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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.
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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. Reyisions 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 1listing 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.



Summary

This report is a user's manual for a revised computer program DYMOL.
put formats, program 1isting 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
Tocations 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

In-

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 Toads over a surface due to moving vehicles. The original
program DYMOL was written to calculate dynamic Toads 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 geometrics, 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 Toads 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 calculate 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 f]exibi]ity‘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.



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
mode]l 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-
Towing 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);

Front axle translation in the vertical plane;

o1

Rear axle translation in the vertical plane;

6. Rolling of the front axle;

7. Rolling of the rear axle.
The Tast 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 additien 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-
Tate 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 actua]IMaysmeter runs on
any surface profile. Figure 4 shows a general flowchart of the revised computer

program DYMOL.



N teres Yt Y B 4
2 v o ée 0 Y.
T 'y LAY T ' ‘l., Ol LR AENDS M . LA W'y
el T et SOEE BA g Ty VI i Pl e e

FIGURE |— TWO AXLE VEHICLE USED IN COMPUTER
PROGRAM DYMOL (after Reference 1)
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m, =Mass of Vehicle Body K, = Suspension Stiffness
mo = Mass of Tire and 1/2 Axle C; = Suspension Damping Constant
m3 =Mass of Soil That Vibrates Kz = Tire Stiffness
in Phase With the Wheel C2 = Tire Damping Constant
y(t) = Excitation Kz = Soil Spring Constant

Cz = Soil Damping Constant

2(a) Origina! Simulation Model 2(b) Revised Simulation Model

FIGURE 2 — SIMULATION MODEL



Mass Differential

Degree of Freedom System Variables Eq. of Motion

1. Vertical Translation of the Main BMO YO 1%
body.

2. Rolling of the Main Body B1X PHIX 2

3. Pitching of the Main Body B1Z PHIZ 3

4. Vertical Translation of Front BMIR YIR 4
Right Wheel '

5. Vertical Translation of Front BMIL YIL 5
Left Wheel

6. Vertical Translation of Rear BM2R Y2R 6
Right Wheel

7. Vertical Translation of Rear BM2L Y2L 7
Left Wheel

8. Vertical Translation of Soil Mass BMPVIR PX1R 8

with Front Right Wheel

9. Vertical Translation of S6il Mass BMPV1L PX1L 9
with Front Left Wheel :

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

11. 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
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(Start)

Y

Read Vehicle and Roadway
Characteristics

!

Set up Range for Studying
Vehicle Response
Y

Select type of Roadway Profile
from among Natural, Artificial
and Typical Grade-crossing profiles

\

Print Summary Table of Vehicle and
Roadway Characteristics

Y

Solve Equations of Motion
and
Calculate Dynamic Forces

)

Calculate Maysmeter Readings
\

LErint Output|
1 4

Return for New Problem
Y
End

Fig. 4 General Flowchart of the Computer Program DYMOL



DESCRIPTION‘%OF SUBROUTINES AND FUNCTIONS



This program comprises of the main part, seven subroutines: CLASST,
DRIVER, INDAP, NATPRQO, 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 CLASST DRIVER FUNCTION FUNCTION INDAP NATPRO PRAVG READIN TAPEWR
FBUMP XBUMP

CLASS]  ==mmmmmmmmmmmen S
DRIVER = =Xommmmmmmm o o o o o o oo oo o oo e oo e

FUNCTION == o - oo mm e e e o e oo (R —
FBUMP

FUNCTION === oo mmm oo oo o e o e e oo e e (O
XBUMP

INDAP  —mmmmmmme- S
NATPRO  ==mmmmmmmm K= mmm e e
Y S
READIN = =Kemmmm o mmmmmmm oo mm o mmmm o mm o e -
TAPEWR = =Xemmmmmmmm cmmmmmmmmem S mmm m e S m e e e

TABLE 2: SUBPROGRAM AND MAIN CROSS-REFERENCE TABLE
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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 "Input Description".

Subroutine PRAVG

In this subroutine, natural profiles are read from tape no. 1, which is
already written in subroutine TAPEWR. Then these values are averaged to calculate
the wheel path excitation. The contact Tength 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.

11



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 CLASST 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 CLASST to calculate dynamic Toads

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 CLASSI

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 ISTOP, covering the whole
time 1imit for running the model, incremented by each time step. Subroutine
NATPRO is called within the do-1oop on each time step to read its corresponding
values of wheelpath excitations from the tape. A detailed description of
calculations of dynamic Toads 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 Column Program
No. No. Variable Units Remarks
1 1-10 BMPWDT inch Leave blank when natural profile
' or grade-crossing profile is used.

11-20 NREC Integer number, leave blank when
natural profile or grade-crossing
profile is used.

21-30 DSPACE inch

31-40 NLCROS Integer number, input any positive
integer such as 1 if grade-
crossing profile is used. Other-
wise use 0 or leave blank.

41-50 NRCRDI Integer number, this is the record
number of the profile from which
the data input starts. If all
records are used in the input,
use NRCRDI = 1.

51-60 NRCRDF 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.

(If NLCROS = 0, omit this card set)
2nd set
(1) 1-10 Al inch

11-20 A2 "

21-30 Bl “

31-40 B2 "

41-50 C1 "

51-60 c2 "

61-70 D1 "

71-80 D2 "



Card Column Program
No. No. Variable Units Remarks
(If NLCROS = 0, omit this card set)
2nd set
(i1) 1-10 TI inch
11-20 T2 .
21-30 EE !
(If NLCROS = 0, omit this card)
3 1-5 SM1 : inch
6-10 SM2 "
11-15 BH1 !
16-20 BH2 "
21-25 CH1 "
26-30 CH2 .
31-35 TH1 "
36-40 TH2 "
41-45 DH1 ‘!
46-50 DH2 "
4 1-10 NAXL
11-20 LIEXCIT 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 ! " |
21-30 AMPR ! "
31-40 AMPL " "



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 " .
61-70 WLR . "
71-80 WLL " "
6 1-10 ) inch/sec
7 1-10 CLOTOL
11-20 TLIM seconds
21-30 TFREQ 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 "
38 1-10 X1(2) inch
9 1-10 W(1) inch
11-20 W(2) "
10 1-10 AXAWT(1) 1bs.
11-20 AXAWT(2) "
11 1-10 SKR(1) 1bs/in.
11-20 SKR(2) "
12 1-10 SKL(1) 1bs/in.
11-20 SKL(2) "




Card Column Program
No. No. Variable Units Remarks
13 1-10 CSR(1) 1b-sec/in.
11-20 CSR(2) !
14 1-10 CSL(1) 1b-sec/in.
11-20 CSL(2) "
15 1-10 TKR(1) 1bs/in
11-20 TKR(2) "
16 1-10 TKL(1) 1bs/in
11-20 TKL(2) "
17 1-10 CTR(1) 1b-sec/in.
11-20 CTR(2) "
18 1-10 CTL(T) 1b-sec/1in.
11-20 CTL(2) "
19 1-10 AXWTR(T) 1bs.
11-20 AXWTR(2) "
20 1-10 AXWTL(1) Tbs.
11-20 AXWTL(2) "
21 1-10 PKR(T) 1b/in
11-20 PKR(2) "
22 1-10 PKL(T) 1b/1in
11-20 PKL(2) "

18



Card Column Program
No. No. Variable Units Remarks
23 1-10 CPR(1) 1b-sec/in.
11-20 CPR(2) "
24 1-10 CPL(1) 1b-sec/in.
11-20 CPL(2) "
25 1-10 PVWTR(1) 1bs.
11-20 PVWTR(2) "
26 1-10 PYWTL(1) 1bs.
11-20 PVWTL(2) "
27 1-64 ITITLE Alphanumeric; Problem Title
28 1-32 ICLASS 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 "
31-40 BMPWDT "
41-50 BMPSA "
51-60 NPTTS Integer number.

19
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FORTRAN VARIABLE

DESCRIPTION

A1, A2

AMPL, AMPR

AXAWT(J)

AXWTL(J), AXWTR(J)

B1, B2

BH1, BH2

BIX, BIZ

BMIL, BMIR

BM2L, BM2R

BMPVIL, BMPVIR, BMPV2L, BMPV2R

BMO

BMPHT
BMPSA
BMPWDT
C1, C2

CH1, CH2
CLOTOL

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 Tst rail

and between 2nd rail and 2nd ramp respec-
tively of a grade-crossing.

Depths of the gaps C1 and C2 respectively.

Closure tolerance

22



FORTRAN VARIABLE

DESCRIPTION

CPL(J), CPR(J)

CP1L, CPIR, CP2L, CP2R

CSL(J), CSR(J)

CSIL, CSIR

Cs2L, CS2R

CTL(J), CTR(J)

CTiL, CTIR, CT2L, CT2R

D1, D2

DH1, DH2
D1L, DIR, D2L, D2R

DDI1L, DDIR, DD2L, DD2R

DYFI1L, DYFIR
DYF2L, DYF2R

DSTL, DSTR

DSPACE

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 D1 and D2 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

DESCRIPTION

EE

FBUMP

HT2
HO2
HE?2
HHO2

IEXCITE

ID

IFREQ

KSTEP

NLCROS

NREC
NMBMPS
NPTTS

NRCRDI

NRCRDF

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

Wheel path profile for artificial bump.
Acceleration due to gravity in 1nches/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 profilometer 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

DESCRIPTION

NTA

NAXL
NBL, NBR
P1, P2

PX1L, PX1R, PX2L, PX2R

PKL(J), PKR(J)
PKIL, PKIR, PK2L, PKZR

| PVWTL(J), PYWTR(J)
PHIX, PHIZ

DPHIX, DPHIZ
'DDPHIX, DDPHIZ
SM1, SMm2

SPEED

SPACEL, SPACER

SKL(J), SKR(J)

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 (Ro11)
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

DESCRIPTION

SKIL, SKIR
SK2L, SK2R

STRBMP
T1, T2
TH1, TH2

TDTFL, TD1FR
TD2FL, TD2FR
TVR

TLIM
TKL(J), TKR(J)

TKIL, TKIR, TK2L, TK2R

TAPET, TAPE2
)

VFPS

VMPH

VL, VR

WLL, WLR

W(J)
X1(2)
XLI, XRI
X2, XX2

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 1st and 2nd rail-top respectively.

Elevation difference between T1 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 1imit 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 Teft and right wheel-path excitation.

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

DESCRIPTION

X3, XX1

XBUMP
XMAYSA, XMAYS, XMAYSM

YO

DYO

DDYO, ADDYO

YiL, YIR, Y2L, Y2R

DY1L, DY1R, DY2L, DYZR

DDY1L, DDY1R, DDY2L, DDY2R

Distance between C.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.

8D1R i aY1R

SKIR (DIR - YIR) + CSIR (= ) + SKIL (D1L-Y1L)

+ oL (R . 2Lk

2D2R _ 3Y2R,
3t~ ot

52y
&0 -0 ... Eq. (1)
5t

) + SK2R (D2R - Y2R) + CS2R (—=+

aD2L BYZL)

+ SK2L (D2L - Y2L) + CS2L ( Tl

+ BMO -

(w W1y [SKIR (DIR - YIR) + cSTR (2BIR glR - Q%%Ba - SKIL (DL - YIL)
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+ SK2L (D2L - Y2L) + CS2L ( 5t
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PKIR (VIR - PXIR) + CPIR ("3‘”R - ag§1R) - TKIR (PXIR
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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 (2) in his paper entitled, "A Method
of Computation for Structural 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, ii' The values of these variables
at t.+1 are determined from the following relationships.

i

2 2

_ By 2l gy 3y 4 p2e (BY
@, = @ e h (- A, e (Y Eq. (B)
at’i+1 ~ ‘at’d | 2’1 27 i+] -+ - Ea.
ot ot
Where: Y = displacement of a mass
%%—= velocity of a mass

22y _ .

— = acceleration of a mass

ot

=t - b

The values of v and B are used as 1/2 and 1/6 respectively which makebthe
solution converge quickly. Figure 5 shows the flewchart of the procedure

used- in the numerical technique.
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Assume an Initial Value for
Acceleration of Each Mass

| >

5

Assumed Acceleration Calculate the Velocity and Displacement for
Equals to Each Mass by Using Egs. (B) and (A)
Calculated Acceleration !

Calculate the Acceleration from the
Differential Equation of Motion

sumed Acceleration-Calculated Acceleration) > CLOTO

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:

DYFIR = TKIR (PXIR - YIR) + cTIR (2PXIR 21K
DYFIL = TKIL (PKIL - v1L) + cTiL (2RXIL 21,
DYF2R = TKZR (PX2R - Y2R) + CT2R ((LXER _ 21ZR,
DYF2L = TKeL (PX2L - YaL) + craL (2PXEL . 2Y2L)

After calculating the dynamic force component on a wheel, the total dynamic
wheel Toad may be determined by simply adding the static and the dynamic force

components as follows:

TDFIR = DYFIR + AXWTR(1)
TDFIL = DYFIL + AXWTL(1)
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, t XMAYSM is the value of XMAYS in

i
the previous time step, t1_1. The absolute value of the difference between
XMAYS and XMAYSM 1is accumulated for every time step. This accumulated value

‘up to any time step (XMAYSA)is the Maysmeter reading at that time.
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|Initialize XMAYSA, XMAYSM |
— 1

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

v

[ABSMAY = ABS (XMAYS - XMAYSM)]

[XMAYSA = XMAYSA + ABSMAY |

[PRINT XMAYSA|

[XMAYSM = XMAYS |

otal Analysis

WO N ime Ended?

Yes

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:

//J9B

/*PASSHARD

//DYMPL EXEC FPRTGCG,REGIPN.GP=100K
//FORT.SYSIN DD *

SPURCE DECK

//G@.FTOTFO01 DD UNIT=SYSDA,SPACE=(CYL,(2,2)),DISP=(NEW,PASS)
//G@.FTOTF002 DD UNIT=SYSDA,SPACE=(CYL,(2,2)),DISP=(NEW,PASS)
//GP.FTO2FO01 DD UNIT=SYSDA,SPACE=(CYL,(2,2)),DISP=(NEW,PASS)
//GP.FTO2F002 DD UNIT=SYSDA,SPACE=(CYL,(2,2)),DISP=(NEW,PASS)
//G@.FT10F00T1 DD UNIT=(TAPE9,,DEFER),VPL=SER=XXXXXX,DISP=(@LD,KEEP),
// DSNAME=XXXXXX

//GO.SYSIN DD *
INPUT DATA

/*END
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CCMMCAN/AZLY/ F)lRQFXILoFXZF'FXZLQCFXIFQCFXILQDFXZFcEpXZL’
1 COPXIR,CCPX 1L +DOP XZR sDDP XZL s ADPX IR JADFP X1 L s ADFEX2FR »ACPX2L » IEND
CONMNON /7 AZ22/7B81 3AR24E13EZ+C1+CZ24C1s02eT1+sT2,4EE
1 sMNLCRCS2SEN1 SN2 ,,BHL1sBFZ4CH1 4CHF2,3THL 3 THE2 sCH1 4CH2
CONMCN 7/ AZ7 /7 XCISTLDSPACE
CCNMNNCDN 7229/ NRCRUISNFRCERLF
COMMEN / NAVE / NRANE(Z20) s XNANE(20) +NENEC
CINENSICN XNANELI(ZC)
CATA XNAVME1/€Ce0913091 009060304042 201000910092 40420425 1200900040,
1 1eC31eC31eC3Ce030eC30e0+0e01+040/
ECUIVALENCE (XNAME(1)sSPEEC )+ {XNAME( Z2)sPRTOUT) o
{XNANE(E) o AXLANUN) 4 (XNANE(7 )3 STRECSF),
{XNAME(B),STRBNP) s { XNAME (S) + NMBMPS),
IXNANEQL10 ) >sENMFEFT ) s {IXNAME(11).,8BMPWET)

(XNANME(12) +BNESFA) (XNAME(3),FRTTEL)
REAL NNBMNFES

VRITE(E +555)
FORMAT{1H1)
CCMT INUE
FEAD{S sECC+ENC=1SCIENFULT sNFREC +CSPACELNLCFOS», NRCRCI+NRCROF
XDIST=CSPACE*7&¢C
80C FCFMATA{C102+110+4F10.2,3110)
IF{ NLCRCS.ECeC ) GC TC 111
READ(S+1010)A143AZ,B81+sB2:C14,C2sC1sD25sT1sTZHEE
1C1C FCFMAT(8F10.2)
READ{C+Z202C)SN1 SN2 4BH1 sER2 4CH13CHF2sTHL ¢ THF24CHL 4 CH2
2020 FCFNMLT (10FEe32,15)
X=A1+AZ4BLl+E24T14+T2+4C1 4C24C1+4L2+4EE
NREC=X/XDIST +1
111 COANT INUE
CC 1 I=1,2C
ANAME( I)=XNAME1(TI)
1 COMNT INUE
CALL TAFPERR(ANREC)
CALL READIN
FEFD(54+500) SFEELCSTRENF, EMPET s EMPWCTBMP SPALNPTTS
€CC FORMAT{EG1C.2,11C)
IF{NRECJECGC«0) GC TC 2
NVEMFS =4,
NPTTE= ELC/DSPACE +1
CALL PRFAVC(NFTTS)
CALL CFIVEF
IF (NLCROS.NEsC) GC 10 4
IF{(NFEC.EC0) CC TC 4
PRITE(EL.ECC) (XNANE(L) 4L=1,20)
WRITE(ESEQOQO)ISPEED+STRBMP s NMBMP S,BMPHT 4BMPUDT ,BMPSFALNPTTS
€CC FCFMAT(1X,10G132.5)
4 ¢C TC =2
180 STCP
ENC

¥ * % H

(31}

N on

n

tul
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SLERCULTINE TAFEWR{NREC) ;
COMMON /7 AZ7 7/ XCISTSDSPACE |
CCNNCN /2297 NRCRCIZNFCRLF ' ' P
CIMERSICN CARD{z2() _ 5
CIMENSICN TAFEL1(7S0) ,TAPEZ(75C)
CIMENSICN IC(S) §
REWIND 1 '
IF(NREC.LT0) GC TO 4€
IF(NFEC.EG+0) CC TC 5
INSNREC*XDIST
WEITE{E 41235 INREC, IN
12235 FCRMAT(1C0X+* SLERCUTINE TAFEWRT?,I3,*RECCRECS="',10Xy 16,
** INCEES OF NATULRAL PRCFILE?)
LC 100 1=1,750
TAFEI(I)=C.C
100 TAPEZ{1)=0.0
ID(1)=0
ID(2)=NREC
IC(31=0
ID(4)=0
ID(&8)=¢
WRITE(1) IC
CC 2C0 I1=1.NREC
20C WRITE(1) TAPE 1, TAPEZ
€ ENCFILE 1
ENDF ILE 1
REWINC 1
FETURN
£ CONT INUE
CC 1 I=1,2
FEAD{1C,111) CARC
111 FORMAT(ZCA4)
WRITE(E,112) CARC
112 FORMAT(1X42CA44+/7)
1 CONT INUE
FE#C(10,17) IC
17 FORMAT(SI1C)
NREC=1C(2)
IN=NFEC*XCIST
WRITE(€,1224)NREC,IN
1234 FORMAT (10X, 'SUBRCUTINE TAPEWR =1',13,"RECORDS? 41CX»16,% INCHES OF S
*NCCTE FRCFILE?)
VRITE(1) IO
CC 201 I=1.NREC
FEADA{1C+18) TAFELl,TAFE2
IF {I.LT.NRCRCI+OR+sI«GT.NRCRDF) GO TC 201
WRITE(1) TAPEL1,TRFE2
ZC1 CONTINLE
i##*#**#*#4#*#**#’t********************#***************************
€C TC € -
4€ REVIND 1
READ{1) IC
NREC=1IC{2)
INSNREC*XDIST
WRITE(6,1235)NREC, IN
FEWIND 1
18 FCRMAT(ZCFE,2)
FETURN
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SUBRCLTINE READIN .
COMMON/AZLIY/ FXIRIPXILIPXZRWPXZL ¢oOPX1IROFPX1L +DPX2R sDFX2L »
1 DDFEX1RH)CCFX 1L sCCFEX2R4CLRX2L o ACPX 1R ACPX 1L s ACPXZR,ADPXZL s IEND
COMMOEN /AZZ/A143AZ3B1+8BZ,C15C2,01sD2+T1 +72,EE
1 oNLCRCSsSNMISSN24EF1sEF2,CH1,CH2:sTHLIsTH2,DH1sDH2
CONMNEN /A247 FKR(2)+sFKLL2)sCFPFR{2)sCPLI(2)FVYWNTR(Z2),PVETL(2)
COMMCN/SETI/TVROZT7SC)I e TIVLIZTEC) 3L 77+AXMTRIS) s AXWTIL (D) o X1{5)
1 ITITLE(16)s1CLASS{B)+NCF{S)sW{E)+AXAWT{E)sVL(E9Z2)sVR(E,2)
COCMMON /7 SETZ 7 IEXCIT+IUNITsHNAXLL,ITINE
13V sSPACEL ySFACERWLL yWLRSTFREGQ.BMO,,BMIR,BMIL ,BM2R «8N2L,
2 EIXSEIZLETIZ2,VFPS s MsKONVERJBETALHT 2,y HO 2, HE
A2 FHCZyGRAVI ISTOP SNTITINME sKR s X X1 s XX2 s XX3 s X X4 o XXS5 9 X12eX132X142X15,
4FHIX1,CFRIX1,LCCPX1, ACDX1o PERIXZ2,DPHIX2,DDPX2+ACDX2+PHIZ1»
ECFEFIZ1+CLF21 +ACC 21 sFF 122 sLFF122,CCPZ2,2L022,Y01,CY0 1
COVMMGCN s SEP2Z2 / DCYCI,ADDY{11YC2¢DYQZ;DDY029ADDYcz;TRL'AQXCIoXCZv
IXTR2 s XTRT o XTR23 s XTR4SsEIZ21+ET1Z2Z2.BIX1.BIXZ,BTIZ1-BT11Z2,8M01.,8NM02,
2NREAC + XTR3 4 XC23
CONMCN/SET3/Y0sDYO0+sDDYCHACCYO s YIRIDY IR DDYIRSADDYIR Y1 L 4DY1L ,DDY1L
1 sACDY1 L 2 Y2FsCY2RWLCLCY2RHIAECLCY 2R Y2L o CY2L ,COY2L , ADDYZL

COVMMCN 7/ SETH4 / PHIXsDPEIXsDDFHIX sADDIX +PHIZLWCFHIZHLCDPHIZ,
* ACCI1Z-THETZR+DTHTZR sODTZRsADDZR» THTZL »
* : - CTHTZLSCCTZL+ACCZL+FV1IR+PVIL.FV2RsPV2L,
* CLCTCL »IOUTLTLIW
CCMMON / SETS / KSTEF, IC(S)s I2sXLIsXRI

COMMON/SETE/AXARTI ;AXARTZ 9 AXWTL s AXWT2 ECCTCTL,ECDWT1 »BODWT2,CS 1L,
#CS2L 9CSIRICSZRCTILICTZL oCTIRSCTZR s SKIL s SK2L +SKIR4SK2R»TKI L, TK2L
CCMMOCN/SEFE/TKIRsTK2Rs W1l s W29sX29sCSTL » AMPR s AMPL  NBRoNBL

CCMMCN /7 NAME 7 NNANE{2C) s VNPH s XPRT s YFRT+BRLGTFJLCSTRIXFAKE{15):
* NENC
CCMNEN/AZS/7CTRASISCTLALS) sCSFR(S5)sCSLIS) +sTKF{S5)sTKL(S)s SKL(E}s SKR(S:
INFUT

TFE SFEEC SFCULLC EE LINITEC EETWEEN €.,C ANLC €E.0Q MeP oHoe

RE AD (ESs1CS+END=1G0) MAXL,LIEXCIT

FEAC(S»110 JCSTRCSTLLANMPR, AMPL  SPACER,SPACEL s WLR swLL

FEAD(S,11C)V

FEADI[S+112) CLCTCL +TLINLIFREGC.NBRJNBL

FEZD{5,110) X1(2)

FEADI{S»11CY{(w(d) + 4 = 14 2)

FEAC{EL11CI(AXAWT{J)s J = 1,2)

FE2DIS+11C)(SKR{J) +» J
READ(E411C) (SKL{J)Y 5 4 = 1 +2)
FEADI{S+11CI(CSR{J) »
FEAD{S5,110)(CSLCU) »
READ{ES 11CI(TKR{J)
FEAC{S+110)(TKL(J) »
FEADLE11CY{CTFR(J)

1]
b
L]
Ny
A

(SR F SO S S
il 1
fl o ot o b =
]
Ny
S

FEACL(E,11C)(CTLLJ) o = 223
FEAC{S+11C) (AXWTR{J)s J 1 4 2)
READ(S.11C) (AXwTL(J) s J = 1 » 2)

READ PAVEMENT FRCPERTIES
FEAD{S #110)Y(FKR{J) s J=1+2)
READL S 11CHX{PKL{J)s J=142)
FEADAS,110X{CFR(J}s J=1s2)
FEADL{ES,11CYA{(CFLLJ)s J=1,2)
REACLEL11CI{PVRTIR{J)y J=1,2)
FELAC(S+110)(EVUTLL{J)s J=1+2)
READ{ES,1CCHIL{ITITLEA{I) +I=1,186)
FEAD(S,100){ICLASS{1)s1I=158&)
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10¢
105
11C
115

160

FORMAT(Z2CA4)
FCFMAT(3I10)
FORMATI{EE1C.3)
FORMAT(ZE1C«3+4110)
FEAD(1) IC
NRECRE=1ID( 2)
XRI1=1C(4)/7100C0.
XLI=IC{5)/710000.,

VEES = Vs/12.C

VNFR = VFPS#1Z.0/722.C
FE TURN

£TCP

ENC
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Ny

SUERCUTINE PRFAVGINTA)
CONMNMEN /AZ22/7 21 3A24EL9EZ9C19C25sC14D2,T1eT2ZHEE
1 sNLCRCSsSN1 SN2 4BF1+BF2 3CH14CHF2,THL 3 TF2,CH1,LF2
COMMCN 7 AZ27 7 XxDISTLDSPACE
COMMON/SETI/ZTVRI37SO0) s TVL (2750 ) I77+sAXWTR{S) +AXWTLLE) y X1(S),
1 ITITLEL{1E)sTCLASS(B) +NDF(S5) % (S) s AXAWTIS)H»WL{5,2)sVR(5,2)
COMMCN / NAME / NNAME{ZC)sVMNFHsXPRTs YPRTSBRLGTH +DSTR XFAKE{15) ,NE
CINENSICN TAFEL1(1500)+F1{7E0),F2{7S0),TEMP{100)
EGUIVALENCE {TVRSTAFEYL ) 2 (TVR{1EC1)sF1) s {TVR{(2251 }sP2),
*(TVR(3001),TENF)
IF(NTAEGeC) NTA=B.0/CSFACE +1
IFINTA.L Te1a0ReNTAaGTEC) RETURN
NT2=NTA/2
NREC=C
NTZ=NT24%2
IF(NTZ2 sEGNTAJNTA=NTA+]
IF{NTANE.1)GC TC 1
REWIND 2
FEAC(1 +ENC=3) TVF
BO 12 J=1,1ECC
kd={(J=1)/2
TVRUJI=TVR(J) R XFAKELBIAFEUNF(KJ+1+NRECA750)
1 +XBUNF(KJ+1+NREC*x7E£0)
NREC=NREC+1
WRITE(Z2) TVR
¢0 TG0 2
ENCFILE 2
REWIND 2
€0 15 LL=1+NREC
1€ EACKSFACE |
GO T0O €¢¢C
1 MTZ2=NTA/2
FEMWINC 2
ATZI=NTA%2
FEAD{1) TAFEL
CO 1C J=1,N72
FLIJ)I=TAPE1I{Z*3J= 1 )¥XFAKE(E)+FELMP({J)

-
L

(s

1 +XEUMP(J)
1C FZ(J)=TAPEI(Z2*x )% XFAKE(E)+FEUNF(J)
1 +XEUMP(J)
SLN = 0.0
SUVM 2 =0.C
CC 12 K=1,4NTA
SUMLI=CSIMI+TAFEL1 (2%Kk=1 )#XFAKE {8 )+FEUMF{K)
1 + XBUMP (K)
12 SUMNMZ=SLN24TAFEL(23K)IIXFAKE(E)IAFEUMP(K)
1 + XBUMP(K)

Pl1{NT241)=SUMI1I/NTA
F2INT2+41)=SUN2/NTA
2C K=NTz+2
SUNI=SUNLI +(TAFEL (24K INTA=Z })=TAPEL1( 2*K=NTA=2) ) %

* XFAKE{(B)4FEUNMF(K4DMT2H+NFRECHT7S50 )=FEUNF{K=NT2+NRECX750)

1 FXBULMF(K+NTZHNREC*7EC )= XBUNF(K=AT2+NFEC%X750)
SUNZ2=SUNZ2+{TAPELI{(2*K4+NTA= 1 )=«TAFEL1 (2%K=NTA=1) )%

* XFAKE(S8)+FBINF{K+NT2+NFECX750)=FEUNE(K=NT2+NRECX750)

1 +XBUNMPIK+NTZH+NRECA*7EQ) = XBLVNP{K=NT2+NREC*X750)

F1{K)=SUN1/NTA
PZ{K)=SUNZ/NTA
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K=K+ 1
ITEST=780=NTZ
IF{KsGTLITEST)IGC TC 40
CO 7TC €¢C
4C LCC 4E L=1.NT2
4 TEMFALI=TAFELI(L+1ECO0=2%NTA)
REAC(1.,ENC=4E) TAPE 1
CC 46 L=14+NTA
SUMI=SIMI+(TAFEL (2%L=1)=TENF (2%L=1))*XFAKE(8)

* +FEUMP({L +{NREC+1)*7EQ0)=FBUMP( 750={NTA=L) +NREC%750)

1 FXEUNFILH (NREC+1)%750)=XBUNMP{750={NTA=L )+NREC*750)
SUNZ=SUNZ+{TAFEL1(2%L)}=TEMP{2%L ))%XXFAKE{(8)

* +FEUMF(L+ (NFEC4+1)*75C)=FBUMP(750=(NTA=L)}+ANRECXT7ED)

1 +XEUNF(L+{NREC+1)%7S0)=XEUMF(7S0=(NT2A=L)+NREC*750)

P1{K)=SUM1/NTA

F2(K)=SUN2/NT2

K=K+ 1

IF (K.EQe7€1 ) GO TO 47

CC TC 46
47 K=1

WRITEC(2) (FLCI)sFZ(I)s1=1,75C)
4€ CONTINLE

NREC=NREC+1

¢C TC 20
4E CC 7C N=K,750

F1{N)=TAPE1(N*2=1)¥XFAKE( E)+FBLNP(N+7SCKXRREC)

1 +XEUMF(N+7E04NREC)
7C P2(N)=TAPE1(N*2) *XFAKE (B)+FEUNFAN+TSOXNREC)

1 + XBUMP (N+ 750%NREC)

WRITE(2)(F1(I)+F2(1),1=1,750)

ENCF ILE 2

FEWINC 2

IF (NREC.EG.C ) NREC=!

£0 1€ LL=1,NREC
1€ EACKSFACE 1

€CC CONTINLE

WRITE(E,31) NTA
21 FCFMAT( I10,* FCINT NCVING #VERAGE OF FROFILE? )

RE TURN

ENC
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SUERCUTINE CRIVER

CONMCN/AZl/ FXIQ;FXIL;FXZR:szLQCFXIFot?XlLoCFXEF:CPXZLc
1 CDPXIRyDCpXngDDpXZQvDDPXELqADPXlR,ADFXIL;ADFXZF’ADPX2L;IEND i
COMNON /822721 5sP2+E13EZ29C19C 24015029 T1.T2,4EE

1 +NLCROSySEN1 SN2 4BH1 4BF23CF143CHF2,THI sTF2 oCH1 »CF2

COMMON / AZ7 / XL1ISTs.CSPACE
CCNMCA/SETI/TVF(37SO)1TVL(3750)9177,AXWTR(5)QAXWTL(5)sx1(5)9
1 ITITLECLIE),ICLASS{E)sADP{S) »0(8) AXAWT(S) wWLI{S4s2)sVR{(54+2)

COMMCN 7 SET2 7/ TEXCIT sIUNIT,toNAXLSITINE
1+sVsSPACEL s SPACERSWLL s WLRSIFREQ+BNO,BNLIRSENIL 4EM2E 4EN2L »
2 EIXSEIZ+ETIZ,VFPS s My KONVERBETASHT2,HOZsHE
22vFHCZ2 sGRAVSTSTOF SNITINME s KF ¢ XX1 4 XX2 9 XX3 9 XX4 s XX54X12sX13aX145X15,
4PHFIX1,CPEIX14,C0DPX1 s ACCX 1 sPFIXZcDPHIXE'DDPXEyACCXZoPHIZI,
S5DF+127214DDF21 s ACCZ1 sFr122,CFFr1Z22,CCPZ2,ARDZ2,Y01,sDYO01
COVMMON ~» SEPZ2 / DDYC1,ADDYC1sY(2+sDY02+DDYD2 4, ACDYOD2 4, TRL s A4XC1l 4XC2,
IXTR2 s XTRT 3 XTR23s XTR4S 4 EIZ1,ETZZ4BIX1,BIX2:BTIZ1+BTIZ2,8M01 +BMO2,
ZNREAC+XTR3,xC223
CDMMON/SETE/YC;DYC’DDYCoADDY01YleDYlR;DDYlR,ADDYlFoYlL-DYIL.OCYlL
1oALDY1IL2Y2R+CY2R +CCY2RSACCYZRsYZLsOY2L CLY2L ,ADDYZL
COMMON/SETA4/FHIX sDFHIX «DCFHIX s ACCIXsFHIZ+CFHIZ+DCFFIZs ACD1Z,
1THETZRy CTHTZRsCCTZR2ACDZR s THTZL +DTHTZL +CDTZL ,ADDZL »EVIRsFVIL v
2 FV2R.FV2L, CLOTOL » IOUT,TLIM

CCNMMON / SETS / KSTEP, IC{E)es12.XLI,XRI

COMMEN 7/ MAME 7/ NNANE(20) s VNFE oXFRT 3 YFPRT 2 BRLGTHes LSTRy XFAKE(15) 4NE
COMMCON/AZE/CTR{EIsCTLIE) sCSR{S)4CSLIE) s TKR(S) ¢ TKL{S) s SKL{S5) 4 SKR(S)
IEND=0

>i{1)=C.C

REwWINC 2

VFFS=VANFE%*X22,.0/15 .0

V=\FPS*12,.,C

KSTEF=1

IFFEG=2

IF(XFAKE(14)eNEW+CaC) IFREQ=XFAKE{14)

F=CSFACE*KSTEF/V

CC 2C L=1,2

VR{L +Z2)=XR 1

VL {Ls+2)=XL1

NOP(L)==Xx14{L) /JCSFACE+KESTEF

EYC=0,0
DDY0O=0.C
ACLYO=C .0
YO={(XRI+XLI)/2.0
YIR=XRI1
Yii=XL1
YZR=XK1
Yel=XxL1
CY1IR=0,0
CYIL=C.C
CYZR=C .C
£Y2L =0 .0
CDYIR=C.O
CCY1L=0.0
COY2FR=0.0
CDY2L =0.C
FX1R=XFR1
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PXIL =XL 1
FX2R=XF1
PXxzi=XxL1
CEX1R=0.0
DPX1bL=C.C
CPX2R=C.C
CEX2L=0.,0
DDPX1R=C.C
CLREXIL=C.C
CCFX2k=0.0
CDEXZiL=C.¢
ACPX1R=0,.,0
ACFEX1L=C.0
ADPXzR=C, C
PCFXZL=0.0
FHIX=C.0
PHIZ=0.0
CEHIX=0 .0
DFHIZ=C. 0
CCPHIX=C.C
CCFHI2=0,0
PVIR=XRI
PVIL=XLT
FV2R=XR1
PVEL=xLI
ACLY 1R=0,0
ADCY1IL=0.,0
ADCYZR=C.C(C
ACCY2L =0 .0
ADCI x=C.C
ACCIZ=040
Y01=0,0
CYC1=C.0
CCYO 1=0.,0
ADCYC1=0,.0
YOZ=CoC
CLYOZ=0.0
DYC2=0.C
ADCYCZ=G.C

YOI={XLI+XRI)/2.0

YCz=Y01
PFIX1=0 .0
CFFIX1=0.0
COPX1=Cs0
ALCCX1=0 4,0
FHIX2=0.0
CPFIXZ=0.C

CCFX2 = 0.0

ADCXZ = Ca¢C
PEIXI=ATAN({ XL I=XRI)/%(1))
FFIX2 = PriIX1

PHIZ1=C.C
[PFIZ1=0.0

CCFZ1 = 0,0
ACCZ1 = C.¢C

FH1Z22=0.0
DPHIZ2=0.0
CDFPZ 2z

CeC



ADDZ Zz = Q.C

- N =-0
KCAVER = O
BETA = 1eC 7/ £4C
FT2 = 2.0 % }F
FC2 = Ce5 % H
+EZ =+ * B
FFC2 = 045 % F * ¢+
GRAV = ZE€.4
C SET UF RANCE CVER WHICF RESPONSE IS TO EBE
ITIME = TLIM /H
ISTOP = ITIME=1
NITIME=1
zEC CALL CLASE 1
4G C CONT INUE

WEITELE+9G5G99)
ccccec FORMAT(1HL)}
FETURN
ENC
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SUBRCUTINE CLASS!

CCMMONZAZLY/ PXlF‘FXlLoPXZR.PXELoDPXlRoDPXlLoDFX2F-DPX2L,

1 ODFXlFsCCFXlLoCCFXZFqDCFX2L9ACPXlRoﬁCFXngACPXEF.ADPXEL.IEND
CCMMCN/AZE/PK1RsPK1L;PK2R.FK2L,CPIRy(PlLsCP2R.CF2L.FVWTIR.

1 FYWTIL,PVWT2R sFVYWT2L

COMMCN /A 24/ PKR(2) sFPKL(2) sCFFR{2) sCPL(2),FVWTR(2),PVYWTL(2)
CONMON/SETI/TVR(E?EO);TVL(375(),177sAXkTR(5)yAXWTL(S)-Xl(S)-

1 ITITLE(lé)’ICLASS(B),hCF(S)yw(5),AXAWT(5);VL(5;2)qVR(5.2)

COMMCON 7/ SETZ / IEXCITSIUNIT.FNAXLsITINE

1 3VsSFACEL sSFACER yWLLsWLFR s IFFREG +EMO,BM1RyEMIL +BMZRBM2L ,

2 BIXsBIZ+BT1Z,VFPS s Ny KENVEFRSEETASHT2, HO2, HE
IZ2+FHCZ 2 CR AV, ISTCRANITINE sKR s XX 14XX2 4 XX29XX4G, XXCe X124 X129X1424X15,
QFHIXI’DFHIX19CCPX1QACDXXQFFIXZaCPHIX2:CEFX2;ACCXE;PH!Zlv
EEPF{ZIQCDPZI,ADDZI‘PH12290FHIZEvDDp220A00225Y01OCYOX

CCMMCN / SEF2 7/ ECYOI,ACCYO1.YOZ;DYOZ.CCYOZ.ACDYCZ-]RL,A,XCI.XCZ.
IXTRQ‘XTRTc?’RZEoXTR45.EIZl’EIZ2QEIX1QEIXQ9ET[21vETIZZ’EM0198M02'
2NREAC+XTR24XC2Z
CCNMCN/SETB/YC;DYOvDCYOcACEYOleRoDYIRqDCYlR'ADDVlRtYlL:DYlLoDDYlL
I.ACDYIL.YEF;DYZR,DCYZR-ADDYZR.YZL'DYZL,DDY2L.AODY2L

CCNMCA/SETQIFFIX;CPFIXoDEFrlX'PDDIX.PHIZ.EPHIZoDCFFIZ'ADDIZ-
LTHFTZRsCTHETZR+COTZR2ADDZR s THTZL oDTHTZL +DOTZL 3 ACCZL +FVIRSFV1
2L.FV2ReFV2L, CLOTOL » IOUT»TLIM

CCMMCN / SETS / KSTEPS ID(S)sIZ4%L14XRI

CONMCN/SETG/AXAHTIsAXA“TZ'AXMTlgAXNTZ,BCDTCT.ECDUTI.BCDWT2,CSlL¢
*CSZLgCSngCSZF'CTIL.CTELoCTlR,CTER'SKlLoSKZL’SKlR.SK2R-TK1L'TK2L
COMVON/SEFE/TKLF s TK2R oW1l 9 W2 9X2 4DSTL o ANFR4 ANPL 4 NBF 5 NEL

CCNMNMON 7/ NEANE 7/ NRANE(ZO )s VMPH +XPRT, YPRTBRLGTHs CSTR y XFAKE( 15) +NE
COVMMON / COVRLAY / NCLASSNFFINMF
CCNNCN/AZS/CTR(S)'CTL(E)sCSR(E)'CSL(S)aTKR(S),TKL(S):SKL(S)aSKR(S)
SET INFLT

FKIR=FKR(1)

FK2R=FKR(2)

FKIL=FKL(1)

EKZL=PKL(Z)

CFIR=CFR{1)

CFZR=CFR{2)

CPIiL=CPL (1)

CF2L=CFL (2)

FVRTIR=PVWTR{ 1)

PVRT ZR=PVWTR{ Z)

FVeTIL=FVWTLA{1)

FVWT ZL=PVWTL(Z2)
ENFEVIR=FVWT1R/Z2EE€ .4
BMEVIL=FVWTIIL/2EELS
EMFVZR=PVWTZR/ZE€.4
EMEVZL=FVWT2L/38€ .4

EK1IR=SKR{1)

EKEZR=SKR{ 2}

SK1IL=SKL{(1)

SKzL=SKL( Z)

TKIR=TKR{1)

TKZR=TKR(2)

TKIL=TKLA{ 1)
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TKzL=TKL(2)
(S1R=CSR(1)
CEZR=CER(2)
CSiL=CsL (1)
cs2L=CsL{2)
CTIR=CIR( 1)
CTZR=CTR(2Z)
CT1L=CTL(1)
CTzZL=CTL( 2}
wl=w{1)
wWz=wi(2)
Xlz=x1(2)
AXEWTLI=AXAWT (1)
AXAWTZ=AXAWT(2)
AXWY I=AXWTL(1) +AXWTR( 1)
AXWT2=AXWTL(2) +AXWTR{2)
LOCATE THE CENTER CF GRAVITY CF THE VEHICLE BCDY
ECCWT]1 = AXWT! = AXxAWT1
ECCWY2 = AXWwT2 = AXANT2
E0DTOT = BODwI1 + BCDwIZ
X2 = ECCwWT1 % X122 /£00TOT
X2 = X12 & X2
XX1=X2
XXx2=x2
CALCULATE THE EOLCY MASSES AND NMASS MCMENT OF INERTIA
EMO = ECCTCTY / 328€ 44

ENMIF = (CaS) % AXAWT1 / 386.4
BEvIL = BMIR
EN2F = (0.5) % AXAWTZ / 3286.4

BNZ2L = BM2R
BIX =(BMC * ( Wi%¥Wwl + W2%WZ2Z ) /24,C)%XFAKE(10)
ETZ =(ENO * X12 % X12 / 12.0)*XFAKE(9)
NOW LET US PRINT THE INPUT CATS
MNCLASS=1
CALL INDAF
QUTSIDE OF TIME SYEPS SET THE FCLLCOWING
I=1
XNAYSA = (C.C
XMAYEM=C «C
CC 190 12=1, ISTCF
ICCUNT=C
CALL NATPROC
IF(IENC.NE«O) FETUFN
x3=Xx1
M= M+ 1
FXIR=FX1R+F*CEX1R4FFC2¥CCPX1LR
BXIL=PX1L+HXDFX1L+KHCZ2%DCFX1L
PXZR=PXZ2R++*DPXZ2R+HHC2%DDP XZR
FX2L=FX2L+EXCFX2L++RC2¥CCRX2L
CPX1IR=DPXIR+H*DDF X1 R
CRFX1L=CFX1L++*CCFX1L
CRX2FR=DFX2F+H%CCFX2FR
CPX2L=CPXZL +H*DDP x2L

YIR = Y1IR + E % CY1IR + HHO2 * DDYI1R
YL = Y1L + H % DY1L + HHC2 * CCY1IL
YZR = YZR 4+ H % DYZR + HHO2 % COY2R
Y2L = Y2L + H % CYZL + FHOZ2 % LCYZ2L
YC = YC + H % CYO + KHGC2 % CCYD
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PHIX = PHIX + H % DPHIX + HHC2 % LCDPF IX
PHIZ = PHIZ + H * DPFIZ + HHOZ2 % DDPHIZ
CYIR = CY1F + F % CCYI1R

DYIL = DYIL + H * COYLL

CYZR = CYZR + F % ECYZR

DY2L = CY2L + H * CCY2L

DYC = DYC + H * DDYC

CFrIX = DFFIX + F % CCPHIX

CP+IZ = CFHIZ + H % CCFBIZ

1€0 CIR = YC = (W1/2.C) % PHI X = X3 *FHIZ
CIL = YO + (W1l/2.0) % PHEIX = X2 *PHIZ
D2R = YC = (W2/2.C) % FHIX + X2 * PHIZ
CzL = ¥YC + (WZ/2.C) * PHIX + X2 % PHIZ
CC1kR =CY0 = (wl/2.0) * CPHIX = X3 *DP+ 1Z
DO1L =DYC + {(w1/2.C) * DPHIX = X3 *DPHIZ"
CC2R =LYQ = {%w2/2.0) % DPHIX + X2 % DPHIZ
CC2L = CYC + (W2/2.0)*CFHIX + X2 % DF+I2

IF{ ICOULNT sEQ+20C) KONVER=1
ICCUNT=TICCULNT 4]

C CALCLLATE DYNAMIC FCRCE CN THE PAVEMENT
CYPVIR=CPIR¥{{(VR(1+sI41)=PVIRI/HTZ=CP XIR}+PK1IR¥{(VR{1,1)=PX1R)
CYFVIL=CFIL* (VL (1 I+1)=FVIL)/FT2=CPXIL)4PKIL¥{VL(1,1)=PX1L)
CYPVZR=CPZR%X{(VR(2,1+1)=FV2FR)/FT2aCPX2FR)+PK2R%{VF(2,]1)mFX2R)
CYFVZL=CF2L*¥ ((VL(Z+ 141 )aPVZL)}/HT2=DP XZL ) +PK2L*{(VL(Z+1)=PX2L)

C CALCULATE LCYNAMIC FCRCES CN TFHE TIRE
CYFIR=CTIR*(CFX1R=DY1R) +TKIR*{FX1R=Y1FR)
CYFIL=CTILA(CFX1L=CY1L ) +TKIL*(PXilL=Y1L)
DYF2R=CT2R%*(DFX2R=DY2R) +TK2FR%X (FX2R=Y2F)

CYF2L=CT2L #(CPX2L=DYZL ) +TKZL*(PXx2L=Y2L)
TOF1FR = CYF1R + AXWTR(1)
TDFIL = DYFIL + AXwiL(1l)
TEFZ2R CYFZR + AXWTR(Z)
TCFZ2L = DYF2L + AXwIL{2)
IF{ TCFIR «LTe O ) DYFIR ==AXWTR(1)
IF{ TCFIL JTe O ) CYF1L ==AXWTL (1)
IF( TDF2R «LTe. C ) DYF2F == AXWTR(2)
IF( TOFZL «LTe C )} DYFZL ==AXWTL(2)

C ACCELERATICN ESTIMATES FRCN CIFFERENTIAL EQUATIONS OF MOTION

1

. DDYIR = { SK1IR*(D1f=Y1lR) + CS1R*{(CC1R=DYL1R)I+CYFIR)/BM1R
CCYI1L = { SKIL#(DIL=Y1L ) + CSIL*(DD1L=DYIL)+DYF1IL)/BMIL
CDYZ2FR = ( SK2FR*{LC2F=Y2R)} + (S2R*(LC2R=DY2Z2R )+LCYF2R)I/EMZR
DOYZL = { SKzZL*(D2L=Y2L) + CS20%{(DD2L=DY2L )+CYF2L)/EM2L
CCFFIX ={ (W1/2.0) % SKIR %{ DIR=YIR)=(W1/2sCI*SKI1L*{D1IL=Y1L)

+{W2/240) * SK2F % (C2F=Y2R)=(W2/2.0)%SK2L¥{(D2L=Y2L)
+{(w1l/2s0)F3CSIR*{OC1IR=DY1IR)=(W1/2.0)%CS1L*(CCI1L=DY1IL)
+{(W2/72+0)3CS2F4{CL2R=CY2RI=(W2/2.0) #CSZL *(DD2L=DY2L)
) /BIX
CERPHIZ=(X3 ASK1IR*{D1R=YIR)+ X3 A*SKIL*{D1L=Y1L )mX2%SK2R* {D2RmY2R
)mXZXSK2L % (C2L=Y2L ) +X3 ¥*CS1R¥{CC1R=DY IR )+X 3 *CS1L*x{DD 1L
2 =DYIL)=XxZ2*CS2R*{(DD2R=DY2R )= X2%CS2L % {DD2L=CY2L))/BI2
CCY0 =(=SK1FR*(D1IR=Y1R) = SKIL*(DIL=Y1L) = SKZR*{D2R=wY2R)
wSK2L*(C2L=Y2L) = CS1R*{DC1f=CYIR)I=CSI1L*(CC1L=DY1L)
=~CSZR*(DDZR=DYZR) = CS2L*(DD2L=DY2L) ) / BMO
C CALCULLATE ACCELEFRATICN CF SCIL MASSES
DDEX1IR={DYFVIR=DYF1IR)/ENFVIF
CLPXIL=(CYFV1IL=DYF ILI/EMPV 1L
COFX2R={(DYFV2FR=CYF2R)}/EMFV2F
CDFXzL={DYFVZL=DYFZL) /EMPV2L

- PSSOV \ VI

Ny =
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C *% C(CHECK FCR CCNVERGENCE

C
IF ( AES{ ACLCY1Ff = CCYLIFR ) 4GT. CLCTOL ) GO 10 170
IF ( AES( ADCYIL = DCYIL ) 4GT. CLCTCL ) GC TC 170
IF ( 2ES{ ACLY2R = CCYZR )} .GTe. CLOTCL ) GO TC 17¢
IF { AES( ACCY2L = CCY2L ) .CT, CLCTCL ) GO0 TO 170
IF ( AES{ ACCYC = DDYC ) «GTe CLCTCL ) G4 TC 170
IF ( #ES{ALCIX = DCFFIX ) .GT. CLOTOL ) CO 70 170
{

IF AES(ACDIZ = DCFHIZ ) .GT. CLCTICL ) GC TC 170
C (FECK FOR CONVERGENCE CF ACCELERATION OF SOIL MACSC
IF (AES(ACFX1ReaLCFX1R)+CT .CLCTCL) GO TO 170
IF(ABS(ADPX1L=CDPX1L)«GTe CLGICL) GO TC 170
IF(AES{ACFX2R=CLFX2R)«CT«CLOTOL) GO TO 170
IF{ABS(ACFX2LCCFX2L)+CT.CLCTCL) GC TC 170

KCNVER = 1

C

C *%x REVISE ESTIMAIES

C

17¢C CYLF = LY1R + FC2 % { CCYIR = ACCYIR )

D¥Y1b = DY1IL + HO2 % ( DDY1L = ADDYIL )
CY2R = CY2R + KOZ % { CDY2R w ADDY2R )
Cya2L = CY2L + HC2 #* ( CCY2L = ACCY2L )
CYC = DYC + HOZ % ( DDYO = ADDYOD )

CFFIX = CPHIX + +Cz % ( CCPFIX = ADDIX)
CPHIZ = DFHIZ + HC2 * ( DDPKFIZ = ADBDIZ)
¥Y1IR = Y1IR + BETA % HEZ ( DDY1IR = ADDY1R )
YIL = Y1L + EETA % FE2 { CCY1L = ACDYIL )
YeR = YZR + BETA * HE2 DDY2R = ACDY2F )
YebL = Y2L + EETA #* FEzZ ( DDYZL = ADDY:ZL )
Y¢ = YC + EETA % FrE2 { CDYO = ACCYO )
PHIX = PHIX+BETA%HE2% ( DDPHIX = ADDIX )
FF1Z = FF12 + BETAAFEZ* (CCPFIZ = ADCIZ )
C REVISE ESTIMATES

CPX1R=CPXIR++0OZ*{DDFX1R=ACP X 1R)

CPX1L=DFX1IL+HC2%{CCFX1L=ACFX1L)

CPX2R=DPXZR+HCZ*(DDFX2F=ACFX2R)

CEX2L=CFX2L+FCZ*{LCPXZL=~ACPX2L )

FX1R=FX1R+EETt*HE2%(DCFX1FR=ACEXIR)

FXlLiPX1L+EETA*HEZ*(DDFX1L-ADPXlL)

FX2R=FX2R+EET #*FE2*{DLCFX2R=ACFXZR)

PXZL=PXZL+BETAXHE2* (DDFX2L=ACEX2L)

FEFX1R=DCPX 1R

ACFX1L=DDFX1L

ADPX eR=DDP x2R

FCFXZL=CCFX2L

ADCY IR=DDVYI1R

ACCY 1L=CDY 1L

FCLYZ2R=CLY2R

ADDYZL=DCYZL

ACCYC=CCYC

ACLIX = CCFHIX

ADCIZ = DDFHIZ

IF{ KONVER NEe 1 )} GG TO 1€0
KCAVER = O
IFIMWNELIFREQ) GO 1O 1£C
TINE=IZ2%H

* H 3 I 3¢
~

CISYT = TINE * VN
TCFIR = DYFIR + AXWIR(1)
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TDF 1L DYFIL + AXxwTL{1)

TCF2R = CYF2R + AXWTR{2)
TCF2L = DYF2L + AXWIL(2)
= 0
X1 (1)=0.0
C MAYS METER SINMULLATCR

XMAYS = O+E#{YZR 4 YZL = CZR = DzL )
ABSMAY=ABS{XNAYS=XNAYSN)
XMAYSA=XMAYSA+ABSNAY
XNAYSN=XNAYS
175  WRITE(E.12%5) TINEWCISTHVR{1+1)sVL(151)sVR{2,1)4VL(2, 1), TDFIR,
1 TDF 1L s TCF2R » TOF2L s XMAYSA L ICCUNT
125  FCFRMAT (F1043+FB8e0 32X s4FB a2y 2FEeD+2FCals 12X+G12e4s115)
16C FVIR=AR(1.,1)
PVIL=VLI{1,1)
FV2R=VR (2 41)
PyveL=VL(2,1)
15¢ CONT INUE
FETURN

END




COMMCN/AZY Yy PXlﬁyFXILaFXZF.FXZL.CPXIFqCFXlL.DFXZF.CPXZL’

1 EDPXIR,DCPXIL'DDPXER.DDPXZL.ADPXIR;ADPXlLyADPXZR,ADPX2LgIEhD

CCNMCB/SETI/TVF(3750)1TVL(3750),177,AXWTR(S):AXWTL(E)gXI(5):

1 ITITLE(lE).ICLASS(E):hDF(E),h(5):AXAWT(S)vVL(S,Z)oVR(S'Z)

CCMMEN 7/ SETZ ,/ 1EXCIT s IUNITobFsNAXLLITINE
lsV;SFACELvSFACEF.WLL,MLFyIFFECqEMOvBNlP.ENlL,BNEF'ENZL' . ;
2 BIX+BIZ+BTIZ,VFPS ,N.KCAVEFgEETﬁyHT2;HOZyHE
32sFHC2»GFAV.ISTCF;NITINE;KF;XXI.XXZ.XXE:XX4‘XX5vXlEleB»degXlSv ]
4PHIX1:DPHIXI,DDFX1'ADDX1,FHIX2qCFHIX2;CDPX2,ACDXZ.PhIZl.
EEP%IZI,EDPZlvADCZ1qPHIZ2,DFHIZZ,DDPZ2.AEE22,Y01¢CY01

CCMMCN / SEF2 / CCYOI,ACCYOXvYCZyDYOEyCCYO2;ACDYGE:TRL.A:XC1gXCZo
1XTR2.XTRTgXTR23:XTR45yEIZlgEIZZ'EIXI,EIXZ,ETIZlaETIZZsENOIoBMOZ;
2NREALC S XTRI 4 XCzZ 2 .
CGNNCA/SET3/YO’DYO9CDYO;ACCYO,Y19.DYIQ’CCYleADDYlRoYlLyDYlL;DDYlL
I,ADDYIL'YER;DYZR’DDYZR9ADDY2R,Y2L'DY2L9DDY2L,ACDY2L

CCNMCN / SET4 / PRIXsCPHEIX,CDPHIX»ADDIX sPHIZ+DPHIZ ,DDPHIZ,

* ADDIZ.THTZF,DTHTZF.CCTZF:AECZFvaTZLa

% D1HTZL-DDTZL;ADDZL,PVIR,PVILsF\ZRgPVZLn

% CLOTCL»I0OUTSs TLIM
COMMCN /s SETS / KSTEFSIC(S)s I2,XLIsXRI

CONMCA/SETE/AXAWTI;AXAWTE;AXWT];AXWTZ‘BODTOTvBGDthsBGDWTZ.CSIL.
*CSZL.CSIF-CSZF.CTlL;CTELgCTlFo(T2RoSKlLsSK2L,SKlRoSKZRoTKlL‘TKZL
COMMDN/SEPE/TKIR-TKER:KI'h2gx2aDSTLoANFR;ANPL.hBF;hEL

COMMON / N2ME /—NNA”E(ZO’QVNPFtXpRT,YPRT'BRLGTH‘DSTR’XFAKE(XS)v
* NENC )

IF «( I2e NE « 1 ) GG 1C 1S4c¢

JREC=1

JPI=KESTEP

REWINC 2

FEAD(2) (TVRINX) sTVLINX) yNX=1,750)
1548 JPT=UPT+KSTEP
CC 138 L=1,2
MCFRF(L)=NDCF{L)+KSTEF
ICEL=NCP(L )
IF(ICEL)130,130,140
14C IF(ICEL=375C)143,143,142
142 ICEL=ICEL=3750
GC TC 140
142 \IR(L!I)’:VR(LQE)
VL (L,i "-:VL(L’E’
VRIL 92)=TVR(ICEL)
VL (LsZ2)=TVL{ ICEL)
GC TC 133
13C VR(L »1)=XxRI
VL(Ls1)=XL1I
VREA{L s2)=XF1
VE (L s2)=XxL1
132 IF(LWNE.1) GC TC 128
IF{JFT=750)138,135,135
125 JREC=JREC+1
IF(JREC="6)1374,136,137
€ JREC=1
37 MXI=(JUREC=1)%7€C41
1 NMX2=JREC%*750
READ{Z2s END=100C ) LIVRANX) s TVLINMX) o NXSNX1,NX2)
€0 TO 1001
100C IEND=2
FETURN
1CC1 CONTINLE
JPT=0
12€ CCNTINLE 52
RE TURN
ENT




FUNCTICN FBUNP(I x)
COMMON / AZ27 / XDIST.DSPACE
CCMMER 7/ NAME / NNANE(20)3VNFFoXPRT, YPRT,BRLGTHyCSTR s XFAKE( 15) 4 NE
FBLMP=C.C
IF(XFAKE{E)J.EC.0) RETURN
IF(XFAKE(3)aLE«C+CIRETLRN
IF{XFAKE{4)sEGeCeCIRETLRN
CISTE=IX*DSFACE
IF ( CISTE«LTe XFAKE{(3)=XFAKE{(11))RETURN
CISTL=XFAKE(Z)4+{ XFAKE(4)=1 .C0)%XXFAKE{ 7) +XFAKE(€)
IF ( CISTE.CT.CISTL) RETURNM
NBULMFS=XFAKE(4)
XFAKE{1)=AXLENUM
XFAKE(2)=STRDSF
*FAKE( Z)=STRBNF
XFAKE{4 )=NUMBNMPS
XFAKE{S)=ENPHT
XFAKE{ €)=BMP WD T
XFEKE(7 Y=ENFSFA
DC 1C JK=1,NBUNFE
CISTL=XFAKE(2)}4( JK=1) % XFAKE{(7)
CIST2=CISTL4XFAKE(6)
IF{DISTBGE«DISTL.ANDCISTELLE.CIST2)

FEUMP=( XFAKE(S)*SIN(6.ZE21E#(DISTB=DISTL) /(DIST2=DISTL)))
10 CCATINLE

RE TURN

ENC

AN A ANAN

F
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FUNCTICN XEUNMFC(IX)

CONMMON /AZZ/A15AZ4B1+B2,C1 4C24014D2,71 +T2,EE
1 oNLCRCS+sSNH14SM23ERLsEBF2,CH1eCHF2sTHL1+TH2,DH1,DH2
COMMCN / AZ7 7 XCISTDESFACE

XBUMFP=C .0

IF{NLCRCS +EGe0) FRETURN

X1 £TB=I xx*DSFACE

IF(XISTBeLELAL1l) RETURN

XX1=p1

Xxz=Xxx1+81

XX3=XXZz+C1

XX4=XX3+T1

XXE=XX4+D 1

XX6=XXS5+EE

*XT7=XXE+D2

XXE=XXT4T2

XXG=XXB+(C2

XX10=xx6+82
IF(X[STE-GE.XXIQANDoXISTB.LEoX)E)XBUMP=SM1+BH1/81*(XISTB-XXI)
IF(XISTE«GToaXX2¢e ANCoeXISTEJLE XX3IXBUMP=SMI1+B} I=CtH 1
IF(XICTBeGT e XX2e AND e XI STRLE ¢ X X4 )XBUNF=SNML48BF1+T+1
IF(XISTE.GT.XXQ-ﬁNC-XISTBcLEo)’S)XBU~p=SNl+BH1-DH1
IF(XISTEBeGTaXXE e ANC o XTSTE JLE o XX6)XBUNF=SN1+BH1
IF(XISTBeCTeXX€aAND e XTI STBoLE e XX7)XBUMNP=SN1+BH1=DH2
IF(XISTECToXX7 e ANCeXISTHB LE XXEB)IXBUNP=SM14BHI+THZ
IF(XIS?B.GT.X)E.AhDoXISTB-LEoXXg)XBUNF=SN1*EFI'CPZ
IF(XISTE.GT.XXQ.AND.XISTB.LE.X)!O)XBUNP=$M1+8F1-EH2/BZ*(XISTB-XX9)
IF(XISTE«GTeXX10 )XEUNF=SVNI4ELI=(EH2+SM2)

RETURN

ENC




n

1122
1€

1133

11¢C

SUERCUT INE INCAP

CONNLN /22S/ NRCRLCILNFCRCF .
COCMMCN/AZ Ly PXIR;PXlL:pXEP,pXELvDPXlRyDFX1LyDFX2F1DFX2Lv
1 EDFXIF;DEPXILnCCFXZF’DDFXELvFCPXIRyACPXlLoAOpXEQQADPXQLyIEND
CONMMON /AZZ/AlsAzielvEE‘CIoCZyCquZ,TlOTZQEE
1 ,hLCRCSISMl!SME!BHIQBFZ’CHIQCFE’THIOThEQDHl’DH2
CCNNCB/AZB/FKvaFKlLvFKZF,FKZLsCPleCPlLoCPZRgCPZL;PVWTlR,
1 FVWT ILsPVWTZR,FVWT2L

CONMON 7/ 227 /7 XCIST+DSPACE
CCNNCN/SETI/TVF(3750)‘TVL(3750)0I??vAXWTF(5)9AXWTL(E):Xl(S)s
1 ITITLE(16)9ICLASS(E)»&DP(E),M(S)'AXAWT(S)'VL(5323oVP(5a2)

CONVMMCN 7/ SET2 / IEXCIT +ILNITsFoNAXLL,ITINE
19V¢SPACEL9SPACER’“LL9WLR’IFREGQBchBMlﬂseMlLtEMZRyENZLa

2 EIXWEIZHETI1Z,VFPS » Ms KONVERLBETALHT2,H0OZ4HE
EE,HHC2’GRAV.ISTCF.hITIkE.KF,XXI.XX2.xx3.an.xxs,x12.x13.x14,X15,
QFFIXI’CPFIXIOCCPXI.ADCXIQPFIXEQDPHIXE’DDPXZQADDXE,pHIZIi
SDPHIZIQDCFZXQﬁCCZI;FFIZZQCFF1221CCPZZ;AECZZ-YO!:CYOI

CCMMCN s SEP2 / DDYCIQADDYCI’YC2’DY02’DDY02’ACDY02yTRL9P’XCI’XCQ’
1XTF2'XTRToXT923oXTR45‘EIleEIZE:B[Xl;BIXE.BTIZ1)8712298M01tBMOE'
ZNREALC s XTR3 4XC23

CCNNCN/SETE/YOsEYO’DDYOoAECYO'YIR'DYlﬂoDCYlRpADDYlRyY!LvDYlLvDDYlL
1.ADDY1L +Y2R+DY2R ,DOY2RsADDYZR4¥Y2L +DY2L sCCY2L + ACDY2L

CCMMCN s/ SET4 / FHIX’DFPIX,CCPFIXQACCIXQPHIZoDPFIZ'DDpH121ADDI29
ITHTZRQOTHTZR9DDTZR9ADOZR:TFTZL1DTHTZL'DDTZL9ACDZL0FV1RQPVI
2L FVZERLZFV 2L, CLOTCLSICUTSsTLIM
CCNNMCN s SETS / KETEFSIC(S)y I2+XLI,XKR1
COMMON/SETE/AXAWTlnAXAhTZQAX“T1:AXWT218CDTCT;ECDWTIvBCDWTZsCSlLv
*(SELQCSIR'CSZF¢CTIL9CT2L'CTlﬁ'CTER’SKlLoSKELvSKleSKZRQTKlLyTKZL
CDNMUN/SEPE/TK!R.TKZFv“l0“29X2¢DSTLoANFRQANquNEF9NEL
CCOVMMEN /7 NANMNE / NNAME(EC)'VNPHoXPRT’YPRT.BFLG1H,DSTR9XFAKE(15)9
* NENL
CCNVMCN 7/ CVERLAY / NCLASS,NFRIMR
CCNMCN/CLASS5/#CC1L,ADClR»ACEELvADozRvEODT1.BCDT2|BCDII'BODlzy
*ECCIE-ECCEE9EUE2459CEpCCoCEEvCCCoDCTIL’CCZIR'CDZEL’CDZERQCDIL,
*LCIRLCC2L,CC2R
CCNNCB/CLASéS/CIST9EIST779CTFlLoDTHlRaCTPEL;DTHZRQDYFIL'DYFlR'
*CYF2L +sOYF2R4D1IL WL IR DZL,02F
CCNMCN/CLAS?s/SKQTDFILQTDFIRQTDF2LQTDFERQTHEILQTHEXR’THEsz
¥ THE2 R s XC3 o XTRG 4 XTRS ¢X23¢X34,X45
CCNMCN/Azs/CTF(E)!CTL(E)QCSR(S)QCSL(S)QTKF(S)sTKL(S))SKL(5),SKR(53
CINENS ICN EM{E),EL(E)
IF(NFCRCI «EGCeCeANL.NRCRCF.ECWL0) GC TC 1122
WRITE{€s5) DSFACE +NRCRDI NRCRDF
FCRMAT (10X *PRCFILCMETER CATA SPACINGT= s F 5439/ /9 STARTING
1RECORD NQOe=? 418 4// 4" ENC FECCKREL NCoex=%, IS,//)
€0 TO 1133
WRITE(E y15) CSFACE
FORMAT(10Xs?! DATA SFACING= * ,FS,3,//)
CONT INUE
WRITE{6,110) ITITLE , ICLASS .
FORMAT (/s 4EXs "MATHEMATICAL MCDEL OF NOVING VEHICLE® »/// 516 A4,
/s Y A VEFICLE CLASSIFICATION = 2, EBA4,//,
' B VEFICLE CFHARACTERISTICS &, 777
1Cxy * 1. MAIN BODY?®* sZCEX, {1 BmSEC Z/IN)® 411X,
'TREAL wWICTE (IN)*,11Xs®AXLE SPACING (IN)?)

N e
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WRITE(E,120) EMOs W1 X12+B1ZsWZsBIX

12C FORMAT(1EX,21, BCCY NASS (ENO )® 424X 9 =7 ,C10e3,13Xs'4, w1l = %,
1 FEalesSXs ' £, X12 = $4F€ela/,
2 18X +%2+ ECCY NASS MCNM, CF INERTIA=PITCH=(B1Z ) =1',G10.3512X>»
2 *t £, wZe = Y FEealas/s
4 1EXs*3Z, ECCY MASS MOM, OF INERTIA=RCLL ={(BIX ) =‘|GIOo3o))

GC TC 2010
2010 CONT INUE
WRITE{E,170)
17C FURMAT{//+1C0X»*11. AXLES INFUT Y/

. AXLE '3 10X *STATIC uTe® 41CXx,! MAcSS T 210X,
*SUSF e STIFW"99X 9 'SUSFs LCAMPL. '3 99X '"TIRE STIFW?»10Xy
"TIRE DANFe'4/," NCo TelOX,? {(LB.) ' 39X

*{LB=SEC 2/IN)'"+8Xa? {LB/IN) *41CXs"{LB/IN/SECY* 10X,

' (LEZIN) *.9Xs* {LE/IN/SEC)?Y)
BEM{1)=BMIR
EN (2)=EN2FK
BL{1)=EM1L
EL{2 )=EMZL
£C 2020 I =1 5 2
BRITE(E,1€C) TsAXWTROI) »EN(T) oSKR{I) s CSRUI)+ TKR{T)+CTR(I )51,

TAXWTLLI)WEL(I)eSKLUT ) CSLA{I) s TKL(L)CTL(I)
18C FCFNAT(I4s* FRICHT® 36(10XsC10e33s/514,4" LEFT *3,6(10X+G10.3))
202C CONTINLE

WRITE(E.1G0) CLCTCL, IEXCIT +F, IFREQ.TLIM,L,IQUT

1SC FCREMAT(// 4% C. COMTRCL INFUT /7 s

1CXe* 1 INTEGRATION PARANETERS "+25X+'I1e GCFTIONS! o/,

15X, *1s TOLERANCE = "yG10eZs23Xs %1, EXCITATION TYPE *

2 IS+ /7915X,%2, TINE INMNCREMENT = 7,C10e3,23X,

*2. CUTPUT INTERVAL *3sIS4/+1SXe*Zs TIME LINIT

G103 423X '3, FLCT CFTICN 'y IS)
WRITE(€,2CC) VNMNFH+DSTFs SFACER
20C FCFRMAT(///+* Ce VARIAELE SPEEC AND ROADWAY INFUT Y9/ /7,

(41 INF I VR \V I

]
-

[0 10 I VI VI

1 10X, 1, SPEEC % ,21Xs"1I1. EXCITATICN PARAMETERS ', /,
z 12X, %1, *9C1C.3," VPH 153X

3 1. CIST TG FIRST EXCRICHT = *4G10+35 X,

4

e, RIGHT EUNPE SFACING=' ,F1043)
WRITE(ELZ210) VEFPS+DSTL, SFACEL s Vs WLR ,NERsWLL s NBL
21¢C FCFMAT‘15X¢'20 " 9C10 63, FT/SECY'sG Xy

1 Y2 CISTTC FIRSTY EXCoe LEFT = *,C10e34+5X,
2 ‘6. LEFT EBUMP SPACING=*3F1Cs3s/s15X,

3 * 2. T 2C1CL3,? IN/SEC® 49X,

4 "2, RIGHT BUMPZ WANVELENGTH = *3G10634+5Xs
5 *T7 . NUMEER OF RICGHFT EUMPS='5I110+/54€EX,

€ "4, LEFT BUNFS WAVELENMNGTH = *4G10 345X
2

*Eo NUMBER OF LEFT BUMFS=',110)
WRITE(E+21616) FKLIRIFKILsFKZRSFKZL,»CP 1R, CP 1L s CP2R,CPZL »
1 PYVUTIRSPVRTILSFVWT2R FVYWT2L
1618 FCRMAT (///+ 10Xy "PKIR= Yy FEeZ 22Xy 1PKIL= 3F E2e2 32X *FKER=? yF 842 42X»
1 "PKZL= 3F8e29// 3 10X 3P CFLIR=Y 4 F562 32X s CRILT V3, F S ,242X+s"CP2R=1?,
z FEL292Xy TCPZL="3FSeZs//s10X4*'PVHTIR=? sFB8e2 32X s FVWTLIL=?,F8,.2,
3 2Xy YFVWT2R=1'4sFR 292X '"PVNT 2L = %4F84235//7)
IF (NLCROSLEQeC) GC TC 2021
WRITE{€E+3)A14AZ,B1sBZ2sC14CZ2sD14D2sT1sTZHEE :
3 FORMAT(IX s *A1 =2 ,F10 e2+5X 3 "AZ=*,3F10.235Xs *BI=1,F1CeZ45EX,s B2=1',
1 FlCeZ23SXsC 120 gF1Ce2 38X 3%C2=?3F10a24SX2// 31 Xs%C1I=?3F1042+5X>
2 fPZ=1 4sF 1042+ EX s 2T I= '3 F 10429 CXs?'T2=" 3F10+2+5X,?EE=?3F10s2+5Xs//)
WRITE(E s4)SW1 sEN2HEF1 3 EF23CHEL19CHF24TH1+THF240FK1,DHZ
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4 FCFMAT(IXy'SNlZ',F7.3'5Xv'SN2=‘.F7.3;5X¢'BH1='¢F7.3'5X0'BH2='s
1 F7.3,5Xg/ngg‘CHl='1F7.3o5Xo'CF2=',F7.3'5Xa'TF1='9F7.3.5X.'TH2=',
2 F7.3,5X,'EFIZ'yF7.3’EX.'CF2=‘,F7.3;SXy///)
2C21 IF { XFRT & NE & 140 ) GC TC 4010
WRITE(E€4232C)
230 FCFMAT (/// +40X+'RESPCNSE QF THE MOVING VEHICLE")
GO TC ZC1¢C
301¢C CONT INUE
YRITE(E+500) :
€CC FORMAT(Z7X+"EXCITATICNS? ,30X-*TCTAL CYNAMIC FORCESY, BXs*MAYSMETER

* REACINC NC.CF?®)
VEITE(E510)
£1C FORMAT(EX,*"TINE DIST. 1=RT, 1=L7, 2=RT, 2=1LT. 1=RT .,
1 1=L7T. 2=RT . =L T. FOR ROADWAY ITERATIC
ZNY)
WRITE(€,22C)
€20 FCFMAT (5X, *SEC., IN, IN« IN. IN. IN. LB.
1 LB, LB LE. IN®)

WRITE{E€L,S53C)
€20 FCRMAT (4X y'mmmaan weomae - o om - e - - - - o - v
1= = - - cew= mmmmem=t)
IF{YPRT .NE+140)GC TC 2C21
GC TC 4010
4C1C CONTINLE
FETURN
END
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