT(8Fl0.2) 
READ(5,202C)S,l,S,2,8Hl,EH2,Ct-l,Ct-2,Tt-1,Tt-2,Ct-l,Ct-2 

2020 FCF,~T(10F~.3,15) 

X=Al+A2+Bl+E2+Tl+T2+Cl+C2+C1+C2+EE 
1\REC=X/XDIST +1 

111 CC~TII\UE 

CC 1 I=l.2C 
XNAME( I)=Xf';AMEl( I) 

1 CCHII\UE 
CALL TAPE~R(I\REC) 

CALL REACIN 
~Et0(5,500) S~EEC,Slf:;E~F. 

~CC FORMAT{5GlC.2.IlC) 
lF{f';RECeECeO) GC TC ~ 

~~E,FS-=4. 

2 1\PTTS= EeC/OSPACE +1 
CPLL F~FAV~(I\FTTS) 

CALL CFI\IEF 
IF (1\LCROS.NE.C) GC 10 4 
IF(N~EC.EC,O) (C TC 4 

EMP~T.EMPWCT,EMP~PA.NPllS 

~RITE(E,ECCJ ()I\Af.!E(L)1L=1.20) 
WRITE(c.600)SPEED.STRBMP,N~8MPS.BMPHT,8MPwDT,8,PSPA.NPTTS 

tCC FCFMPT(lX,lOG13.5) 
4 GC TC 2 

190 STCP 
ENC 
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~LERCL11NE lAFE~M(~~EC) 

CGMMON / ~Z7 / XCIST,OSPACE 
cc~~c~ /ft29/ ~~c~cr.~Fc~cF 
CI~E~SICN CA~0{2C) 

[!~E~SIC~ TAPE1(7SO) ,lAPE~(7~C) 

Clf-Ef'.SICI\ IC(5) 
RE~I~D 1 
lF(NREC.LT.O) GO TO 4E 
IF(N~EC.EC.O) GC TC 5 
IN-=N~EC * XO IS T 
\\~lTE(6,1~~5)~~EC, I~ 

FCF~AT(lOX,•SlEFCLliNE TftFE~~~·,I3,•RECC~CS= 1 ,10X,I6, 

*' INC~ES Of NATLRAL PRCFILE 1 ) 

100 

CC 100 I=l ,750 
lAFEl( l)=C.C 
T~PE2(1l=O.O 

10(1 )=0 
ID(2)=~REC 

IC (3 l=O 
10(4)=0 

IO ( 5 l= C 
\\FITE(l) IC 
CC 2CO 1=1 .~FEC 

20C ~RITE(1) TAPEl,TAPE2 
t: EI\CFILE 1 

ENDF ILE 1 
RE\\INC 1 
FETUR~ 

~ CO~TINUE 

CC 1 1=1,3 
FEA0(1C,111) CARC 

111 FCFMAT(2CA4) 
~FITE(6,112) C~RC 

112 FORMA1(1)(,2CA4,//) 
1 CONTINUE 

FE.tCUO.t7) IC 
17 FORMA1(511C) 

NREC= ICC2} 
I~=NFEC*XCIST 

~RITE{€,12~4)1\~EC,I~ 

1234 FORM~T{lOX,•SLBRCUTINE TAPEwR =1 ,I3, 1 RECORDS 1 ,ICX,I6,•INCHES OF S 

<:Cl 
c 

4E 

*t<CCT~ FFCFILE 1 ) 

'#RITE(!) ID 
CC 201 I=1.~REC 

FEAOtlC.l€) 1AFEl,TAFE2 
IF II.LT.NRCROI.OR.I.GT.NRCRCF) GO TC 201 

\\RITE(l) TAPEI,TAPE2 
CO~TINlE 

****************************************************************** 
<:C TC 6 
RE~If\0 1 
REAC(1) IC 
~REC=IC\2J 

IN=NREC*XD IST 
~RITE(6,12~5)NREC,IN 

FE\Ilf'.C 1 
18 FO~MA~(2CF~e2J 

FETU FN 
ENC 
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~CEROLliNE READIN 
CO~~O~/~Zl/ F~tR,P~lL,PXfR.PXfL.DPXlR,OPXtL.DPX2~.DFX2L, 

1 ODFXlR,CCFX1L,CCFX2~.CCFX2L,~CPX1R,ACPX1LtACPX2R,AOPX2L,IEND 

CO,.,MCN IAZ£/Al,A2,El,B2,Cl,C2,Dl.D2,T1 ,T2,EE 
1 .~LC~CS,S~l.S,.,2,Erl•Er2,C~l,Cr2tTHl,TH2,0HltOH2 

CC~~C~ /A241 FK~(2),FKL!2),CF~(2),CPL(2),pVWT~(2),pVWTL{2) 
C 0 ~ M 0 N 1 SET 1 / T \1 R ( .3 7 ~ C ) , l v L { :3 7 5 C ) , I 7 7, A X\\ T R { 5) , A )( W 1 L ( 5 ) , X 1 ( 5 ) , 

1 IliTLE(16),1(lASS(8),~0F(5),W(5),AXAWT(!S),VL(~,2),\IR(5,2) 

CC,.,MCN I ~El2 I IEXCIT,IL~IT,H,~AXL,ITI~E 

ltVtSPACELoSFACER,~LL,WLR,JFREQ,BMO,B~lR,BMlL,BM2Rt8~2L, 

2 EIX~EIZ,ET12,VFPS ,M,KONVER,BETA,HT2,H02,HE 
~£.~HC2,GRA\I,I~TOP,NITINE,KR,XXl,XX2,XX3,XX4,XX5,X12,X13tX14tX15, 

4FHIXl,CFriXl,CCPX1, ACDXl, P~IX2,0PHIX2,DDPX2tADDX2,PHIZ1, 

5DFriZ1,CCFZl,PCC21tPHIZ2,CF~I22,CDPZ2,PCCZ2,YOl,CY01 

CONMCN I SEP2 / OC\'Cl,ADD'VC1,YC2,DY02,DDY02,ACDYC2,TRL,A,XC1tXC2, 
lXT~2.XTRT,XT~23,XTR45,EI21tE122,EIXl,EIX2,BT1ZltBTIZ2tBMOltB~02, 

2NREAC,XlR3,XC23 
{0~MCN/SET.3/YO,OYQ,DOYC,ACDYO,YlR,OYlR,DDY1R,ADDY1R,YlL,OY1LwDDYlL 

1 ,ACDY1LtY2~tCY2~.CCY2~.~CCY2~.Y2L,CY2LeCCY2L,AODY~L 

* 
* 
"' 

CO~MCN / SET4 / PHIX,CPHIX,DDPHIX,AODIX,PHIZ,CFHIZ,CDPHIZ, 

CC~~(~ / SETS 

~CCIZ,lrTZR,DTHTZR,DOTZR.ADDZR,THTZLe 

CTHTZL,CCTZLeACDZL,FVl~.PVlL.FV2R,PV2L, 

CLCl(L,IOUT,TLifl 
/ I<STEFt JC(!S), 12eXLI,XRI 

CO~MONt5Elc/A)(A~T1,AXA~T2,~XwTl,AXWT2,ECCTCT,ECD~TleBODWT2eCS1L, 

li<CS2L,CS1ReCS2R.CllL,CT2LtCl1R,Cl2R,SK1L,SK2LtSI<lR,51<2R,lK1LeTK2L 
CC~MC~/SEF6/TI<1~,TK2R.~1,w2.x2,CSTLeAMPR,AMPL,NBReNBL 

CC~MC~ /NAME / NNA~E(2C),V~PH.XPRT,YFRT,BRLGTH,CSTR,XFAKE{15), 

* NENC 
C C to fl C" I A 2 5 / C l F.( 5 ) • { T L ( 5 ) , C 5 ~ ( 5 ) , C S L ( 5 ) • T K r ( 5 ) , T K L ( 5 ) , SKL ( 5 ) , SK R ( 5 ; 

C INPUT 
C lrE SPEEC SrCULC EE LI~ITEC EETWEEN c.C AND ce.O M.P.H. 

( 

RE~D <=•1C5,END=190) ~AXL,IE>CIT 

REAC(5.110)DSTR,OSTLtA ... PR,AMPL,SPACER,SPACEL.~LR,.LL 
~E~D (5 ,11 C )V 
READ(5,11=) CLCTOL,lLI~.IFREC,~BR,NBL 
FE.tD{5,110) X1{2) 
F= E AD { = , 11 C) ( 'A ( J) • J = 1 • 2) 
REAC{!:,llC )(AXAV.l{J >• J = 1 • 2) 
FEPD(5,110)(SI<~(J) • J = 1. 2 ) 
READ{!S,llC) (51<L{J) • J = 1 .2) 
~E~D(5,11C)(CSR(J) , J = 1 • c ) 
FE.AD(5,110)(CSL(J} • J = 1 • 
READ{5,11C){TI<R{J) • J = 1 • 2) 
FEtC(5,110)(TKL(J) • J - 1 • 2 ) 
FEP0(5,11C){{lR(J) • J = 1 .2) 
FE P D ( ~, 11 C ) ( C lL ( J ) • J = 1 • 2} 

FEtC{5,11C) (PXwTR{J), J = 1 
READ(5,11C> { A><.TL( J), J = 1 
REPD PAVEMENT F=RCPERTIES 
FEAD(5,110){FI<F(J), J=1,2) 
READ(!:,llC)(PI<L{J), J=1,2) 
FEt0(5,110)(CPR(J), J=1,2) 
FEP0(5,11C)(CFL{J), J=1,2) 
RE.AC{5, llC ){P'v.TR{J), J=1,2) 
~EtD{S,llO)(PVWTL{J), J=l,2) 
READ ( =, 1 C C) ( 11 I llE (I) , I= 1 , 161 
FE.A0{5,100)( !CLASS( 1),1=1,€) 
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2) 
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100 FO~MPT(20A4) 

105 FCF~-1(3110) 

11C FO~MAT(€E1C.3) 

115 FO~MAT{2ElC.3.4110) 

1<;0 

J:;EAD(l) IC 
NRECRD=ID(2) 
X R I-= I C ( 4 ) / 1 0 0 0 0 • 
XLI=IC{5)/10000. 
VFPS 
v~Fr 

~ETUJ=;I\ 

~TCP 

E"C 

= 
= 

V/12.C 
VFPS>+t~.0/22.0 
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SUERCLTINE PRFAvG(NTA) 
CC~~C~ /~22/~1.A2,El,E~tCl,C2,Cl,D2,Tt,T2,EE 

1 , t\L C f; C!: , ~ fJ 1 , ~ fJ 2 , B r 1 • E r2 , O·H • C t- 2 , T H l , T J- 2 , C r 1, C r 2 
CO~MCN / AZ7 / ~Cl~T.D~PACE 

CC~MCt\/SET1/TVR(3750),TVL(3750),177,AXWTR{5),AXWTL(5),Xl(5), 

1 I TI 1L E { 1 t ) , I C l A !: ~ ( 8) • I'D f= ( 5 ) , V. {5) , AX t1 W T ( 5 ) , V L ( 5, 2 ), V R { 5, 2 ) 
COfJMCN /NAME/ NNAME(~C),VfJFH,XPRT,¥PRT,BRLGlH,O~TR,XFAKEI15),t\E 
CI~E~SICt\ TAFE1(150Q),Fl(750),F2(750),TEMP{10C) 
ECll'vALEt\CE (l'vR,TAFEl),(T\f;(l5Ct),Fl),(TVR(2251),P2), 

:+ <TVR (300 1 ) , T EfJF) 
IF(NTA.EC.C) I'TA=8.0/C!:FACE +1 
IF(NTA.LT.l.OR.NlA.GT.~C) RElL~t\ 

I'T2=1\TA/2 
t\'REC=C 
t\ T 2= NT 2 :+ 2 
lf(Nl2.EC.I'TA)I\Tt=I'TA+l 
IF<NlA.NE.l)GC TC 1 
f;E\>111\C 2 

2 f:;EAO(l,EI\C=3) TVF 
DO 1 :3 J = 1 • 1 ~ C C 
t<J=(J•l)/2 

12 ·1Vf;(J)=TVR(J)*XFAKE(8)+FELfJF(KJ+l+NREC*750} 
1 

I'REC=f\REC+l 
V.RilE(2) 1'vR 
<:O TO 2 

3 EI\CFILE 2 
REV.II\0 2 
CO 15 LL= 1 ,1\REC 

15 EACJ<!:FACE 1 
GO TO 5CC 

1 1'12=1\TA/2 
FiE H I'D 2 
1\ T 2= N T A >lo 2 

FEJO(l) TAFEl 
DO lC J=l,l\12 

+XBLfJP(KJ+l+NREC*750) 

F 1 ( J ) =TAPE 1( 2 *J- 1 ) lt XFAKE ( €) +FE l.MP { J) 
1 +XEUMP(J) 

1C F2(J)=lAPE1(2:+J)*XFAKE(E)+FELfJF(J) 
1 +)IEUMP(J) 
!:L~l = 0.0 
sutJ 2 =c.c 
C C 1 2 K= 1 , 1\ T A 

~LfJ1=~LfJl+TAFE1(2*~-l]:+XFAKE(8)+FEUMF(K) 

1 +)IBUMP(I<) 
12 !:L~2=SlfJ2+1PFE1(2ltK)ltXFAKE(8)+FEUMP(K) 

1 + >cEUMP ( K) 
PliNT2~ll=SUMl/NTA 

F2(NT2+1}=SU~2/~TA 

~C K'=I\T2+2 
50 SU~l=SU~l+(TPFE1(2*1<+NlA•2)•TAPE1(2*K-NTA-2))* 

* XFAKE{8)fFEL~F{K+~T2+N~EC*750)-FEU~F(K•NT2+NREC*750) 

1 +)8LMF(K+NT2+1\~EC*7EC)->cEU~F(K•NT2+NFEC*750) 

SLt<2=SL~2+(TAPE1(2*K+NTA•l)•TAFE1{2*K•NTA-1)}* 

* )IFAKE(8)+FBL~F{K+~12+1'FEC*750)•FEU~P(K-I\T2+1\~EC*750) 

1 +)18U~P(K+~T2+NREC*750)-)18LfJP{K-NT2+1\REC*750) 

Pl(K)=SU~l/1\TP 

P2(K)=SUt-12/f\TA 
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K=K+ 1 
ITEST=750•1\T2 
IF(K.GT.ITEST)GC TC 40 
GO TC ~ C 

4C CC 45 L=l.t-.T3 
4~ 1E~~(L)=TPFEl(L+15C0•2*t-.TA) 

~E~C(l.ENC=4E) lAPEl 
CC 46 L=l .1\T,A 
:LM 1 =!: l M 1 + ( T A FE 1 ( 2 * L • 1 ) • T E t< F ( 2 * L •1 ) ) *X F ,A K E ( 8 ) 

* +FEUMP(L+{NREC+1)*7~C)•FBUMP(750•(NlA-L)+~REC*750) 

1 +XEU~F(L+(I\~EC+1)*750)•X8U~P{750•(NTJ1•LJ+NREC~750) 

SU~2=SU~2+{TAFE1(2*Ll•1EMP(2*Ll)*XFAKE(8) 

* +FEUMF(L+{I\REC+1)*75C)•FBLMP(750•(NTA-L}+I\REC*750) 
1 +XEU~F(L+CI\~EC+1)*750)•XEU~F(750•(t-.T~•L)+I\REC*750) 

Pl(K >=SuMl/NTA 
F2(K)=SU~2/I\TP 

K=K+ 1 
IF (I<.EQ.751 
GC TC 46 

47 K=l 

GO TO 47 

.... ~JTE(2) (~l(I),F2(l).I=lt7~C) 

4t CCt-.TII\LE 
1\REC=NREC+l 
(C TC 30 

4E CC 7C t-.=1<,750 
Pl(Nl=TAPE1(N*2-l)*XFAKE(E)+FBL~P(N+75C*I\REC) 

1 +XELM~(N+7~0*NREC) 

7C P2(N)=lAPEl(I\*2)*XFAKE(8)+fEU~F(I\+750*1'REC) 
1 +XBUMP(N+750*NREC) 
-RITE(2)(Fl(l).F2(1),1=1,750) 
ENCF 1LE 2 
~EV.It-.C 2 
IF (t-.REC.EC.C ) 1\REC=t 
CO 1 t LL= 1 ,NREC 

lt UCKSFPCE 1 
5CC COI\TINLE 

V.RITE(€,31) NTA 
3 1 F C ~~,AT { I 1 0 , 1 F C I 1\ T N C V I 1\ G /. V E R f. G E 0 F F R 0 F IL E • ) 

RElURI\ 
ENC 
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c 

c 

( 

SLERCLTI~E C~IVER 

CO~MC~/AZl/ ~)1R,P~ll,FX2R,FX2L,CPX1~,CFX1L,CPX2R,CPX2L, 

1 CDPX1R,CCPX1L,ODPX2R,OOPX2L,ADPX1R,AOPX1L,ACFX2~,ADPX2L,IE~D 
CC~~C~ IA221Al,A2,El,E2,Cl,{2,Cl,02,Tl,T2,EE 

1 .~LCROS,S~l .S~2.,8Hl,Et-2,CI-'1,Ct-2,TH1 ,Tt-2,Ct-l,Ct-2 
CCNMC~ I A27 I XCIST,CSPACE 
CCNMC~/SET1/TVR{375Q),TVL(3750), I77,AXWTR(5),AXWTL(5),X1(5), 

1 I T I T L E { 1 c ) , I C LA S S { e ) , f\0 P { 5 ) ,. \\ ( 5 ) , A X A w T { 5 ) , V L { 5 , 2 ) , V R ( 5 , 2 ) 

CO~MON I SET2 1 IEXCIT ,IL~IT,t-.~AXL,ITI~E 

t,V,SPACEL,SPACER,~LL,~LR,IFREO,B~O,B~l~,E~lL,EM2R,E~2L, 

2 EIX,EI2,ETI2,VFPS ,M,KONVER,BETA,HT2,H02,HE 
~2,t-H02,GRA\,IS1CF.,~ITI~E.K~,XXl,XX2,XX3,XX4,XX5,Xl2,Xl3,Xl4,Xl5, 
4Pt-IX1,CPt-IXltOOPX1 ,ACDXl ,Pt-IX2,DFHIX2,DDPX2,ACDX2,PHIZ1, 
50PriZl,OOPZ1 ,ACC21 .~t-122,CFI-'IZ2,CCPZ2,ADDZ2,Y01,DY01 

CO~MON I SEP2 I DOYCl,A00)Cl,YC2,DY02,0DY02,ACDY02,TRL,A,XCl,XC2, 
lXTR2,XT~T,XTR23,XTR45,EIZl,EIZ2,8IXl,BIX2,8TIZl,BTIZ2,8MOl,BM02, 
2~~EAC,XTR3,>cC23 

COMMONISET~IYC,OYC,OD)C,AOO)O,~lR,OYlR,DCYlR,AOO~l~,ylL,DYlL,OCYlL 
l,ACDY1L,Y2RwCY2RwCCY2R,ACCY2~.Y2L,CY2L,CCY2L,ADD~2L 

CO~MONISET4/FHIX,OFHIX.DCPHIX,~CDIX,PHI2,DPHIZ.DCF~IZ,ACDIZ, 
lTHTZR,CTHTZRwCCTZR,ADDZR,THTZL,QTHTZL,CDTZL,ADDZl,PVlR,PVlL , 
2 FV2R,FV2L. CLOTOL.IOUT,TLIM 

CCfoi~CI\ /SETS I KSTEP,IC(!:),u;:,XLI,XRI 
CC~M(I\ I 1\~~E I I\I\~NEC20),V~Ft-.XFRT,YFRT.eRLGTH,CSTR,XFAKE{l!:),NE 
COMMCN/AZ51CTR(5),CTL(!:),CS~(5),CSL(!:),TK~(5),TKL(5},SKL{5),SKR{5} 
IEI\0=0 
>l<l)=c.c 
REWIND 2 
\FFS=V~Fr*22.0/15.0 

V= \FP S * 12 • C 
I<STEF=l 
IF~EG=2 

IF(XFAKE( 14).NE.C.C) 
t-=CSF,I!CE*KSTEP/V 
DC 2C l=l,2 
VR {L • 2 )= XR I 
VL (L w2 )-=XL I 

IFREO=XFAKE{l4) 

2C 1\0P(L)=-Xl(L)/D~PACE+t<STEF 

CYC=O.O 
DD~O=O.C 

ACCYO=O .o 
YO=(XRI+XLI)/2.0 
YlR=XRI 
Yll=XLI 
Y2R=>cRI 
Y 2L= XL I 
CYlR=O.O 
C'l'IL=c.c 
CY 2R=O .c 
CY2L=O.O 
CD'YlR=C.O 
CCYlL=O.O 
CDY2R=O.O 
DDY2L=O.C 
FXlR=X~I 
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PX lL =XL I 
FX2R-=Xf;I 
P )< <:L =XLI 
Cl=xtr:;=o.o 
DP)ll=C.C 
CP)2R=C.C 
t:t=X2l=Oo0 
DDPXlR=O.C 
CCI=XlL=O.C 
CCI=X2F=O.O 
CDPXO:L=C.C 
ACPXIR=O.O 
ACI=Xll-=C.O 
.ADPXt:R=C.C 
~CFX2L-=O.O 

FHIX=C.O 
PHIZ=O.O 
Ct=~IX=O.O 

Dt=HI2=C.C 
CCPHIX=C.C 
CCFH I 2=0 .0 
P" lR = XR I 
PV 1L=XL I 
l=v2R=xr:;r 
P"2L=>cLI 
"CCYlR=O.O 
ADCYlL=O.O 
ADCY2R=C.C 
"CCY2L=O.O 
ADCI>=C.C 
A CCI Z=O .a 
'r01=0.0 
C'\'Cl=O.o 
CCYOl=O.O 
ADCYCl=O.O 
'\'02=c.c 
C CYO 2=0 .o 
DYC2=0.C 
AOCYC2=C.C 
YOl=(XLI+XRl)/2.0 
'tCc='rOl 
P~IXl=OaO 

Cl=t-IXl=O.O 
DOPXl=C.O 
"CCXl=O.O 
I=HIX2=0.Q 
DPt-1.><2=0.0 
CCFX2 = 0.0 
AOCX<: : C.C 
P t- 1 X 1= AT AN ( { >L 1- >R I ) ; \\ { 1 ) ) 
Ft-IX2 = P~IXl 
PH 12 1 = C • C 
t:Pt- 121=0 .o 
CCFZI = 0 .c 
ACCZ 1 = C • C 
Ft-122=0.0 
OPI-'122=0.0 
CDPZ2 = C.C 
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ADOZ c = 0 • C 

"' =·0 
t<CI\VEf; = 0 

BETA= l.C I t.C 

I-T2 = 2.0 * 1-
r.C2 = C.5 * H 
t-E2 = 1- >t H 

rrc2 = o.s • ~ ~ r 
Gf<A\1 = :!Efe4 

C SET UF ~AI\~E CVE~ WHICI- RE~PON~E IS TO BE ST~OIEO. 

lll~E = TLII\I /h 
ISlOP = ITIME•l 
1\ITIIVE=l 

cEC CALL CLA~S 1 
49C CONTINuE 

-,FITE{€:,99999) 

SSSSS FO~MAT(lHl) 
f;ETURN 

El\0 
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c 

c 

c 

c 

c 

c 

SUBRCUTI~E CLASS! 
CC~MC~/fl211 PX1R,F~1L,FX2RePX2L,CPXlR,DPX1LeDFX2R,OPX2L, 

1 DDFX1R,CCFX1L.CCF~2ReCCFX2L,flCPX1R,flCFXlL.~CPX2F.~OPX2L, IENo
CC~MON/~Z~/PKlR,PKlL,PK2ReFK2L,CF1R.CF1L,CP2R,CF2L,FVWT1R, 

1 FVwTIL,P~WT2ReFVWT2l 

COIVMCN /AZ4/ PI<R(2) ,FKL(2) eCFF(2),CPL(2),FVWTF(2 ),PVWTL(2) 
COIVMON/SETl/TVR( ~7!50l.TVL( ::7!5Clei77eAX\1!1R(5) eAXWll{5) 9 Xl(5) • 

1 ITilLE(16),IClftSS(8),~CF{5),W(5),AXAWT(5),VL(5,2),VR(5,2) 

COMMCN / SET2 I IEXCIT,IUNIT.~.NAXL,ITIIVE 

l.V,SFACEL,SFACER,WLL,WLFelFFEC,EMO,BM1R,EM1LeEM2R,BM2L, 
2 EIX,BIZ,STIZeVFPS .~.KC~VEF,EETA,HT2,H02,HE 
32.rHC2,GRtV,ISTCP,NITIIVE,KR,XXl,XX2,XX2,XX4,XX5,X12,Xl3.X14eX15, 
4FHIX l,OJ:HI Xl.CCP>cl .~CCXI ,Ft-IX2 ,CFHIX2, CCPX2, ACCX2,Pr1Zl, 
5CPriZl,COPZl,AOOZ1,!=HIZ2eOFHIZ2,DDPZ2,~CCZ2.YOl,C)01 

CC~MC~ I SEF2 I CCYOleftCCYOl.Y02,DY02eCCY02,ACDYC2,JRL,AeXCleXC2, 
lXTR2,)ClRT,)1R23,XTR45,EIZl,EI22,EIXl,EIX2,ETI2leETIZ2,EMOle8M02e 
2NREAC,XTR~,XC2:: 

CC~IVC~ISET3/YC,CYO,DCYO,ACCYO,YlR,OYlR,OCY1R,ADDY1R,YlLeDY1L,DDYll 
l,ACD~lL,Y2R,0~2R.OCY2R,AC0~2R,~2LeDY2L,OOY2L,ACOY2L 

CCIVMC~/SET4/Ft-IX,CPriX,CCF~JX.~DOIXePHI2,CPHIZeOCFriZ.ACOIZ, 
lTt-TZR,CT~TZR,COTZR,AOOZReTHlZL,DTHTZL,DDTZL,ACDZL.FVlR,PVl 
2L,FV2Fiei=\12L, CLOlOL, IOL'TtTLIM 

CCf.IMCN /SETS/ KSTEPeiD(!:),I2,><LI,XRI 

CO~MC~/SETEIA)<AwTle~XA~T2,A)<~ll,AX~T2,BCDTCT,EODWT1,800WT2,CS1L, 
*CS2LtCS1ReCS2~.CT1L,CT2LeCTtR,CT2R,SK1L,SK2L,SKtR,SK2R,TKlL,TK2L 
CC~NC~/SEFEIT~1Fel~2R.~l.~2,X2tDSTL.~f.IFR,~IVPL,~8f; 9 NEL 

CC~f.IC~ I ~.I!~E / ~~,6r.'E(20 ltVMPr.XPRT,YPRT,BRLGTH,CSTR,XFAKE( 15) ,NE 
COIVMO~ I O~RLft~ I ~CLASS,~F~I~F 

CCtJ~ONIAZ51CTR(5),CTL(!:),C5R(~),CSL(5),TKR(5),TKL(5),SKL(5),SKR(5) 
SE l I~FLT 

I= I< 1 R= F I< R ( 1 ) 
FK2R=FI<R {2) 
Fl<ll=FI<L(l) 
I= I< 2L=PKL ( 2 ) 
CFlR-=CFR{l) 
CF2R=C!=R(2) 
CP lL=CPL ( 1 ) 
CF2L=CFL {2} 
1=\I~TlR=PV~TR( t) 

PVwT2R=PVWTR(2) 
F\1\ITll=FV't.IL{l) 
I=VV.T 2L-=PV'hTL ( 2) 
EIV~V1R=I=VWT1RI3€fe4 

8~FV1L=Fv't.Tll13Ec.4 

EMFV~R=PV't.T2R/~Efe4 

ENFV2L=FV't.T2LI386.4 
SK lR=SKR( 1) 
SK 2R=SKR { 2) 
5K1L=SKL{l) 
SK4:L=SI<L(2) 
Tl<lR=TKR(l) 
11<2R-=Tt<Fi(2} 
lK lL=TKL ( 1 ) 
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TK~L=TKL(2) 

CSlf<-=CSj:;(l) 
C~2R=C~R(2) 

CS 1L-=C~L ( 1) 
CS2L~CSL(2) 

CTlR=ClR(l) 
CT2R=CTR{ 2) 
CTlL=CTL(l) 
CT 2L=C TL( 2) 

Wl =W { 1 ) 

\12=W(2) 
)< 1 2.::: )< 1 ( 2 ) 
J!XJ!wll=AXJ!wl(l) 
AXAIJ.12=AXAIAT< 2) 
AXIJ.Tl=AXWTL( 1) +AXWTR( 1) 

AXIAT2=AXwTL(2) +AX~Tj:;(2) 

C LOCATE THE CENTER CF GRAVIT~ CF THE VEHICLE BCDY 
ECCWTl = AXWTl • AXAIJ.Tl 
ECC\\12 - J!X~l2 • AXAwl2 
BODTOT = BDDwll + BCD\112 

X2 = ECCWTl * X12 /EODTOT 
X3 = X12 • X2 

XX1=X3 
XX2=X2 

C CALCULATE THE EOD~ MA~SE~ A~O ~ASS MC~E~T OF I~E~TIA 

E~O = ECCTCT I 3SE.4 
E,..lj:; = (c. 5) >t AXA\\Tl / 386.4 
B"'lL = BMlR 
E~2~ = ( 0 .5) >t AXJIWT2 / 386.4 
Bf.I2L = 8~2j:; 

BIX ={BMC * ( Wl*wl + ~2*W2 ) /24.Cl*XFAKE(10) 
Ell =(E,.,O * Xl2 * X12 / 12.0)>tXFAKE(9) 

C ~OW LET US PRI~T THE l~PLT CATJ! 
f\CLASS=l 
CALL II'DAF 

C OUTSIDE OF TIME ~TEP~ ~El THE FCLLOWI~G 
I= 1 
}IPJA~~A = C.C 
X,..JIYSM=C .c 
CC 190 I2=leiSTCF 
ICClJI\l=C 
CALL NATPRO 
IF(IE~C.I\EoO) FETlJ~I\ 

)2=XX1 
t-1 = M + 1 

FX1R=FXlR+~*CFX1R+~~C2>tCCPX1R 

PX1L=F>lL+H*DFXll+HHC2*DCFXlL 
PX2R=PX2R+~*DPX2R+HH02*DDPX2R 

FX2L=FX2L+H*CFX2L+~~C2*CCPX2L 

CPX1R=OPX1R+H*DDFX1R 
CFX1L=CFX1L+~*CCFX1L 

CF>2F=DFX2F+H*CCFX2F 
CPX2L=CPX2L+H>tDDPX2L 

YlR = YlR + H * CYlR 
YlL = Yll + H * DYlL 
Y2R ::: Y2R + H * DY2R 
Y2L = Y2L + H * CY2L 
'l'C ·- 'l'C + H * C'\'0 
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+ HHC2 * 
+ HH02 * + rHo2 * + HH02 * 

DDYlR 
CCYlL 
COY2R 
CCY2L 
CCYO 



lfO 

Phi X = PHIX + H * OPt-' IX + HHC2 * COPt- IX 
Pt-IZ = PHIZ + H * DPt-IZ + HH02 * DDPHIZ 
CYlf; = CYlf< + t- :+ CCYl~ 

D '1'1 L = DYll + H * CCYlL 
CV2f' = CY2f< + t- .. CO't::R 
DY2L = CY2L + H * CCY2L 
D 'rC = D'tC + H * OD'tC 

CFt-IX = OFt- IX ... t- ,. CCPHIX 
CPt-IZ = CFt-IZ + H .. CCFHIZ 
ClR = YC - (\\l/2aC) * PH 1 )( - )(3 *PHIZ 
Cll = YO ... (Wl/2a0) :+ PI-' IX - x:; *PHIZ 
02R = YO - (\\2/2aC) * Phi X ... X2 * Pt-'IZ 
C2L = YC + (W2/2aC} * Pt-'IX + )<2 *PHIZ 
CCl~ =CYO • (~1/2.0) >t CPHIX • X3 *DPt-IZ 
DOlL =D'rC + (~112.0) * DPHIX • X3 *DPHIZ' 
CC2R =CYO • (\\2/2a0) :+ DPHIX + X2 * OPHIZ 
CC2L = CYC + (~2/2e0l>tCPHIX + X2 * DFt-IZ 

IF{ ICOLNT.EQ.20) KONVER=1 
ICCUI\1= ICCLI\TH 

C CALCLLATE DYI\A~IC FCRCE Cl\ THE P~VE~EI\T 

CYPV 1 R=CP 1 R H ( VR ( 1• I+ 1 )•P V 1 R) /H T 2•0P >< 1 R) +P K 1 R * ( VR ( 1 , I) •PX 1 R) 
CY F V 1 L =C F 1 L * ( ( V L ( 1 , I+ 1 ) • FV lL) / t-T 2• CP X 1 L) +PK 1 L H VL ( 1. I )•PX lL) 
C'tPV2R=CP2R*((VR(2,I+l)•F~2F)/t-l2•CPX2R)+PK2R*{V~(2,I)•PX2R) 

CYFV2L=CF2L*((VL(2,lil)•PV2L)/t-l2•DP><2L)+PK2L*(VL(2.I)•PX2L) 
C CALCLL~lE CYI\~~IC FC~CES Cl\ Tt-E TIRE 

CYF1R=CTlR*(DP>lR•DY1R) +TK1R*(FXlR•YlF) 
CYF1L=CT1L*(CFX1L•CY1L) +TK1L*(PX1L•Y1L) 
DYF2R=Cl2R*(0F)2R•DY2R) +TK2F*<FX2R•Y2F) 
CYF2L=CT2L*(CPX2L•DY2L) +TK2L*(P><2L-Y2L) 

TOF1f' = CYFlf< + ~XWlf<(l) 

TDF1L = OYFlL + .AX\\1L(l) 
TCF2R = CYF2R + .AXWTR(2l 
TCF2L = CYF2L + ~XY.TL(2) 

IF( lCFlR .L T • 0 ) DYFlR =•AX'tilR(1) 
I F ( TCF1L .L T • 0 CYFlL =• .AXWTL ( 1) 
IF( lDF2R .LT. c ) DYF2r:: =•JiXWTR(2) 
IF( TCF<:L eLTa C OYF<:L =•AX'W1L(2) 

( ICCELE~ATIC~ ESTI~JTES Ff'C~ DIFFERENTIAL EQUATION~ OF MOTION 

1 
2 
3 
4 

OD'tlR = ( SKlR*(Dl~•Ylf') + CS1~*(CC1R•DY1R)+CYF1R)/8Ml~ 
CCYlL = 
CDY2R = 
DDY2L = 
CCFt-IX 

CCPHIZ=(X3 

( 

( 

=< 

SKlL*(ClL·~lL) + C~lL*(D01L•DY1L)+O'rFlL)/8~1L 
SK2R*(C2~•Y2~) + CS2R*(CC2R-DY2R)+CYF2R)/EM2R 
SK2L*(D2L•Y2L) + CS2L*!DD2L•DY2L)+C~F2L)/EM2L 
(Wl/2.0) * SKlR >t( DlR•YlR)•(Wl/2aCl*~KlL*(DlL-YlL) 

+(~2/2e0) * S~2~ * (C2R•Y2R)•(W2/2a0l*SK2L*(02L•Y2L) 
+(~l/2.0)>tCS1R*{OC1R•DY1R)•(~1/2.C)*CS1L*(C01L•OYlL) 

•<W2/2e0)~CS2F*(CC2R•CY2R)•(W2/2e0)>tCS2L*(002L-DY2L) 

) /81)( 
*SK1R*{DlR•Y1R)+><2 *SKlL*(D1L•YlL)•X2*SK2R*{D2R•Y2R 

1 )•X2*SK2L*(C2L•Y2L)+X3 *CS1R*(CC1R-DY1R)+X3 *CSlL*(DDlL 
2 -DY1L)•:X2*C~2R*(D02R•D~2R)-X2*C~2L*{002L•CY2L))/EIZ 

CCYO =(•SKlR*(D1R•~lR) • SKlL*(DlL•YlL}- SK2R*(D2R•Y2R) 
1 •SK2L*{C2L•'t2L) • CS1R*(DC1R•CY1R)•CS1L*(CC1L-DV1L) 
2 -C~2R*(D02R•DY2R) - CS2L*(DD2L•DY2L) ) / 8MO 

< C~LCLLJTE JC<ELERflTIC~ CF SCIL MflSSES 
DDPXlR:(OYFVlR•OvFlR)/E~FVlF 

CCPXlL=(CYPVlL•DYFlLl/EMPVlL 
COFX2f'=(DYFV2R•CYF2R)/E~FV2F 

COFX2L=(D'I'FV2L•O)F2L)/8MP~2L 
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c ** CI-'ECI< FCR CCI'\\tERGEI'CE 
( 

IF J! ES { .ACCYlJ:; - CCYlJ:; ) • GT • CLCTOL GO TO 170 
IF .AES( ADC'YlL - OC'vll ) .G T • CLCTCL GC TC 170 
IF J! ES { .ACCY2R - CC'1'2R .GT • CLOTCL GO lC 1 7 0 
IF i{ J!ES( .ACC'Y2L - CC'1'2L • GT • CLCTCL GO TO 170 
IF AES{ ADD'rC - DD'I'C .Gr. CLCTCL } GO lC 170 
IF ( JESUCCIX - CCFI-IX ) eGT • CLOlOL ) GO TO 170 
IF ( ..AES(ACDIZ - DCPHI:Z ) eGT • CLCTCL ) GC TC 170 c 

c 

CrECI< FOR CONVERGE!'-iCE CF ACCELERATION OF !:OIL 
IF(AES(.ACFXlR•CCFXl~).,T.CLCTCL) GO TO 170 
IF(ABS(.ADPXlL•OOPXlL).GT. CLOTCL) GO TO 170 
IF(.AES{.ACFX2R•CCFX2R).(T.CLOTOL) GO TO 170 
IF{A8!:(J!CFX2L•CCFX2L).(T.CLCTCL) GC TC 170 

KCNVER = 1 

~A!:~ 

C ** RE\I~E E~li~AlE!: 
( 

17C CYl R = CYlR + t-C2 * .( CDVlR - .ACCVlR 
0 'r lL = DYlL + H02 * ( DDYl L - ADOYlL 
CY2R = CY2R + 1-:02 ,. ( CDY2R - ADDY2R 
C'r2L = C'f2L + HC2 ,. CCY2L - .ACCY2L } 

C'\'C = D't'C + H02 * { DDYO - ADD YO ) 
CFI-IX = CFt-IX + t-C2 .,. ( CCPI-IX - ADCIX) 
DPHIZ = DFHIZ + HC2 * ( DDPt-12 - .ADDIZ) 
Y lR = YlR + BETA * HE<: * ( DD'I'lR - AODYlR 
YlL = Yll + E ET .A * 1-:E2 * ( CCYlL - ACDYlL 
'f<:R = Y2R + BETA * HE2 * ( DDY2R - ACDY2J:; 
Y2L = Y2L + E ETA ,. t-E<: * ( DDY2L - ADDY2L 
'rC = 'fC + EETA * t-E2 * ( CDYO - ACDYO 
PI-IX = PHIX+BETA>tHE2* ( DDPHIX - ADDIX ) 

FI-IZ = FI-ll + 8ETJ!>ti-'E2>t (CCPt-IZ - ADCIZ } 
C RE\I~E E~ll~AlES 

CPX1R=CPX1R+I-02>t{ODPX1R•ADPX1R) 
CPXll=DFX1L+HC2*(CCFX1L•.ACFXlL) 
CPX2R=DPX2R+HC2*(00FX2F•.ACFX2R) 
CFX2L=CFX2L+t-C2>t{CCPX2L•ACPX2L) 
FX1R=FX1R+EETJ*I-E2*(DCFX1R•.ACPX1R) 
PX1L=PX1L+EETA>ti-'E2>t(DDFX1L•AOPX1L) 
FX2R=FX2R+EETt*~E2>t{DCFX2R•~CFX2R) 

F)cL=PX2L+8ET~*HE2*(DDFX2L•J!DFX2L) 
tCFX lR=DCPX lR 
~DFXlL-=DDFXll 

ADPX£R=ODP>2R 
tCFX2L=CCPX2L 
..AOCY lR=DC't'lR 
ADCYlL=CDYlL 
tCCY2~=CCY2R 

.ADCY2L=DD'I'2L 

.ACCYC=CC'I'C 
J!CCIX = CCFI-IX 
ADCIZ = DDFHIZ 

IF( l<ONVER .1\E. 1 ) GO TO lCO 

KCI'VE~ = 0 
IF{M.~E.IFREQ) GO 10 lcC 
TI~E=I2>+1-i 

CISl = lilliE * 'v 
TCflR = O'l'FlR + AX\\lR( 1) 
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TDFlL = DYFlL + AX~lL(l) 
TCF2R = CYF2R + ~XWTR{2) 

TCF2L = D~F2L + AXW1L{2) 
M = 0 

>1 {1 l=O .o 
C ~A'S MElE~ SI~LL-lCR 

~MPYS = O.~*{Y2R • ~2L • C2R - D2L ) 
~BSM~Y=ABS(XN~YS·X~-YS~) 

)MAYSA=~NA~SA+AES~A' 

X t< ~y S tl =X t-' ~ Y S 

175 ~~ITE(E.l2~l 

1 
TI"E.CIST.V~(l.J),VL(l.I).VR(2.I),VL{2.I).TDF1R. 

1DF1L.lCF2R.lOF2L,XMAYSA ,ICCL~T 

125 FCFMPT {Fl0.3.F8.0,2X,4F8.3.2F€.0,2F9.0, 12X.G12.4.Il5) 
lcC F\dR=\R(l.U 

PV1L=VL(1.1) 
Fv2~=V~ (2, I) 

P\2L=VL( 2 .I) 
l9C CONTINLE 

~ETLRt\ 

El\0 
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CO~MC~/AZl/ P><lR,FXlL.~X2~tFX2L,CPXl~.CFXlL,CFX2~.CPX2L, 
1 CCPX1R,OCPX1L,ODPX2R,OOP~2L,~OPX1RoACPX1L,ADPX2R,ADPX2LtiE~D 

C C tv M C f\ /SET 1 / T 'v ~ ( 3 7 50 ) , TV l { 3 7 50 ) , I 7 7, A X \'1 T R { 5 ) , A X 'to' 1 L ( 5 ) , X 1 ( 5 ) , 
1 I1I1LE( lt:l.ICLASS( E) ti'DF(~) .~ (5) oAXAW1(5) oVL(5,2 ),VR(5,2) 

CCI'<MCI\ / SET2 / IEXCIT , IUNI1,t-,NAXL,I1IfJE 
lo'voSFACEL,SFACER,W~L.~L~oiF~EC.EMO,BtvlR,efJIL,BM2~,EfJ2L, 
2 BlX.BlZ.BTIZ,'vFPS ,N,KCI\VEF,EET~,HT2,H02,HE 
32.t-HC2,(~AV, lSTCF,NITIME,KR,XXl,XX2oXX3,XX4,XX5,)12.Xt3,Xl4,Xl5

9 
4PHIXl,OFHIXl oDDF><l oADDXl,FHIX2.,CFHIX2,CCFX2, ACDX2,Pt-IZ1, 
~CPt-I21,CDPZl,AOOZl,PHIZ2,DFH1Z~,ODPZ2,ACCZ2oYOl,C~Ol 
CC~NCI\ / SEF2 / CCYOl,~CCYOloYC2oCY02,CCY02oADDYC2,TRL,A,XCl,XC2, 
l~lR2oXTRT,)TR23,)<1R45,EI2l,EI~2,EIXl,EIX2oETI21oETIZ2,ENOl,BM02, 
21\REAC,XTR3,XC2:: 

CC,.MCI\/SET3/YO,DYO,CCVO,ACCYO,YlR,DYlR,CCYlR,AODY1R,YlL,OY1L,ODYlL 
ltAOD~lLoY2R,Q)2RtODY2R,ADDY2R,Y2L,DY2L,DDY2L,ACDY2L 
CCNMC~ / SET4 / Pt-IX,OPHIX,CDPHIX,ADDIX oPHIZ,OPHIZ,DOPHIZ, 

* 
* 
* 

D1HTZL,DDTZL,ADDZL,FV1R,PV1L.F\2R,PV2L, 

COMMCN / SET~ / KSTEf,IC(5), I2,XLI,XRI 
CLOTCL,IOUToTLI~ 

CONMC~/SET6/AXAWTloAXAWT2oAXWTl,AXWT2,BODTOT,BOD~ll,BCDWT2,CS1L, 
*CS2L,CS1~tCS2R,CTlL.CT2L,CT1RtCT2R,SK1L,SK2L,SK1RtSK2R,TKlL,TK2L 
COMMON/SEPt/TKlR,TK2R,~l.~2,X2,DSTL,A~~R,A~PL,~B~,~EL 

* 
CC~MC~ / ~~ME / NNA~E(20),V~P~,XPRT,YPRT,BRLGlh.,OSTR,XFAKE(15), 

1\E~C 

IF { 12. NE • 1 ) GO lC 1!:4E 
JREC=l 
JP 1=KSTEP 
REYdND 2 
~E~D(2) {l'vR(~X),TVL(~X),~X=l,750) 

lf4E JPl=JPT+KSTEP 
CC 138 L-=1,2 
~O~(L)=~D~~L)+KSTE~ 

ICEL=NCP(L) 
IF(1CEL)130,130,140 

14C JF(ICEL-37!:Ct143,143,142 
142 IC EL= ICEL- 3750 

GC TC 140 
14~ vR(L,l):VR(L,2) 

'vl (L tl t =VL {L • 2) 
\iR{L,2)=T\IR{ ICEL) 
VL (L, 2 )= T 'vL ( I C EL ) 
C:C TC 133 

1::;c \iR(L,l)=XRI 
VL (L,l )=XL I 
\iR (L .2) =X~ 1 
\L ( L • 2 ) =XL I 

133 1F(L.~E.1l GC TC 13E 
IF(J~T-750)138,135,135 

13!: JREC=.JREC+l 
IF(JRE<•6)137,136,137 

13t ..JREC=l 
137 MX1=(JREC-1)*75C+l 

1 I\'X2=JREC*750 
REA0(2, Ef\D=lOOC 
(0 TO 100 1 

lOOC IEI\0=2 
FETUR~ 

lCCl CO~TII\LE 

.JP T= 0 
13E CCI\Tli\LE 

RETURI\ 
EN C 
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F~~CliCN FBU~P{I~) 

CO~MON I AZ7 I XDIST.O~PACE 

CC~MC~ / ~ft~E I ~~-~E(20),V~F~.XPRT,YPRT,BRLGTH,CSTR,XFAKE(l5J,NE 
FBLMP=C.C 
TFCXF~KE(cJ.EG.O} ~ETU~N 

IF(XFAKE(3).LE.C.Cl~ETL~N 

IF(XFAKE{4).EG.C.C)RE1LRN 
CISTE=IX*DSI=f.CE 
IF ( CISTE.LT. ~F~KE(3)•XFftKE(11} )RETUR~ 
CISTL=XFAKE{2)+{~FAKE(4)-l.C)*)FAKE{7)+XFAKE{c) 
IF ( CISTE.GT.CISTL) RETUR~ 
t\BLMI=S=~FAI<E( 4) 

C XFftKE{l)=AXLENUM 
C XFAKE(2)=5T~O~i= 

C >FAKE(2)=51RB~i= 

C XFf.KE(4)=NUMBMPS 
C XFAKE{5)=E~PHT 

C XFAKE{c)=BMPWOT 
C XFtKE(7)=E~I=SI=A 

DC 1 C JK=l ,r..e~..;~PS 
CI5TL=XFAKE(2)+{JK•l)*>FAKE{7) 
CIST2=CISTL+XFAKE(6) 
IF{Ol518.GE.OISTL.ftND.CISTE.LE.CIST2l 

1 FEUMP=(XFAKE(5)*SIN(6.2E~1E*(OISTB-DISTL)/(DIST2-DISTL})) 
10 CCI\TI~~E 

RETURN 
EI\C 
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FL~CliC~ )EU~F(l)) 

CO~MGN /AZ~/Al.,A2.,81.,82.,Cl.,C2.,Cl,.D2~Tt9T2.,EE 
1 .~LC~CS,S~l.,SM2,E~l.,E~2,C~l.Cr2.,TH1.,Tr2,0Hl.,OH2 

CO~MC~ / A27 / XCI~l.,O~FACE 

XEUMP=C .o 
IF(~LCFCSaECeO) ~ETURN 

>I !:TB=I X*D!:PACE 
JF(XISTB.LE.Al) RETURN 
:XXl=.Al 
) )I ::= ) )< 1 +8 1 
X X 3= X X 2 + C 1 
XX4=XX3+Tl 
)c)(!:=)()( 4 +0 1 

XX6=XX5+EE 
>>7=))(€+02 
X X E= X X 7 -+ T 2 
XX<;=XX8+C2 
>>10=><><;+82 
IFCXISTB.~E.XXleANO.XIST8.LE.X>2)XBUMP=SMl+BH1/Bl*(XISTB-XX1) 
IFCXISTE.GT.XX2eP~C.XISTE.LEeXX3)XEUMP=SMl+Brl•Crl 
IF(XISlB.GT.XX3e.A~D.XI~TB.LE.>>4)X8UNP=S~l+Brl+Trl 

IF(XISTE.GT.XX4e.A~C.XISTB.LE.>)=)XBUNP=S~l+BH1-DH1 
IF(XISTB.Gl.X>5.t~C.XISTE.LE.XX6)XEU~P=S~1+8Hl 

IF(XISTB.~T.XXc.AND.XISTB.LE.X>7)XBU~P=SNl+BHl-DH2 
lF(XlSTE.GT.XX7 • .ANO.XIST8eLE.XX8)XBU~P=SM1+8Hl+TH;: 
IF(XIS1B.GleX)8eA~D.XISTB.LEeXX9)XBUNP=S~l+Erl•Cr2 
IF(XISTE.GT.XX9.ANO.XISTB.LE.X>1C)XBU~P=SM1+Brl-EH2/B2*(XISTB-XX9) 
lF{XISTB.GT.XX10)XEU~P=S~liErl•(EH2+SM2) 
RElURt\ 
ENC 
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c 

c 

( 

SUERCUT l"E INCPP 
cc~~c~ 1~2~1 "~c~cr.,..~c~cF 

CO~MCN/AZl/ P~1R,P~lL,PX2R,PX2L,OPXlR,D~XlL,OFX2~oOFX2Lo 
1 CDFXl~oOCPX1LoCCFX2~tOOFX2LotCPXlR,PCPX1LoADPX2R,AOPX2LoiEND 
CO~MON /AZ2/AloA2,81,82,Cl,C2,Cl,C2,T1 oT2oEE 

1 •"LCRCS,SMloSM2,BhloBH2,CHl,Cr2oTHl,Tr2,DHl,DH2 
CC~~C,../AZ3/FKl~oFK1LoFK2FoFK2LoCP1RoCP1LoCP2R,CP2LoPVWTlR, 

1 FVwT1LoPv"T2RoFv~l2L 

CC~MC" / t27 / XCIST,OSPACE 
CC~~C,../SETl/Tv~(3750JoTVL(3750),I77,AXWT~(5},AXWTL(S),Xl(5), 

1 ITITLE(lf),ICLA55(E),NDP{~),~{5),AXA~T{5~,VL{5,2J,VR(5,2} 

CO~MCN / 5E12 1 IEXCIT oiL"lToro,..AXL,ITI~E 

loVoSPACEL,SPACER,~LLowLR,IFREG,B~O.BM1~.8MlL,EM2R,8~2Lo 

2 EIXoEI2oETI2oVFPS ,M,KONVER,~ETA,HT2oh02oHE 
22,HHC2,GRAv,I51CF,,..ITI~E,K~,XXl,XX2,XX3,XX4oXX5oX12,Xl3oX14,X15, 
4FrlXl,CPHIXloCCPXloflOCXl,PriX2oDPHIX2,DDPX2oADDX2,PHIZ1, 
50PHI2l,CCF21oACCZloFrl22,CFHIZ2,CCPZ2,ACCZ2,YOl,CY01 

COMMON/ SEP2 / DDYCloADO,CloYC2oDY02,DDY02oADOY02,TRL,A,XCloXC2, 
1XT~2oXTRT,XTR23,XTR45,EI21,EI22,BIXloBIX2oBTIZloBTIZ2oBMOloBM02, 
2"READ,XlR3oXC23 

CC~~CN/SET3/YOoCYOoDDYO,ACCYOoY1Ro0YlR,OCYlR,AODY1RtY1L,DYlL,DDYlL 
loADD,lL,Y2R,0~2R,OOY2R,ADDY2~.~2LoOY2L,CCY2L.~ODY2L 

CC~f'JC" / SET4 
lTHTZRoOTHTZR,OOTZRoADDZR,TrlZL,DTHTZL,ODTZL,ACDZLoFVlR,PVl 
2LoFV2R,PV2Lo CLOl"CLoiCI.JTolLIM 
CC~f'JCN / 5ET5 / KSlEFtlC(5), I2,XLI,XRI 
COMMON/SET€/A)A~Tl,A~A~T2,A)~lloAXwl2,ECDTOT,8CDwTl,BCOWT2,CS1L, 

*CS2LoCS1R,(S2RtCT1LtCT2LoCTlR,CT2R,SK1L,SK2L,SK1R,SK2RoTK1LoTK2L 
CDtJMON/SEPt/lKlR,1"~2R,Mlo~2.X2,DSTL,A~FR,AtJPL,NBR,NEL 

CO~MCN / NAtJE / NNAME(2C),Vf'JPH,XPRT,~PRT,BRLGTH,OSTR,XFAKE(l5} • 
* "ENC 
CC~MCN / CvRL~' / ~CL~~S.~FRitJR 

CC~MC,../CL~S55/ACC1L,~DC1R,ACD2L,ADD2R,800Tl,BCDT2,BCDlloBOD12. 
*ECDl~.ECC2E,EOC245,CE,CCoCCE,CCC,DCTIL,CCZlR,(CZ2L,COZ2R,001Lo 
*CCIR,CC2L,C02R 
CC~~C,../CLAS65/CIST,CIST77,CTrlL,DTHlR,CTr2L,DTH2RoD,FlL,O~FlR, 
~D~F2L,D~F2R,OlL,ClR,02L,D2R 

CC~MCN/CLAS75/SK,TOF1L,l"OFlR,lCFZL,TDF2R,THE1LoTHE1RoTHE2L, 
*1HE2R,XC3,XTR4,XT~5,X2~.X34,X45 

C C N M CN /A Z 5 /C T ~ ( 5) , C TL ( ~) , C 5 R ( 5 ) ,C SL ( 5) , T I<R { 5) 1 T KL ( 5) ,. S KL ( 5 ~ , SK R ( 5 ) 
C1,.Ef\S lCI\ E,_.{5),EL(~) 

IF(NRCRCI.EG.C.ti\(."RC~CF.EC.Ol GO TO 1122 
WRITE{e,5) DSFACE ,NRCROI,NRCRDF 

5 FC~MAT(lOX,•PRCFILCMETER DATA SPACING= 1 ,F5.~o//, • 
!RECORD NO.:• ,!5o//,• E"C RECCFC "C•='• 15,//} 

<:0 TO 1133 
1122 ~FITE(c,15) CSFACE 
te FORMAT(lOX,• DATA SFACI,..G= •,F5e3o//) 
1133 CCI\T l"UE 

IT ITLE , ICLPSS 

STARTING 

llC FORMAT(/,4EXo 1 MAlHEMATICAL tJCOEL OF •oviNG VEHICLE 1 ,///~16A4, 
1 //, ' A. VEr!CLE CLASSIFICATION- •, €A4,//o 
2 • e. VEriCLE CrARPCTERISTICS •, ///, 
2 lCX,'l• MAIN 80D\' 1 ,.:35)1,•(LB-SEC 2/I"l'ollX, 
4 'TREJ!C 'iiiCTr (INP.llX,•AXLE SPACING {IN)') 
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W~ITE(6,120) EMOewl,X12eEIZ,w<:,BIX 
12C FORMAT(l!::X, 1 1. BCC't ~A~~ (EfvO ) 1 ,24X,•=•,<:10.3.13X, 1 4. W1 = '• 

1 F6.t,<;;x.,' 6. >12 = •,F6.t,/, 
2 15X,•2. ECCY ~ASS MC~. CF INERTIA•PITCr•(BIZ ) =',G10.3,12X, 

c: -· 
4 15X,'2• ECCY MASS MOM. OF INERTIA•RCLL -(BI~) =' ,G 1 0 • 3, I) 

GC TC 2010 
201C CONTINUE 

\\J;ITE(6,170l 
17C FC~M~T{//,10X,•II. AXLES I~FUT',/, 

1 A )<L E I • 1 0 X , • s T A 1 I c ~ T • • '1 c )< • • ~A s s t , 1 0 X • 

2 'SLSP. STIF.•,gx, 1 SUSF. CtMP. 1 ,9X, 1 TIRE STIF.•,tcx, 
- 'TIRE DAtv'P.•,/, 1 I'C. •,tQX,• (LE.l 1 ,9X, 
4 '{LE-SEC 2/ll'l)•,ex,.• (LB/IN) ',1CX,•{LB/IN/SEC}',10X, 
5 I (LE/Itd •.9X,'{LE/I~/SECP 

EM( 1 )=BMlR 
E,..(2)=EN2R 
EL{l)-=E,..1L 
EL (2 )=EM2L 
CC 2020 I = 1 , 2 
lil R IT E ( t , 1 E C ) I , A X 'A 1 F< ( I) , E tv ( I ) , S K F< { I ) , C SF< ( I ) , T K R ( 1 ) , CT R ( I ) ., I, 

1 ~XwTL{ I) ,EL( I ),SKL( I ),CSL( I) ,TKL( I) ,CTL( I) 
tee FC~IVAT(I4.,• F<IGHT 1 ,6(lOX,G10e3l./,I4,• LEFT •,6( 10X,G10.3)) 

202C COI\TINLE 
WJ;ITE{6,190) CLCTCL, IE:><Cll ,.r,IFREQ,TLIM,IOUT 

l~C FC~MAT(//,• C. CCI'TJ;CL II'FUT 1 e//, 
1 1CX,'I• INTEGRATION PARAIVETERS ',25X, 1 IIe CPTIONS 1 ,/, 

2 15X,'1• TOLERANCE = •,G10.~,23X,•t. E:><CITATION TYPE 
3 ,J5,/,15X,'2• TifvE I~CRE~EI\T = 1 tGl0.3,23X, 
4 '2• CUTPUT INTERVAL'~IE,/,15X,'2• TIME LI~Il = ', 
5 Gl0.3,23X, 1 3. t=LCT CFTICN 1 ,15) 
~RITE(€,20C) V~FH,OSTF,SFPCE~ 

20C FC~MtT(///, 1 C. VPRI~ELE SPEED AND ROADWAY I~t=UT 1 ,///, 

1 10><,•I. SPEEC '•21Xo 1 II. EXCITATICI\ PARAMETEF<S 1 ,/, 

<: l=X,'1• •,GlC.3, 1 NPH •,9X, 
3 I 1 e CIST.TC FIRST EXC.RI~HT = 1 tGl0.3,5X, 
4 •E. RIGHl ELr.P SFACII'G=• ,Fl0.3) 
WRITE(c,210) VFPS,DSTL,S~ACEL,V,WLR,NERtWLL,~BL 

210 FC~MAT(l5Xt 1 2• •,GI0.3,• FT/SEC 1 .,9X, 
1 1 2. DIS1.1C FIF<S1 EXC. LEFT = 'oGl0.3,5X, 
2 '6• LEFT EUMP SPACING=•,Ft0.3,/,lEX, 
3 • :! • I .G1C.3o 1 !~/SEC' ,gx, 
4 . :; . RIGHT BuMPS IAA\IELENGTH = • ,Gl0.3,5X, 
5 •7. ~UMEEF< OF RI<::rT EUM.PS=•,I1Q,/,4cX, 
e: • 4. LEFT BLNFS WA'VELEI'GTt- = '.~t0.3o5X, 
7 'E • NLMEER DF LEFT 8UMPS: 1 ,Il0) 
~F<ITE(6o1616) FKl~tFKtL,FK2F<,FK2L,CPlR,CP1L,CP2R,CP2L, 

1 PVIATlR,P\IlATlL,F\IlAT2R,F'VlAT2L 
1616 FC~Iv'AT (///,lOX, •PKlR=•,FE • .<:,;;:)<, 1 PK1L=' ,FE.2,2:X, 1 FI<2R= 1 ,Fe.2,2X, 

1 1 PK2L=',FS.2,//,. 10X, 1 CF1R=•,F5.2t2X,•CP1L='•F5.2,2X,•CP2R= 1 • 

2 F5.2,2X, 'CP2L=',F5.2,//olOX,'P\IViTlR=• ,F8.2,2X, 1 FVWT1L=' ,F8.2, 
3 2X., 'FVWT2R= 1 ,F8.2,2X,'PVIAT2L='•Fe.2,///) 

IF {1\LCROS.EQ.C) GC TC 2021 
WR1TE(t;,3)Al,A2,E1,82,Cl,C2,Dl,02,Tl,T2,EE 

3 F c F< M p T ( 1 X • f A 1 = I • F 1 0 • 2 • EX • I A 2 = •• F 1 0 • 2 • = X • • 8 1-= •• F 1 c • 2 t = X , • 8 2 = •• 
1 FlC.2,5X,'Ct=•,FtC.2,5X, 1 C2= 1 ,Fl0.2,5X,//,1Xt 1 Cl= 1 ,F10.2,5X, 
2 • D 2= •• F 1 0 • 2" =X •• T 1 = •• F 1 0 • 2 , = )< .. IT 2= I 'F 1 0 • 2 • 5 )( • IE E = •• F 1 0. 2 • 5 X' //) 
~RITE{6,4)S~l.S,.2,Erl,Er2,Cr1,Cr2,Tt-l,Tt-2,Drl,DH2 
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4 FC~M~T(lX,•S~l=•,F7.3,5X,•S~2=•,F7.3,5X,•BH1= 1 ,F7.3,5X.•BH2=•• 
1 F7.~,5X,/,lX,'CHl='•F7.3,5X,•C~2='•F7.3,5X,•T~l= 1 ,F7.3,5X,•TH2='• 
2 F7.3t5X, 'C~l= 1 ,F7.:3, !:X, 1 C~2= 1 ,F7.3o5><,///) 

2C21 IF ( XF~T • 1\E • 1 .o <:C TC 4010 
\\RITEU:,23C) 

230 FC~~-T(///,40X,•RESPONSE OF T~E MOVING VEHICLE') 
GO TO ~ClC 

301C COI\TINUE 
"~ ITE ce: .sao> 

ECC FORMAT(27),'E>CITATICI\S 1 ,30X.'TCT.AL CYI\~fiiC FORCES• • 8X, 1 MAYSMETE~ 
* REACING 1\C.CF•) 
~F=ITE(6,510) 

510 FORMAT{5X,•TI~E 

1 l•LT. 2•~T. 

2"' ) 
\liRITE{t,52C) 

520 FC~~PT(5X,•SEC. 

1 LB. LB. 
\liR ITE( c,53C) 

530 FC~MJT(4X,••••••• 

1- -----
JF(YPRT.I\E,l.O)GC 

GC TC 4010 
4ClC COI\TINt.;E 

f:ETU~I\ 

EI\C 

DIS 1. 
2•L T. 

IN • 
LE. 

---------
TO 2C21 

l•RT, l•LT. 2•RT. 2•LT • l•RT. 
FOR ROADWA't !TERATIC 

IN • IN • IN. IN. LB. 
I 1'\ I } 

·---- ----- ----- ----- ----------·) 
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