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1.0 INTRODUCTION

This is Volume IV of "Development of an Improved Overlay Design Procedure
for the State of Alaska." This volume consists of the following:

1. User’s guide to ELSDEF program

2. User’s guide to ELSCRN program

3. User’s guide to BOUSDEF program

4. User’s guide to AMOD program

5. User’s quide to MECHOD program

6. User’s guide to ELSYM5 program
These programs are the fundamental tools for implementing the improved overlay
design procedure developed for Alaska. Each program is used for different
purposes. Specifically, ELSDEF is used to determine pavement layer moduli
from deflection basin data. ELSCRN is an auxiliary tool for use with the
ELSDEF program and it makes ELSDEF much more easy and'friend1y. BOUSDEF is a
backcalculation program. Like ELSDEF, the BOUSDEF determines pavement layer
moduli using deflection basin data. BOUSDEF runs much faster than ELSDEF;
therefore, it can be used for screening data. AMOD is used to determine the
modulus of asphalt concrete mixtures based on laboratory test data. MECHOD is
a computerized procedure for mechanistic overlay design. Finally, ELSYM5S is a
program used to calculate stresses, strains, deformation in a pavement using
layered elastic theory.

It should be noted that this volume does not include all programs that
can be used for pavement analysis and overlay design. The intention of this
volume is to describe only those programs that are needed for implementing the

design procedure developed for Alaska DOT&Pf.



2.0 USER’S GUIDE TO ELSDEF PROGRAM

2.1 Introduction

ELSDEF was modified from the program BISDEF which was developed by the
Corps of Engineers at the Pavement Systems Division, Geotechnical Laboratory,
Waterways Experiment Station. The modification was done by Peter Jordahl of
Brent Rauhut Engineers. The BISAR sub-routine was replaced by ELSYMS, adapted
from the ELSYM5 computer program written by Gale Ahlborn, ITTE, University of
California at Berkeley. ELSYM5 is based on CHEVSL, the original elastic layer
program, which was developed by Chevron Research Corporation. ELSYM5, and
therefore ELSDEF, incorporate several improvements, including the capability
of input multiple equal loads.

ELSDEF has been compiled with the Microsoft Fortran Compiler Version 3.31
to run on IBM-compatible microcomputers. Two compiled versions are available.
ELSDEF.EXE is the standard version and should run on an [BM-compatible micro-
computer. ELSDEF87.EXE was compiled requiring the computer in use to be con-

figured with a 8087 math coprocessor chip.

2.2 Create Data File

ELSDEF is a batch-type program; it does not interactively prompt the user
for data input. A separate file must be created for the data. The user must
build this file as for any file on the computer in use, The data must be
input according to the format shown in Table 1. An example data file is shown

in Figure 2.1. The user can save the data file under any name.



Table 2.1 Input Guide for ELSDEF

Line 1
LINENU NPROB
NPROB = Number of data sets

Line 2
TITLE 72 characters

Note: Lines 2-4 are repeated for each data set.

Line 3
LINENU ND RRD (i) -- -- - -- -- - RRD (ND)
ND = Number of deflection readings (max. 10)
RRD() = Measured deflection in mils )
i = 1to ND
Line 4

LINENU NL TOT MAXIT
NL = Number of variable layers for which the modulus is to be
determined (not to exceed the number of deflections)
TOL = Tolerance in percent for stopping program (usually = 10)

MAXIT = Maximum number of iterations (usually = 3)

Line 5-1 through 5-NL (one line for each unknown modulus)
LINENU ILV(i) EMIN() EMAX(i)
ILV(i) = System layer number for unknown modulus value
EMIN() = Minimum allowable modulus for unknown modulus, psi

EMAX(i) = Maximum allowable modulus for unknown modulus, psi

e



Table 2.1 Input Guide for ELSDEF (Cont.)

Line 6
COL 1-8 COL 9-10(12) COL 11-20(F10.0)

‘PROBLEM* 0.0

Line 7 (optional}

TITLE (20A8)
Line 8
COL 18 COL 9-10(12) COL 11-20(F10.0)
“LOADS" No. of Loads Load Magnitude (Ibs)
Line 9

X, y pairs for load coordinates (16F5.0)
Line 10
coL 1-8 COL 9-10 (12)

"NLAYER" No. of layers

Line 11-1 through 11-NLAYER (one line for each layer)

COoL1-8 COL 9-10(12) COL 11-20(F10.0)
"LAYER" Layer No. “Seed" Modulus
COL 26-30 (F5.0)

Poisson’s ratio

1.0t line 7 is desired, 0 otherwise

COL 21-25(F5.0)

Tire pressure (psi)

COL 21-25(F5.0)

Thickness (in.)

COL 31-32 (Last layer only)

Friction condition {see note)

NOTE: If the bottom layer is given a thickness of zero, the program assumes the

layer is infinite, If a depth is given, a rigid fayer is assumed at that depth. The

friction condition is either "FF" for full friction with the rigid layer of *"NF" for no



Table 2.1 Input Guide for ELSDEF (Cont.)

friction with the rigid layer. Leave the friction condition blank for an infinite

bottom layer.

Line 12
COL 1-8 COLS-10 (12)
*XYOUT" The no. of x,y points for output

Line 13
The x,y coordinates for output (16F5.2). The output point should

correspond to the deflection sensors used.

Line 14
COL 18 COL9-10(12)
ZouUT" 10

Line 15
Blank or zero

Line 16

"END"



ELSDEF Data

File Structure

Line 1 : 010 1
Line 2 : 020 TH 20 MP 216 .
Line 3 : 030 7,18.41, 9.41, 5.45, 3.66, 2.57, 2.00, 1.60
Line 4 : 040 3, 10, 3 '
Line 5 : 050 1, 200000 , 2000000
Line 6 : 060 2, 15000 , 200000
Line 7 : 07C 3, 4000 ,, S0000
Line 8 : PROBLEM
Line 9@ : LOADS 1 10608. 97.
Line 10Q: Q. 0.
Line 11: NLAYER 3
Line 12: LAYER 1 S00000. 5. 0.35
Line 13: LAYER 2 80000. 18. Q.40
Line 14: LAYER 3 10000. 20C. 0.50FF
Line 1S5: XYOUT 7
Line 16: 0. 0. 0. 12. 0. 24, 0. 36. 0. 48. 0. 60. 0.
Line 17: ZaQuT 1
Line 18: 0.
Line 19: END
ELSDEF Data file Interpretation
Line 1 Problem Number
Line 2 : Title
Line 3 : Number of Deflection, Deflection Readings (1-7)
Line 4 : Number of layers, Tolerance, Max. lterations
{.ine 5 : Layer !, Minimum Modulus, Maximum Modulus
Line 6 : Layer 2, Minimum Modulus, Maximum Moduilus
Line 7 Layer 3, HMinimum Modulus, Maximum Modulus
Line 8 PROBLEM -
Line 9 : Loads, Number of Load, Load Magnitude, Load Pressure
l.Line 10: Abscissa of Load Position, Ordinate of Load Position
Line 1i: NLAYER, Number of Layers
Line 12: LAYER 1, Estimated modulus, Thickness, Poisson's Ratio
Line 13: LAYER 2, Estimated madulus, Thickness, Poisson's Ratio
Line 14: LAYER 3, Estimated modulus, Thickness, Poisson's Ratiao
Line 15: XYOQUT, Number of Defliection Positions
Line 16: Abscissa of Position(i), Ordinate of Position(i)
Line 17: ZOUT 1
Line 18: O.
Line 19: END
Figure 2.1. Example Data File for a Three Layer Pavement Structure.

72.



2.3 Execute Program

To run the program, type:

program,data,output
where
program = name of the program you wish to run
data = name of the saved data set you wish to analyze
output = the name under which you want output file to be stored.

Alternatively, if you only input:
program
the computer will prompt you for the appropriate input and output units.
These are specified in both programs with UNIT 5 as input And UNIT 6 as
output. Therefore, when thg machine prompts as follows, respond with:
UNIT 5? data
UNIT 67 output

..2.4 Qutput
ELSDEF writes the output to an ASCII text file under a name specified by

the user. The output includes input data description, calculated deflection,
and moduli. An example output is shown in Table 2.1.
To view the output, the user may use the following method:
a) To view on the screen, type
TYPE <output filename>
b) To obtain a printer output, type
TYPE <output filename> >PRN
where:
TYPE is a DOS command

>PRN stands for sending output to a printer.



Table 2.2 Example Qutput for ELSDEF

THE NUMBER OF PROBLEMS TO BE SOLVED IS 1
PROBLEM NUMBER 1

020 IE 20 MP216
NUMBER OF VARIABLE LAYERS AND TARGET DEFLECTIONS = 3

DEFLECTION READINGS IN HILS

POSITION NO: 1 2 3 4
6 1
DEFLECTIONS: 18.41¢ 9.410 5.450 3.660 2
2.000 1.600
WEIGHTING FACTOR: .054 .106 -183 .273
.500 -625
VARIABLE SYSTEX - VALUE OF VALUE OF
LAYER NO  LAYER NO MAXMUM MODULUS MININUM MODULUS
1 1 2000000.0 200000.0
2 2 200000.0 15000.0
3 3 50000.0 4000.0

ELSYNS - FIVE LAYERED ELASTIC SYSTEM - VERSION 4.5

LATEST REVISION: 81/02/07 - P. R. JORDAHL BRENT RAUHUT ENGINEERING,

SYSTEM NUMBER 0O

NUMBER OF ELASTIC LAYERS = 3
NUMBER OF LOAD LOCATIONS = 1
NUMBER OF OUTPUT LOCATIONS= 7
NUMBER GF OUTPUT DEPTHS = 1
ELASTIC POISSONS
LAYER HODULUS RATIO THICKNESS (IN.}
1 500000. L350 5.000
2 80000. .400 18.000
3 10000. .500 200.000

LOARD DESCRIPTION:

LOAD FORCE = 10608.
TIRE PRESSURE = 97.
LOAD RADIUS = 5.90

.570

.389

INC.



Table 2.2 Example Qutput for ELSDEF (Cont.)

LOADS LOCATED AT:
oAb X Y
1 .000 .000

RESULTS REQUESTED FOR SYSTEM LOCATION(S)

X-Y POINT(S)
X Y
.00 .00
.00 12,00
.00 24.00
.00 36.00
.00 48.00
.00 60.00
.00 72.00

DEPTHS = .00

POSITION DEFLECTION MEASURED DIFFERENCE % DIFF.

1 14.2040 18.4100 4.2060 22.8
2 8.5957 9.4100 .8143 8.7
3 6.6008 5.4500 -1.1508 -21.1
4 4.8949 3.6600 -1.2349 -33.7
5 3.6515% 2.5700 -1.081S -42.1
6 2.7158  °  2.0000 ~-.7158 ~35.8
1 1.9899 1.6000 -.3899 ~24.4
ABSOLUTE SUM: 9.5932 188.5957
ARITHKETIC SUM: ~125.5949

. DATA FOR DEVELOPING EQUATIONS FOR ITERATION NO. 1

LAYER INITIAL  CHANGED OFFSET DEFLECTIONS
-NO. MODULUS  MODULUS DISC. INITIAL CHARGED READINGS

R T T S L N I I I T T
1 500000. 2000000. .00 14.204 11.248 18.410

12,00 8.596 T.554 9.410

24.00 6.601 6.214 5.45%50

36.00 4.895 4.662 3.660

48.00 3.651 3.513 2.570

60.00 2.716 2.653 2.000

72.00 1.930 1.977 1.600

Rk Rk A R AR AR R R RN AR R R R R R AR AR AR R A R AR AR R R AR AR AR R N AR R AR AR R AR R R R KRR KRR
2 80000. 200000, .00 14.204 10.220 18.410

12.00 8.59¢6 5.827 9.410

24.00 6.601 5.242 5.450

36.00 4.895 4.175 3.660

48.0¢ 3.651 3.306 2.570

60.00 2.716 2.597 2.000

72.00 1.990 2.000 1.600
AR R AR R R R AR AR KRR R R AR A R ARk R R R R AR AR R A AR R AR R AR AR AR RARR AR
3 10000. $0000. .00 14.204 7.8513 18.410

12.00 8.596 3.l04 9.410

24.00 6.601 1.890 5.450

36.00 4.895 1.136 3.660

48.00 J.651 . 741 2.570

60.00 2.716 .499 2.000

72.00 1.990 REY §1 1.600

ﬁl‘lt.tﬂl‘tl.tltttlttt‘tlkﬁ!ﬁﬁl.ttt&l.t*tt‘ktﬂﬁRﬁttltltttllt.ﬁﬁl‘ttt‘ L E ¥ 1

9



Table 2.2.

PREDICTED E DISREGARDING BOUNDARY CONDITIONS

2674272, 11004. 27638.

PREDICTED E RESPECTING BOUNDARY CONDITIONS

Exampte Output for ELSDEF (cont.)

2000001. 15450. 24205.
POSITION DEFLECTION HEASURED  DIFFERENCE % DIFF.
1 11.942% 18.4100 6.4679 35.1
2 8.4542 9.4100 .9558 10.2
3 5.2232 5.4500 .2268 4.2
4 2.9453 3.6600 L7147 19.5
5 1.6586 2.5700 L9114 35.5
6 .9793 2.0000 1.0207 51.0
7 L6152 1.6000 .9848 61.5
ABSOLUTE SUM: 11.2822 217.0276
ARITHMETIC SUM: 217.0276
AVERAGE:  31.003%  31.0039

DATA FOR DEVELOPING EQUATIONS FOR ITERATION NO. 2

LAYER  INITIAL  CHANGED OFFSET DEFLECTIONS

_ NO. MODULUS  KODULUS pISC. INITIAL CHANGED RERDINGS
tttt*k*nktttt*t*kkttttt**ktt*t*ttkttttttttt*ttttt*t*ttt*tttt*tttttt*tktt

1 2000001, 1414214, .00 11,942 13.529 18.410
12.00 8.454 ° 9.195 9.410 .

24.00 5.223 5.303 5.450

36.00 2.945 2.833 3.660

48.00 1.659 1.558 2.570

60.00 .9179 .930 2.000

72.00 .615 .602 1.600
tttattlktttttttttttttttﬁﬂtttttttttltttttttttktttttkﬁkttttttttktlﬁl:tttkt

2 15450. 15336. .00 11.942 11.966 18.410

12.00 8.454 8.474 9.410

24.00 5.223 5.235 5.450

36.00 2.945 2.951 3.660

48.00 1.659 1.660 2.5170

60.00 .579 .979 2.000

72.00 .615 .615 1.600
tﬁtttllttttttttttltktttltttttt‘tltlttktttﬂﬁtltttt*ttlttttttﬁtnlltltttﬁ*l

3 24205. 19405. .00 11.942 12.967 18.410

12.00 8.454 9.317 9.410

24.00 5.221 6.016 5.450

16.00 2.945 3.557 3.660

48.00 1.6%9 2.096 2.570

60.00 .979 1.277 2.000

72.00 .61% .810 1.600

**klntllﬁt*ﬁﬁlttttltﬁﬂQntitttﬁﬂ!l‘lltlttﬁtllﬁtttttllﬂtﬁttitﬁtulnlttttlll

PREDICTED E DISREGARDING BOUNDARY CONDITIONS

554966. 34597. 149%8.

10



Table 2.2 Example Output for ELSDEF (Cont.)
POSITION DEFLECTION NEASURED DIFFERENCE & DIFF.

1 16,3138 18.4100 2.0962 11.4
2 9.8565 9.4100 —-.4465 -4.7
3 5.9896 5.4500 -.539%6 -9.9
4 3.7895 3.6600 -.1295 -3.5
5 2.5266 2.5700 .0434 1.7
6 1.7274 2,0000 .2726 13.6
1 1.1867 1.6000 -4133 25.8

ABSOLUTE sUM: 3.9410 70.7167

ARITHMETIC SUNM: 34.3480

AVERAGE: 10.102¢  10.1024

DATA FOR DEVELOPING EQUATIONS FOR ITERATION NO. 1

LAYER  INITIAL  CHANGED OFFSET DEFLECTIONS
NO. MODULUS  MODULUS DISC. INITIAL CHANGED READINGS

AR AR R AR AR R AR R AR AR R KR A AR R AR AR R R R R AR AR AR R AR R AR AR R R A KRR AR RRRRRRRK
1 554966. 429989. .00 16.314 17.341 18.410

12.00 9.856 10.049 9.410

24.00 5.990 5.976 §.450

36.00 3.790 j.lel 1.660

48.00 2.527 2.526 2.57¢

60.00 1.727 1.728 2.000

72.00 1.187 1.187 1.600

[ E 33282223 3432823203331 23 3830423833223 0238223222233 3 273333333339
2 34557. 28257. .00 16.314 17.590 18.410

12.00 9.856 10.690 9.410

24.00 5.990 6.287 5.450

36.00 3.790 3.846 3.660

48.00 2.527 2.508 2.57¢

60.00 1.727 1.693 2.000

12.00 1.187 1.156 1.600
AR KRR AR R KRR A AR AR AR AR KRR R AR R AR R R AR AR AR AR RN R AR AR R R AR AR Rk Rk kA
3 14958. 10757. .00 16.314 18.579 18.410

12.00. 9.856 11.667 9.410

24.00 5.990 . 71.691 5.45C

36.00 3.790 5.122 3.660

48.00 2.527 j.sa8 2,570

60.00 1.727 2.465 2.000

72.00 1.187 1.718 1.600

KER A RN R R R AR AN AR AR AR R E AN RN R AR R AR R AR AR AR AR AR R XRXTRARARRRARRARNERR

PREDICTED E DISREGARDING BOUNDARY CONDITIONS
509037. J4684. 15236.

POSITION DEFLECTION  MEASURED DIFFERENCE % DIFF.

1 16.5186 18.4100 1.8914 10.3
2 9.8182 9.4100 -.4082 -4.3]
] 5.8952 5.4500 -.4452 -8.2
4 3.7200 3.6600 -.0600 -1.6
S 2.4786 2.5700 .0914 l.6
6 1.6916 2.0000 .3064 15.3
7 1.1631 1.6000 .4369 21.3
ABSCLUTE SUM: J.6395 70.6045

ARITHMETIC SUH: 42.3133

AVERAGE: 10.0864¢ 10.0864
THE FINAL HODULUS VALUES ARE
5090137. J4684. 15236.

CHANGE IN HODULUS VALUES ARE IN TOLERANCE
kaune END QOF PROGRAM anens

11



3.0 USER’S GUIDE TO ELSCRN PROGRAM

3.1 Introduction

ELSCRN was developed exclusively for use with ELSDEF87.EXE which is a
program for backcalculating pavement layer moduli. The ELSDEF87 program does
not have a data file creating and editing routine so the user has to use some.
type of word processor software to create and/or edit a data file for the
ELSDEF87 program to run. This process (used to create and edit a data file)
can easily lead to errors. A misplaced decimal point may cause a computation
error or crash the execution. The ELSCRN program eliminates this problem so
the user needs not be concerned with the format of the data file. ELSCRN
program provides a screen input and edit routine. A1l the data input and
subsequent editing can be implemented in a user-friendly environment. ELSCRN
also allows the user to execute the ELSDEF87 program directly under the ELSCRN
environment. The output result may also be viewed on'screen or printed out by
following the program manual instructions. Figure 3.1 shows the menu screen
of the program. Four selections can be made: create, edit, run, and print.

A more detailed description of each of these follows.

3.2 Create Data File

This option allows the user to create a data file for ELSDEF87. By
pressing key C (Create) in the menu screen (Figure 3.1}, tﬁe program will
display a data input screen, as shown in Figure 3.2. A file name is required
to store data.

The data input screen is a very user-friendly environment. The user may
use cursor keys on the right of the keyboard to move the cursor to any field
and input data required. After entering all necessary information, the user
may press Esc {Escape Key) to save the data.

12



SCREEM DATH IMNPUT/EDIT FOR ELIDEF FROGRAM

Develaped by
Haiping Ihau R.G. Hichs
Fesearch Ass't Froafese oo
Civil Engivneering Departmert
Oregor State Univerzity
Corvallis, QR G733t

CY‘EE\tE EDIT e p“r"ll'r’lt

e o s s i i e e S A e e cen ey o ot e e e o

Use or to Select 4t Activate E=sc to Exit

Figure 3.1. ELSCRN Menu Screen.

Title: Highway File in Use: EXAMPLE
Number of t{cad{(s)s: 1 Lcad Focrce (lbs): 3000 Lecad Radius: S, 30
Loaad Cacrdinatess X1 Q. ¢ X2 0.0 X3 Q.0 X4 Q
Yi Q.¢  vy2 Q.0 Y3 Q.0 Y4 3, Q ’
Numbey of Layer(s}: O ‘
Layer Thickress Miriimumn Maximurm Seed Paisean
No. (inch. ) Modulus Modulus Modulus Ratic
1. 0.0 < Q Q Q. QQ
2. 0, Q o Q Q Q. QQ
3. Q. Q < Q Q Q. QQ Fricticrn
4. 0.0 O Q Q Q. OQ Conditicon
S. Q,Q < Q Q Q. QQ (NF/FF3 FF

Deflecticr Basin Data:
Number of Sernscr Readings: O

Deflecticn Readirigs (mil): Q. QO Q. Q0 Q. Q0 Q. GQ <, QO Q. QQ C QO
Sernscr Locations (ir.) X= Q,Q Q. Q Q.G Q. O Q. Q Q. Q Q. Q

Y= Q.Q Q. Q Q. Q. Q. Q . Q Q. Q
Tolerarce (X): 10 Max. [teraticrns: 3 Fress (Escl ta Save Data ard Exit

PEISIUITS MUY SpIpp—

Figure 3.2. Screen Data Input/Edit,

13



The following data are needed:

1.

10.

11.

12.
13.

Title (optional) - can be any combination of characters and
numerical numbers.

Number of load {required) - for FWD, the number of load is 1.

Load force (required) — in 1bs.

Load radius (required) - in inches.

Load coordinates (required) - for FWD load, the coordinates are
set at X1 = Y1 = 0.

Number of layers (required) - total pavement layers, including
subgrade.

Thickness of each layer (required, except subgrade) - in
inches.

Minimum and maximum modulus (required) - in psi. These values
are used to set up the range of possible modulus. If one
layer’s modulus is fixed, then the minimum, maximum, and
seed moduli should have the same value.

Seed modulus (required) — an initial modulus for program to
determine final modulus.

Poisson’s ratio (required) — for asphalt concrete, Poisson’s
ratio = 0.35. Dimensionless.

Friction condition (required) - full friction or nonfriction
between layers.

Number of sensor readings (required) - maximum 7.

Deflection readings (required) — in mils (1073 in). Readings

start from ltoad center line,

14



14. Sensor Tocations (required) - in inches. Starts from load
centerline. Ffor FWD, Y vaiues are equal to O.

15. Tolerance (required) - deflection error tolerance to stop
program execution. Usually set at 5-10%.

16. Iterations (required) - usually set at 3 iterations.

3.3 Edit Data File

This option allows the user to edit a data file that has been created
previously. By pressing key £ (Edit) in the menu screen (Figure 3.1) and
providing a file name to be edited, the same screen used to create the data
file will be displayed. The information saved in the existing data file will
be shown in corresponding fields. The user may use cursor keys to move to

each field and edit. Again, press Esc key to save edited data.

3.4 Run ELSDEF87 Program

This option allows the user to run the ELSDEF87 program directly in the
ELSCRN program environment using the data file previously created. By press-
ing key R (Run) in the menu screen and providing a file name, the ELSDEF87
program will be linked and executed. A message "Analyzing ..." will be shown
on the screen, telling the user the program is running. The program will beep
after the computation is completed. It should be noted that the program will
not ask for output file name. The output will be saved in a file with an
extension OUT. For example, if a file has name TEST.DAT, the output will be
saved in TEST.OUT.

3.5 Print Qutput

This option allows the user to print the output results to either screen

or printer. By pressing key P (Print) in the menu screen and providing a file

15



name, the program will print the resuits to the specified destination. A

printer must be connected and on-line if the output is going to be sent to the

printer.
3.6 Summary

The ELSCRN program is oniy an auxiliary tool for use with the ELSDEF87
backcalculation program. The intention of developing this program was to make
using ELSDEF87 easier. There are no calculations carried out by ELSCRN and no

theoretical basis for this program.
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4.0 USER’S GUIDE TO BOUSDEF PROGRAM

4.1 Introduction

BOUSDEF was developed at Oregon State University and used to determine
in-situ pavement layer moduli using deflection data through backcaleulation
technique. The program is based on the method of equivalent thickness and
Boussinesq theory. The backcalculated moduli may be used for evaluating the
existing pavement and/or mechanistic overlay design.

BOUSDEF is an integrated program which includes creating, editing, and
analyzing a data file. A menu screen of the program is shown in Figure 4.1.

Five selections can be made and each of them is discussed in the following.

4.2 Create a Data File

This option allows the user to create a data file for later analysis. By
pressing key C (Create) in the main menu, the program will ask for a file name
and display a data input screen as shown in Figure 4.2.

The data input screen provides a friendly environment for data entry.

The user may use cursor keys on the right of the keyboard to move the cursor
to any field and enter required data. After entering all necessary informa-
tion, the user may press Esc (Escape key) to save the data.

The following information are needed:

1. Number of layer (required) - total pavement layers, including
subgrade.

2. Number of layer for modulus (required).

3. Tolerance (required) - deflection error tolerance to stop
program execution. Usually set at 5-10%.

4. Number of iterations (required) - usually set at 3 iterations.
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FROGRAM

MR ME MU

P —irmtn, e o g i e e - e 2y e g e st

-3 [ e
1] .

N

e

Create &

Amalvze «

Data File
EDIT A DATA FILE

Pfrimt Re=sult
Operating Svetemn

Data File

Figure 4.1.

BOUSDEF Program Main Menu.

BOUSDEF DATA INPUT/EDIT SCREEN

Numbeyr of Layer: Q Number of Layer for Moadulus: ) }
Talerance (%) 3 1iQ Nunber <f Iterations : 3 |
NDT Load (1b) 5 Q Load Plate Radius {(irches) : 0.00 |
'

Layer Layer Thickrniess Pocisson Mirdimum Maxirmum Initial i
riCia for M (inches) Ratia Modulus Modulus Mcdulus |
1. b Q. Q Q. 00 Q Q Q !
2. 1 Q. Q G Q0 < Q Q i
3. i Q. Q Q. Q0 ] O Q !
b, Q Q. Q Q. 00 i\ < Q |
5. Q Q. ¢ Q.00 < Q (] H
6. Q (PR Q.00 0 Q Q |

d

Number of Sernscrs: Q ;
Senscr Spacings Q. QQ Q. Q0 Q, 00 Q. Q0 0, Q0 [A P ale} QL 00 j
Number of Testing Locations: O |
Location | Q. 0Q Q. Q0 Q, Q0 Q. Q0 Q.00 Q.00 Q.00 |
Laecation 2 Q. QQ Q. Q0O Q. Q0 Q. Q0 Q.00 Q. Q0 Q. QO |
Lecatican 3 Q. O Q.00 Q, Q0 Q. QQ 0, Q0 Q. Q0 Qe O |
Location 4 ¢, QQ Q. 00 Q. Q00 Q. 00 Q. Q0 Q. QQ Q. Q) |
Location S Q. QQ Q. 00 Q. Q0 Q. QG Q. QQ QL Q0 Q, QQ |

']

File Name: EXAMPLE

Figure 4.2.

PFress Esc to

Save Data & Exit

BOUSDEF Data Imput/Edit Screen.
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5.

10.
11.

12.

13.

Layer for modulus (required) — 1 for calculating modulus for
the layer. In this case, minimum, maximum, and initial
modulus must be provided. 0 for not calculating modulus
for the layer. In this case, minimum and maximum moduli
are not required. Initial modulus must be given and is
treated as fixed value for the layer.

Layer thickness (required, except subgrade) - in inches.

Poisson’s ratio (required) - for asphalt concrete, Poisson’s
ratio = 0.35. Dimensionless.

Minimum and maximum modulus (required if modulus for the layer
needs to be backcalculated) - in psi. These values are
used to set up the range of possibie modulus.

Initial modulus (fequired) - if layer for modulus is set at 0,
this value will be used as a fixed modulus for the layer.

Number of sensors (required) - maximum 7.

Sensor spacings (required) - in inches. Starts from load
center line.

Number of testing location (required) - maximum 5 locations can
be entered.

Locations (required) - deflection readings at test locations.
Maximum 7 deflections can be entered for each test loca-

tion.

The input data are stored in a text file in an ASCII form and can be

accessed and edited by the program or by other word processor software. An

example of input data is shown in Figure 4.3.
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FILE FORMAT:

Linel: FILENAME: EXAMPLE
Line2: 3,3,5,5

Line 3: 14696,9

Line4: 1,200000,1000000
Line 5: 2,20000,100000
Line 6: 3,10000,100000
Line7: 11,.3,300000

Line 8: 15,.35,50000

Line 9: 240,.45,25000
Line10: 4,0, 18 ,36, 60
Line1l:1

Line 12: 6.47 , 4.27 ,2.34 , 1.47

INTERPRETATION:

Linel - File name .

Line 2 - ¢ layers, # layers for modulus, § tolerance, § iterations
Line 3 - NDT load in 1bs, contact presure inpsi

Line 4 - First layer, minimum modulus (psi), maximum modulus (psi)
Line 5 - Second layer, minimum modulus, maximum modulus

Line 6 - Third layer, minimum modulus, maximum modulus

Line 7 - First layer thickness (inch), Poisson ratio, Initial modulus
Line 8 - Second layer thickness (inch), Poisson ratio, Init. modulus
Line 9 - Third layer thickness (inch), Poisson ratio, Init. modulus
Line 10 - # of sensors, radial distances from load plate center

Line 11 - # of test location for modulus

Line 12 - Deflection readings at different sensor locations

Figure 4.3. Example of Data File.
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4.3 Edit Data File

This option allows the user to edit a data file that has been created
previously. By pressing key E (Edit) in the menu screen (Figure 4.1) and
providing a file name to be edited, the same screen used to create the data
file will be dispiayed. The information saved in the existing data file will
be shown in corresponding fields. The user may user cursor keys to move to

each field and edit. Again, pres Esc key to save edited data.

4.4 Analyze a Data File

This option allows the user to analyze a data file that has been created
previously. By pressing key A (Analyze) and giving the file name to be
analyzed, the analysis will begin. The program will return to the main menu
after the computation is completed. The analysis results are stored in an
ASCII text file which includeé the following:

1. Reprint of the input data.

2. Calculated deflection for the specified layers and sensor

Tocations.
3. Calculated modulus for the specified layers.
4. Final moduli for each layer of the pavement structure.

An example of output is shown in Figure 4.4.

4.5 Print Result

The result may be viewed on screen or printed to a printer. By pressing
key P (Print) and giving the file name to be printed, the program will ask if
the output is to be sent to screen or printer. Press key S for screen or P
for printer; the output will be sent to the specified designation. A printer

must be connected and on-line if the output is going to be printed out.
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PROBLEM NUMBER: 1

DEFLECTION READINGS IN MILS:

POSIT NO DEFLEC WT. FACTOR
1 6.470 0.155
2 4.270 0.234
3 2.340 0.427
4 1.470 0.680
VARIABLE LAYER NO: VALUE OF MIN MODULUS: VALUE OF. MAX MODULUS:
1 ' 200000 1000000
2 20000 - 100000
3 10000 100000

ALL MODULUS IN PSI

ESTIMATED PROPERTIES OF PAVEMENT f 1

NUMBER OF LAYER CONTACT PRESSURE RADIUS OF AREA
3 57.75 9
RADIUS POSITION FOR DEFLECTION CALCULATION
0.00 18.00 36.00 60.00
INITIAL MODULUS POISSON’S RATIO LAYER DEPTH
300000 0.30 11.0
50000 ; 0.35 15.0
25000 0.45 SEMI-INFINITE

RADIA

LAYER

SPECIFIED TOLERANCE - 5
MAX NUMBER OF ITERATIONS = 5

TABLE OF DEFLECTIONS BASED ON INITIAL ESTIMATED MODULUS —————-—
L POSTIONS CALCU DEFLE MEASURED DEFLE DIFFERENCE % DIFFERENCE
1 12.155 6.470 -5.685 ~-87.861
2 7.345 4.270 -3.075 =72.003
3 4.383 2.340 ~2.043 -87.293
4 2.630 1.470 ~1.160 -78.935

ABS SUM OF DIFF: 11.96
ABS SUM OF 3IDIFF: 326.09

MTH SUM OF tDIFF: ~326.09

DATA FOR DEVELOPING EQUATIONS FOR ITERATION 4

INITIAL CHANGED OFFSET DEFLECTIONS

MODULUS MODULUS DIST. INITIAL CHANGED READING

775873 552841 0 6.490 7.280 6.47
18 4.209 4.368 4.27
36 2.439 2.437 2.34
60 1.413 1.403 1.47

Figure 4.4, Example Output from BOUSDEF.

22



2 55983 43281 0

18
36
60

3 46915 46079 o

18
36
60

PREDICTED E DISREGARDING BOUNDARY CONDITIONS:

768455 57248

RADIAL POSITION CALCU DEFLE MEASURED DEFLE DIFFERENCE t D

THE FINAL MODULUS VALUES ARE:

1 6.488
2 4.201
3 2.439
4 1.416
768,455 57,248

END OF PROBLEM 1

Figure 4.4. Example Output from BOUSDEF (Continued).

46803

TABLE OF DEFLECTIONS

6.470
4.270
2.340
1.470
ABS SUM OF DIFF :
ABS SUM OF {DIFF:
MTH SUM OF LDIFF:
AVE SUM OF DIFF :
AVE SUM OF %DIFF:
t OF MODU CHANGE:

46,803

6.490 6.841 6.47
4.209 4.453 4.27
2.439 2.519 2.3¢4
1.413 1.422 1.47
6.490 - 6.544 6.47
4.209 4.260 4.27
2.439 2.479 2.34
1.413 1.439 1.47
IFFERENCE
-0.018 -0.285
0.069 1.624
-0.099 -4.214
0.054 3.682
0.24
9.81
0.81
0.06
2.45
2.26

MODULUS VALUES ARE IN TOLERANCE.
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4.6 QOperating System (DQS)

This option allows the user to leave the BOUSDEF program temporarily and
work in the DOS environment. To return to the BOUSDEF program, type EXIT in
DOS and press ENTER key.
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5.0 USER’S _GUIDE TO AMOD PROGRAM

5.1 Introduction

AMOD is a computer program deveioped by Alaska DOT&PF.

AMOD computes the

modulus of asphalt concrete mix for the giVen properties of the asphalt and

aggregate using a reiationship developed by the Asphalt Institute. The

computed modulus can be used for the following purposes:

1.

2.

provide reference information for estimating asphalt concrete
layer modulus

provide input to mechanistic overlay design.

5.2 Program Input

The program inputs include the following:

1.
2.
3.

o P

6.

void ratio (%)

penetration

percent asphalt content by weight
percent aggregate passing the 200 sieve
temperature at time of test (°F)

frequency of loading (Hz).

A set of default data is also included in the program. These are: void ratio

1]

[}

5.3 Proqram Output

The output of this program is modulus of an asphalt concrete mix.

the above default data, the modulus is calculated to be 1,371,823 (psi).

25

3%; penetration = 200; asphalt content = 6%; aggregate passing the 200 sieve
5%; temperature at time of test = 50%; and frequency of loading = 40 Hz.

For
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changing any of the parameters, a corresponding modulus will be calcuiated and

displayed on the computer screen.

5.4 Program Execution

To execute the program, type AMOD and press ENTER key; the following

screen will then be displayed.

PRESS APPRCPRIATE NUMBER TO CHANGE DEFAULT VARIABLES

1. VOID RATIO = 3

2. PENETRATION = 200

3. ABSOLUTE VISCOSITY @ 70 DEG F. = 2640662
4. % ASPHALT BY WI. OF TOTAL MIX = 6

5. PERCENT PASSING THE 200 SIEVE = 5

6. TEMPERATURE AT TIME OF TEST (F) = 50

7. FRBEQUENCY OF LOADING IN HZ. = 40

8. END )

THE MODULUS FOR THE ASPHALTIC CONCRETE MIX IS: 1,371,823 (PSI)

By pressing an appropriate number to change default variables (for
example, press 1 to change void ratio), the corresponding modulus for the

asphalt concrete mix will be calculated and displayed.
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6.0 USER’S GUIDE TO MECHOD PROGRAM

6.1 Introduction

The MECHOD program is a computerized procedure for MECHanistic Overlay
Design. A detailed description of the design procedure may be found in the
Appendix. The MECHOD program consists of two parts; one is for determining
pavement damage and the other is a modified ELSYMS (ELSYMZ.EXE) which is used
to calculate pavement strains. The main program MECHOD uses the strains
determined using ELSYM5 program to calculate fai]ure repetitions and total
pavement damage. For pavements with total damage greater than 100 percent, an
overlay thickness may be assigned and the program will automatically reload
the ELSYMS program, calculate pavement strains and determine total pavement
damage after overlay. This procedure is repeated until pavement damage is
less than one. |

Seasonal variations in traffic and pavement materials properties is also
considered in this program. This is done by breaking traffic applications and
pavement layer properties into four seasons and considering the pavement
damage separately. The total pavement damage is then the sum of damage within
each season.

The MECHOD program was develcped considering the use of an FWD loading
condition; therefore, only one load is required. Figure 6.1 shows the program
main menu. Four selections can be made and each of them is discussed in the

following.

6.2 Create a Data File

This selection allows the user to create a data file for later analysis.
By pressing key C (Create) in the main menu, the program will ask for a file

name and display a data input screen as shown in Figure 6.2.
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PROGRAM  MAIN MENU

EDIT A DATA FILE
Create a data file
Analyze a data file
Operating system (DOS)

Figure 6.1 MECHOD Program Main Menu.

Load Data: File in Use
1oad Force (ibhs): 0 Load Radius (in.): 0.00 EXAMPLE

Layer Properties:
Mumber of Layers: O

Season(s) for Anal}sis
Layer Thickness Spring (Y) Summer- (N) Fall (N) Winter (N)

No. (inch.) Modulus Pois Modulus Pois Modulus Pois Modulus Pois
1. 0.0 1000000 0.35 0 0.00 0 0.00 0 0.00
2. 0.0 12500 0.45 0 0.00 0 0.00 0 0.00
3. 0.0 500000 0.40 0 0.00 0 0.00 0 0.00 “
4. 0.0 0 0.00 0 0.00 0 0.00 0 0.00
5. 0.0 0 0.00 0 0.00 ¢ 0.00 0 0.00

Traffic Data:

Hist. Repetitions: 0 0 0 o

Future Repetitions: 0 0 0 0

Reliability Level (%): 50 (Optional. default @ SC %)

Standard Deviation: 0.45 (Cptional, default @ 0.45)

(F10] = Save & Exit [F8] = Run (Esc] = Fxit (No save)

Figure 6.2. MECHOD Screen Data Input/Edit.
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The data input screen provides an easy data entry environment. The user
may use cursor keys on the right of the keyboard to move the cursor to any
field and enter required data. After entering all necessary information, the
user may press [F10] key to save the data, or [F8] key to run the data, or
(Esc] key to exit without saving the data. The following information is
needed:

1. Load force (required) — in 1bs.

2. Load radius (required) — in inches.

3. Number of layer (required) - total p&vement layers, including
subgrade.

4. Seasons for analysis (required) - can be one season or all
seasons. Y stands for yes and N for no.

5. Layer thickness (réquired, except subgrade) - in inches.

6. Modulus and Poisson’s ratio (required) - for seasons that will
be analyzed, the modulus and Poisson’s ratio are required.

7. Traffic data (required) - both historical and future traffic
repetitions.

8. Reliability level (optional) — percent, (default is set at
50%).

9. Standard deviation (optional) - 0.4 to 0.5 for flexible

pavements, (default is set at 0.45),

6.3 Edit a Data File

This option allows the user to edit a data file that has been created
previously. By pressing key E (Edit) or 2 in the main menu and giving a file
name to be edited, the same screen (Figure 6.2) used for creating a data file

will be displayed. The information saved in the existing data file will be
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shown in corresponding fields. The user may use cursor keys to move to any
field and edit the existing information. Again, follow the bottom menu for

next step.

6.4 Analyze a Data File

This option allows the user to analyze a data file that has been created
previously. By pressing key A (Analyze) or 3 and giving the file name to be

analyzed, a message "Computing ..." will be shown on screen (Figure 6.3).
Analysis results will then be displayed. An example is shown in Figure 6.4.
[f an overlay is needed, the program will assume an overlay thickness of 1
inch and ask the user for modulus of overlay material for the season(s) being
analyzed (Figure 6.5). This allows different paving materials to be consid-
ered for overlay designs.

The overlay design procedure is a repeated process with an increment of
0.5 inch. This procedure is carried out by the progrém automatically until
the total pavement damage is less than unity and the recommended overlay
thickness will then be displayed. The output will be saved in a file with an
extension OUT. For examplie, if a file has name TEST.DAT, the output will be

saved to TEST.OUT. An example output is shown in Figure 6.6.

6.5 Operating System (D0S)

This option allows the user to leave the MECHOD program temporarily and
work in the DOS environment. To return to the MECHOD program, type EXIT in
DOS and press ENTER key.
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PROGRAM MAIN MENU

Edit a data file

Create a data file
ANALYZE A DATA FILE
Operating system (DOS)

File name: example

Computing .....

Figure 6.3. Screen for Data Analysis.

Reliability = S50 Standard Dev. = 0.45
Layer Thickness (inches): 5.0 12.0

Seasons Surface Calculated Traffic Failure Repetitions Damage
Modulus  Starins Repetitions Surface Subgrade Ratio%
(ksi) AC. Subg. Past Future AC Subg

Spring 400 324 —603 S00000 1000000 4.00E+05 3.61E+05 375 415
Total damage = 375.4 % for surface, 415.3 % for subgrade

OVERLAY OR RECONSTRUCTION. THE REMAINING LIFE OF SURFACE IS LESS THAN 20 %
OVERLAY OR RECONSTRUCTION. THE REMAINING LIFE OF SUBGRADE IS LFSS THAN 20 %

Figure 6.4. Example Output Showing Overlay is Needed.
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|
Moduius of Overlay Material for season(s)
being analyzed i3 required and should be
input in the following (in psi).

For Spring < 400000 > ? 600000

Figure 6.5. Modulus of Overlay Material Can Be Considered.

Reliability = 50 Standard Dev. = 0.45
Layer Thickness (inches): 5.0 12.0

Seasons Surface Calculated Traffic Failure Repetitions Damage
Modulus Starins Repetitions Surface Subgrade Ratio%
(ksi) AC. Subg. Past Futwre AC Subg

Spring 400 324 603 S00000 1000000 4.00E+0S 3.61E+05 375 415
Total damage = 375.4 % for surface, 415.3 % for subgrade

OVERLAY OR RECONSTRUCTION. THE RMINING LIFE OF SURFACE IS LESS THAN 20 %
OVERLAY OR RECONSTRUCTION. THE REMAINING LIFE OF SUBGRADE 1S LESS THAN 20 %

Overlay thickness = 1.0 in.

Spring 400 261 468 500000 1000000 8.14E+05 1.12E+06 184 133
Total damage = 184.3 % for surface, 133.4 % for subgrade

Overlay thickness = 1.5 in.

Spring 400 237 421 500000 1000000 1.12E+06 1.81E+06 134 83
Total damage = 134.1 % for surface, 83.0 % for subgrade

Overiay thickness = 2.0 in.

Spring = 400 216 -381 500000 1000000 1.52E+06 2.82E+06 99 53
_Total damage = 98.8 % for surface, 53.1 % for subgrade

Recommendation: use 2.0 in. overlay.

Figure 6.6. Example OQutput.
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7.0 USER’S GUIDE TO ELSYM5 PROGRAM
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FORWARD

This program documentation was written for the microcomputer
versicn of ELSYM5., The program was developed as part of a
project to convert existing mainframe pavement design and
analysis programs to run on a microcomputer. It serves as a
user's guide for the preparation of data and execution of
the program. Included is a summary of the background theory
upon which ELSYMS is based.

ELSYMS is a computerized procedure that models a three-
dimensional idealized elastic lavered pavement system. The
microcomputer version operates on IBM-PC and compatible
computers and includes an input processor for creating and
modifying data sets.

This report was prepared by SRA Technologies, Inc. Stuart
Kopperman was the Principal Investigator and Stephen Burnham
was the COTR.

Additional copies of this report may be obtained from the
National Technical Information Service, Springfield,
Virginia 22161.

NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation, fFederal Highway Administration
in the interest of information exchange. The United States
Government assumes nog liability for its contents or use
thereof.

The contents of this report reflect the views of the
authors, who are solely responsible for the facts and the
accuracy of the data presented herein. The contents do not
necessarily reflect official policy of the United States
Department of Transportation.

This report does not constitute a standard, specification,
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Introduction

I. INTRODUCTION

ELSYME is a computerized procedure that models a three-
dimensional idealized elastic lavered pavement system. The
pavement may be loaded with one or more identical uniform
circular loads normal to the surface of the pavement. The
program computes the various component stresses, strains.,
and displacements along with principal values at locations
specified by the user, within the lavered pavement.

The ELSYMS computer program was developed at the University
of California at Berkeley. It is a modification of the
LAYERS program allowing consideration of multiple loads as
well as the presence of a rigid base below the subgrade.

Several microcomputer versions of the program have been
developed. This version, for IBM-PC and compatible com-
puters, was developed for the Federal Highway Administra-
tion. It combines the original program with an input
processor and enhanced output options.

This manual summarizes the background of the ELSYM5 proce-
dure. A full user's guide to input data preparation and
program execution is provided. A sample session is included
to familarize the user with the exectution of ELSYMS on the
microcomputer.
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I1, BAackGROuUND

ELSYMS is a computer program that will determine the various
component stresses, strains, and displacements along with
principal values in a three-dimensional ideal elastic
lavered pavement system. The layered pavement is loaded
with one or maore identical unifaorm circular locads normal to
the surface of the pavement. This section of the manual
summarizes the development of the procedure and the interac-
tive microcomputer system based on the procedure. Much of
the background information on ELSYMS was extracted in part
from Reference 1.

v f Pr d

ELSYM5 was developed by Gale Ahlborn of the Institute of
Transportation and Traffic Engineering (ITTE) at the
University of California at Berkeley. It is based on the
LAYERS elastic lavered computer model, with the ability to
consider multiple loads as well as the presence of a rigid
base below the subgrade. The coordinate system in ELSYMS
was also changed from a cylindrical system in LAYERS to a
three-dimensional cartesian system.

ELSYM5 has been used as a stand-alone mainframe analysis
program and has been modified by many users to suit their
requirements. One typical modification was the increase
from 5 to 50 lavers in the analysis by the University of
Texas. The procedure has also been incorporated into many
other pavement design and analysis program.

The program assumes that each laver is composed of a
weightless, homogeneous, isotropic material. The material
behaves in an ideally elastic manner, according to Hocke's
Law. Each layer is of uniform thickness and infinite width
in all horizontal directions. The bottaom elastic layer may
be semi-infinite in thickness or may be given a finite
thickness, in which case the program assumes the bottom
elastic layer is supported by a rigid base. The boundaries
between the layers are assumed to be full friction, with the
exception of the interface between the bottom layer and the
rigid base where zero friction can be specified. The
surface is free of shear and the loads applied there are
assumed to be identical, vertical, and uniform over a
circuluar area.

The principal of superpostion is used to determine the

response at any given point when the multiple loads are
specified. The input data consists of laver property data,
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Backgraound
Development of the ELSYMS Procedure

load data, and evaluation coordinate data, as described in
Section III.

The output of ELSYMS contains a summary table of all the
responses calculated at each paint. These include principal
stress and strains as well as the normal stresses, strains,
and displacements calculated by the earlier laver programs
(LAYERS, LAYR15, AND LAYIT).

B, Development cof the Microcomputer Svstem

The ELSYMS microcomputer system is a single computer program
for the IBM-PC and compatible microcomputers which combines
three elements: interactive input processor, analysis
program, and interactive output processor. The interactive
input processor was developed under contract to FHWA as part
of this study. The analysis routine is based on the
microcomputer version converted FHWA, and the output
processor is based on the University of New Hampshire's
microcomputer version of ELSYMS.

1. Interactive Input Processor

The ELSYMS input file must be in a specific, rigid format.
To make ELSYM5 easier to use and more attractive to poten-
tial users, a user—-friendly input processor was developed to
assist in creating or modifying data sets.. The input
processor was developed to allow easy modification of data
sets so that the user would not have to re-enter unchanged
data between runs.

The most user~friendly tvpe of interface is a full screen
editor. ELSYM5 makes use of a new library of screen
interaction routines to present the user with a series of
screen images with blanks (or data fields) to be filled in
with data (or numbers in the fields to be replaced or kept
when modifying data). The library, GOXY.LIB, was also
developed as part of this study. The input processor
permits full screen movement between data fields and
performs preliminary error checking of the input data. The
user moves between data screens by selecting the data to be
input from a series of menus. The input processor is fully
described in Section IV.B. A description of the screen
library may be found in a report by SRA Technologies to the
Federal Highway Administration, titled: ™Recommended
General Procedures for Canverting Mainframe Programs to Run
on Microcomputers®™ (Ref. 2).
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2. Analysis Program

The analysis portion of this version of ELSYMS is identical
to the original mainframe version. It was downloaded and
converted to run on the IBM-PC. The input and aoutput
routines in the original version were removed and replaced
with the new interactive input and output processors. The
main program was converted into a subroutine which is called
by the new main program when the user selects the analysis
option from the main menu.

3. Interactive Qutput Processor

The output processor allows the user to view the output an
the terminal screen as well as save it in an output file.
The routines are taken from the University of New Hampshire
version of ELSYMS which uses their MENUZD subroutine
library. Reference 3 describes the library of fourteen
FORTRAN subroutines that allow a program to handle input in
a free format manner without concern about spaces, commas,
etc. UNH has a standard format for using these routines in
interactive input and output processors. In ELSYMS, the UNH
output processor routines were used with some modification
to conform to the format of the new input processor menus.



Data Required by ELSYMS
Laver Property Data

ITI. DAvA Reauirep By ELSYMS

The input file for the microcomputer version of ESLYMS is
identical to that required by the mainframe version. The
format requirements of the file are transparent to the user
through the input processor. Therefare, the user only needs
to be concerned with the input data required for the
analysis and not its format or sequence.

This section of the manual describes the input data required
for ELSYMS and is divided into the following three catego-
ries:

1. Laver Property Data,
2. Load Data, and

3. Evaluation Coordinate Data.

A, Laver Property Data

Each pavement analyzed by ELSYMS5 may be composed of one to
five elastic lavers. The three properties required for each
laver are the thickness (in inches), Poisson's ratio, and
modulus of elasticity. The thickness is set equal to zero
for the bottom elastic laver when the laver is assumed to be
semi~-infinite in thickness. If 3 thickness is given, it is
assumed that the layer is resting on a rigid base and the
user is prompted to determine if the base is a full friction
rigid base or a no-friction base. The Poisson's ratio can
never be equal to one, nor can it be in the range of 0.748
ta 0.752 for the bottom laver an a rigid base. The input
processor will verify that these conditions are satisfied.

B, Load Data

Loading is applied to the pavement by a series of up to ten
uniform circular loads applied normal to the surface of the
pavement. The loads are defined by any two of the following
three properties: load force in pounds, load pressure in
psi, or load radius in inches. ELSYM5 calculates the third
property based on the two entered. The location is defined
by X and Y coordinates along the surface of the top laver of
the pavement. All load values must be positive, but the
coordinates may be positive or negative distances.
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C, Evaluation Coordinate Data

ELSYMS evaluates stress, strains, and displacements at
locations determined by the user. These locations are
entered as a series of XY coordinate pairs and Z coordinate
depths. All combinations of XY and Z coordinates are
avaluated. Therefore, since a maximum of ten XY coordinate
pairs and ten Z coordinate depths are permitted, a total of
100 (10 x 10) evaluation locations are possible. The values
of X and Y may be positive or negative and the value of 2
may only be positive., Z is limited to the depth to the
bottom of the lowest laver in a rigid base pavement.



The ELSYMS Microcomputer Program
Program Operation

IV, Tue ELSYMS MicrocoMputer ProGRAM

The ELSYMS analysis program is essentially identical to the
mainframe version--the same input data file will produce the
same output. To aid the user in developing and modifying
input data files, an interactive input processor was added
to ELSYMS. An output processor was added to provide a
faster method for a user to review the results. The
processors make use of full screen interaction to present a
user-friendly interface between users and ELSYMS.

This section of the manual details the program design,
operation, and limitations of ELSYMS,.

A: Program Desian

ELSYMS5 is a FORTRAN program that enables a user to develop a
data set, perform an analysis, view the results, modify the
data set, and repeat the analysis as desired. The interac-
tive input processor portion makes use of the GOXY library
of screen interaction routines which uses a standard format
for data entry and program contral. The library is docu-
mented in Reference 2.

The program reads a standard ELSYMS data file as input and
assign its data to internal variables for user modification.
When a user is creating a new data file, the input step is
skipped and the data is set equal to default values--most of
which are zero. It appears to the user that new values are
being entered, but the program treats the input as modifica-
tions to the default values. Because of this design, the
same section of the program may used for data entry or
modification.

The user enters or modifies data in groups of similar items
arranged on a series of screens. The screens are selected

from the main file-creation or file-modification menu. For
ease of development and future enhancement, the program is

modularized such that each screen is handled by a separate

subroutine.

A data set is written to the output file in the standard
ELSYMS format whenever the user desires. The internal
variables are not changed when the data is output. In this
way, the user may make small modifications and create
another data set on the same autput file, without reentering
the entire data set.

The analysis routine is essentially the same as the
mainframe ELSYMS program. Minor modifications were made to

-7



ELSYMS Program Documentation
IBM-PC and compatible version

suit the input and output processors. The analysis is
performed by choaosing an option from the main menu. The
most recent set of data (one pavement system) created or
mocdified is analysed. If no data set is being created or
modified, the user is prompted for the name of a data file.
The results are stored in memory and the user automatically
branches to the output processoar.

The output processor allows the user to view portions of the
results as well as send the output the printer, a disk file,
or any valid DOS port (such as the console). The output
processor is a modification of the one designed by the
Department of Civil Engineering at the University of New
Hampshire. The UNH version of ELSYM5 uses a set of FORTRAN
routines contained in the MENUPC.FOR file. While the UNH
version also contains & input processor, only the output
section was incorporated into the FHWA version. The farmat
of the menu was modified to correspond to that used in the
input processor and the output disposition was modified.

B. Proagram QOperation

To operate ELSYMS, the user responds to gquestions or enters
data into fields on the screen. Execution is begun as
described in Section V.A, Program Setup and Execution. The
user initially is presented with a menu. .Menu options are
selected by entering the number corresponding to the choice
on the menu. No carriage return is required. The program
will branch to the desired section of the program,

Data entry screens contain descriptions of the data to be
entered and data fields. The data field will usually
contain the current value-~either that being modified or a
default value. The program automatically moves between the
data fields on the screen. The user enters only a carriage
return to accept the value shown, or enters a new value over
the cld one followed by a carriage return. At any time, the
user may skip the remaining fields on the screen by depress-
ing function key F2. The cursor jumps to the end of the
screen and the user is given the opportunity to madify the
data (Fl) or return to the create or modify menu (F2). To
modify the data, the cursor returns to the top of the screen
and the user continues as before. When the user is finished
with the current screen and choose function key F2 to return
to the menu, all of the data is saved and the program
continues. At all times, the options available to the user
are displaved at the bottom of the screen. )

A full description of the program is found in Section V.B,
Sample Session.



The ELSYM5 Microcomputer Program
Program Operation

The analysis portion operates in a batch-like mode without
direct user interface. The user is told that ELSYMS is
performing calculations and branches to the results menu
when they are completed. This is illustrated in Section
V.B, Sample Session.

c, P Limitati

There are several limitations imposed on the ELSYMS proce-
dure. The first two are based on the analvsis procedure
itself and the remaining are based on array size limits in
the ceding. The limitations follow:

1) The Poisson's ratio for any laver must not have a value
of one. In addition, the poisson's ratio for a bottom laver
on a rigid base must not equal 0.75 and therefore, should
not in the range of 0,748 to 0.752. These values lead to
impossible results or run-time errors because of the
equations used in the analysis.

2) The program uses a truncated series for the integration
process that leads to some approximation for the results at
and near the surface and at points out at some distance from
the load.

3) The number of different pavement systems for solution is
limited only by the size of the data file on the diskette.

Each pavement is analyzed individually and so, there is no

program limitation.

%) The number of elastic layers in the pavement can not
exceed five.

5) The number of identical unifeoerm circular loads applied to
the pavement can not exceed ten.

6) The number of evaluation coordinates where results are
desired is limited to a maximum of ten XY coordinate pairs
and ten Z coordinates, for a combined maximum of 100 points.
The minimum number would be one XY pair and one Z for a
total of one point.

7) For pavements with a rigid base specified, the maximum
value for coordinate Z cannot exceed the depth to the rigid
base.

8) All values except for the XY coordinates must be posi-
tive.
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V. MicrocoMpuTER PROGRAM USAGE oN AN [BM-PC

The standard distribution diskette contains the program
ELSYMS in executable form. The diskette is not bootable.
This section describes how to set up a working diskette and
execute the program. A sample session is shown to act as a
tutorial. The session simulates the modification of the
sample data set also contained on the distribution diskette.
All user reponses are underlined for clarity. This section
should be read by a user before attempting to execute
ELSYMS.

A, Pr am up and u

The standard distribution diskette contains the executiaon
file and sample data. It shauld not be used as a working
diskette. The files should be copied to a new bootable
diskette and the original diskette should be placed in a
safe location for use as a back-up. To create a working
diskette, the following basic steps should be followed.
Comments are in parentheses and user responses are under-
lined.

(assuming a DOS system diskette is in drive A)

A> format b:/s

Insert new diskette for drive B:

and strike any key when ready _

(insert a new diskette in B: and follow instructions)

Formatting...Format complete
System transferred

262496 bytes total disk space
40960 bvytes used by system
321536 bytes available on disk

Format another (Y/N)7pn
(transfer ANSI driver to new diskette:)

A>copy ggs;,gg; b
' 1 File(s) copied

(continued on next page...)

-10-
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(remove the D0OS diskette from drive A and
replace it with the distribution diskette,
to copy the programs:)

A>copy *.% b:

ELSYMS5.EXE

ELDATA

CONFIG.SYS

ELINS.DAT

(files may not be listed in the above order)

After completing the above operation, the distribution
diskette may be placed in storage and the diskette in drive
B: is the working diskette. To run the programs, the
working diskette is placed in drive A: and the system
rebooted (CTL-ALT-DEL) to ensure that the ANSI driver is
installed. To run ELSYMS5, the following is entered:

A>ELSYMS

The program takes control at this point. See the Sample
Session below for details. ELSYM5 requires slightly less
than 225K free memory (excluding the operating system) and
since it is interactive, the execution time depends totally
on user response. After creating or modifying a data set,
the analysis may be selected from the main menu. Execution
time for the sample data set is less than 1 minute with the
math co-processor, and about 5 1/2 minutes without it. Use
of a hard disk for output would decrease execution time
while sending output directly to the printer increases
execution time by several minutes.

B. §§mg],g §g§§1gn g!g:griglz

A sample session is presented to familiarize users with the
operation of ELSYM5. Study of the screens also allows a
user to assemble the necessary data before running the
program. The session shows the modification and execution
of the sample data set, ELDATA. which is supplied along
with the program. No changes were actually made to the data
set, but the sample session shows the steps required to make
changes.

The first step shown is the booting of the working diskette
which was created using the method described in the last
section. This is followed by execution of ELSYMS. The
presentation on the following pages uses a consistent
format. Each page shows a copy of the terminal screen
exactly as it appeared at some point during the execution of
ELSYM5. Color, boldface, and underlining is not shown. All
user input is shown underlined for clarity. Below the
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screen is a description of what was occuring during the
program execution, e.g. what the user was doing and why.
Since each screen is numbered in the upper right corner, the
reader may flip pages backward and forward to see what would
appear next if an option other than the one shown was
chosen.

-12-
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Sample Session (Tutorial)

4 1
Current date (s Tue [-01-1980

Enter new date: Jo29-A3
Cuctent tise i3 0:00:69.43

Entec new time: L2.0L

the [B4 Personal Cosputer 00§
version 1.00 (C)Copyright [BM Corp 1981, 1982, 1983

A>ELSYMS

Figure 1. Terminal Screen: Executing ELSYMS

The terminal screen reproduced above shows the results of
booting the system with a standard DOS diskette. Date and
time are entered. On many systems, it is noct necessary to
enter the time and date because of an internal clock. The
last step shown on the screen is the execution of ELSYMS.

After the program loads, the main menu appears, as shown on
the next page.
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8 A

I -ELSYNS-
Interactive [aput Processor

Developed by
SRA Technologtes, [nc.

Under contract to
Federa! Highway Administration

MAIN MENU

Instructions

- Create a Nev Data Flle
Madify an Existing Data File
Perfora Analysis

Exit -~ Return to DOS

[ W™

Selection:

Figure 2. Terminal Screen: Main Menu

The Main Menu is the first screen seen by the user when
executing ELSYM5., A first time user should select ™17 +to
read a description of the program and directions on how to
use it, There instructions are reproduced on the next page.

In this example, option 3 was chosen to modify a data file.
The user response is not shown because as s00on as the user
enters a valid selection, the program branches to that
section. That means that for this and other menu screens a
carriage return is not required for selection an option.

The other options available to the user at this time are:
"2" to create a new data file (illustrated on page 16), "&"
to perform the analysis (i)llustrated later), and "S" to end
to execution of ELSYMS and return to the DOS operating
system.

The sample session continues on page 17, with the file
modification menu.
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Sample Session (Tutorial)

ELSYMS

Elastic Layered System with Normal Loads
IBM~PC version

The Elastic Layered System computer program (ELSYMS) was modified by
SRA Technologlies, Inc., for PFHWA under a study titled, "Pavement
Design and Analyeils Procedures on Microcomputers.” The original
analyeis routine wae developed at ITTE, University of California at
Berkeley. This version contains interactive input and cutput
processcrs toc assist the user in the developaent of data files.

ELSYMS will detsraine the various component stresses. strains, and
displacesents along with principal values in a three-dimensional ideal
elastic layered systea. The layersd system being loaded with one or
more Iidentical unifoerm circular loads normal to the surface of the
systea.

All coordinates within the esystem are described by using the
rectangular coordinate system (X.Y,Z), with the XY plane at Z=0 being
the top surtace of the elastic system where the loads are applied.

The positive Z axis extends vertically down from the surface into the
system.

The applied loads are described by any two of the three following
itens: load in pounds. strese in psi. and radius of the loaded area
in inches. The program detersines the aissing value. EZach layer of
the systeam is described by modulus of elasticity, Poisson's ratio and
thickness. EFach layer is number with the top layer as one and
nuabering each layer consecutively downward.

For more information, see:

“ELSYMS: Interactive Version, User's Guide," FHWA report, 1385,

Operation

The user (s presented with a series of menus from which data
entry/modification 1s chosen. Zach selection displays a form on the screen
which contains the current values for the selected data items. This could
be the valuse from the file being modified, the last value entered when
creating a file, or the program default values. The program navigates the
user from data fleld to data fileld in a logical ssquence.

At each field, the user has three choices: accept the value shown by
pressing Just the carriage return, enter a new value. or press function key
F2 to signal that no more data ie to be entered or modified on the current
screen. #When the end of a screen (s reached, the user has another oppor-
tunity to msodify the data before proceeding. At all times, the proapt lines
at the bottom of the screen tell the user what cpticns are available.

Output from the input procesesor is a ELIYMS data fille in the same format
as used bLY the original mainframe version. The structure of EL3YMSallows

multiple cases per data file. When modifying, one case i{s read bLY the
program at a time and available for modification.

Figure 3. Instructions

~15-



ELSYMS Program Documentatiocn
IBM-PC and compatible version

8 )

Screen 1.2

Create & New Data Flle Menu
1. Enter/Modify Run Title
2. Enter/Modify Elastic Layer Data
3. Enter/Modify Load Data
4. Enter/Modify Evaluation Location Data
5. Write Data to an Output File
6. Return to Main Henu

Selection:

- .

Figure 4. Terminal Screen: File Creation Menu

There are two version of Screen 1.2. The first is used when
creating a new data file. It is shown above for illustra-
tion purposes only since this sample session shows the
modification of an existing data file.
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8 )

Screen 1.2

Modlfy an Extsting Oata File Menu
1. Mod!lfy Rumn Title
2. Modify Llastic Layer Data
1., Modify Load Data
4. Modlify Evaluatioan Location Data
5. Read oane Data Set from an [aput Flle
6. Write Data ta an Qutput Flle
7. Return to Main Menu

Selection: 3§
ENTER THE NAME OF DATA FILE TO AE WODIFIED: ELDATA

DATA SUCCESSFULLY READ.....

\— 7

Figure 5. Terminal Screen: File Modification Menu

The terminal screen reproduced above shows a user beginning
to modify a data set. When Screen 1.2 (for modifying data)
appears, the user must first selection option 5 to read data
from a data file. The program prompts the user for the
filename and when a valid, existing filename is entered
(here, ELDATA), one data set is read. A data file may
contain multiple data sets. This version of ELSYM5 puts no
practical limits on the number of data sets within a data
file. However, only one data set may be modified or
analyzed at a time. The sample data file, ELDATA, contains
only one data set.

After the data was read, option 1 was chosen as illustrated
on the next page.
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, a

Enter/Modify the following RUN TITLE:
ELSYM3 CP LAR S

Modify the above RUN TITLE agatin <Y/N)? N

— | »

Figure 6. Terminal Screen: Run Title

The Run Title screen allows a user to enter or modify the
heading used for the output, Te keep the title as shown,
oanly a carriage return is entered. To enter a new title, or
modify the one shown, the new title is entered followed by a
carriage return. Before returning to the modify (or create)
menu, the user is given the opportunity to modify the title
again. In this example, the title was not modified and the
program returned to Screen 1.2 (modifying). At that screen,
option 2, "Modify Elastic Laver Data,"™ was chosen, as shown
on the next page.
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Screen 1.2.2 *‘w

ELASTIC LAYER CATA

Nuaber of layers: 2

Layer (top to Thickness Palisson’s Modulus of
Nusber bottos) {lnches) Ratlo Elasticity
1 $.Q00 .19 4000000.00
H 6§.00 .40 30000.00
k] .00 .45 $000.00

Nate: Enter Zero thickfiess whena bottom layer s seami-infiaite.

Which cne Laver will be deleted ([f NONE. enter 0)7 Q

\ -

Figure 7. Terminal Screen: Elastic Laver Data

When modifying elastic layer data, the user is first given
the opportunity to delete any of the existing lavers. Since
no lavers were to be deleted, "0" was entered in response to
the prompt at the bottom of the screen.

As shown, the existing data are displaved on the screen.
There are three (out of a possible 5) layers in the system.
The thickness, Poisson's ratio, and modulus of elasticity
are all contained on this screen., The next page illustrates
the modification of one of the data items.
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Screen 1.2.2

ELASTIC LAYER DATA

Nuaber of layers: 3

Layer <(top to Thickness Polsson’'s fodulus ot
Nusber bottom) (inches) Ratio Tlasticity
1 2,90 .18 4000000. 00
2 6.0C .40 30000.00
k1 .00 .45 3000.00

Note: Enter Zaro thickness when bottom layer is semi-lofinite.

CR: To Nezt Data Fleld; F2: Skip To End of Screen

\— _J

Figure 8. Terminal Screen: Modifving Elastic Layer Data

This screen illustrates the modification of a data element.
The prompt line at the bottom of the screen tells the user
that a carriage return (CR) will skip to the next data field
and the function key F2 will skip to the end of the screen.
Data is modified by entering a new value over the existing
value. In this case, "8.00" was entered for the thickness
of laver 1. Although this is the same value as was exist-
ing, it illustrates the appearance of the screen when a data
item is modified.

After modifying the first item, the function key F2 was

depressed to skip to the end of the screen, as illustrated
on the next page.
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Screen 1.2.2

ELASTIC LAYER DATA

Huaber of layers: 3}

Layer (top to Thickaess Poissan’s Moduius of
Nuinber hottos) (iaches) Ratio Llastictity
1 $.00 .19 4000000.00
2 6.00 .40 30000.60
3 .¢0 .48 $009.00

Note: Enter Zesra thickness vhen bottos layer is sesi~infinite.

Pt: Modify This Screen: F2: Returan Ta Screea 1.2

Figure 9. Terminal Screen: Results of Modification

The prompt line at the bottom of the screen has now changed
to reflect the options now available to the user. Function
key F2 will return the user to the modification menu (Screen
1.2) and function key Fl will allow the user to modify the
screen again. If Fl1 were chosen, then the cursor would
return to the first field (Number of lavers) and the user
would have the opportunity to modify the screen.

In this case, function kev F2 was selected and the modifica-
tion menu (Screen 1.2) was displayed again. At that point,
option 3, "Modify Load Data,"™ was selected as shown on the
next page.
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Screen 1.2.13
LOAD DATA

Enter two of the following, the third 3 calculated.
Load: 4500.001bs Pressure: 75.00 psi Load Radiusa: .00inches

Number of load locatliona: 2

Locatten Coordinates

nunber = X = ¢ Y =
\ .00 .00
2 13.11 .00

CR: To Next Data Fleld; F2: 3kip to Ead of Screen

\ .

Figure 10, Terminal Screen: Load Data

Screen 1.2.3 is illustrated abhove. Note that the load and
pressure have been specified. Therefore, the program will
calculate the load radius.

No changes were made to this data, so fuﬁction key F2 was

selected to skip to the end of the screen, as shown on the
next page.
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Scre 1.2,
LOAD DATA reen .3

Enter twvo of the following, the third is calculated.
Load: 4500.001lbs Pressure: 73.00 ps:1  Load Radlus: .Q0inches
Nusber of load locations: 2
Location Coordinates
nusber = X = Y =

1 .00 .00

2 13.11 .00

PL: Modify This 1; F2: Sklp to Ead of Screen

Figure 11. Terminal Screen: Load Data, Completed
Function key F2 was selected to return to the modification

menu (Screen 1.2) where option 6, "Modify Evaluation
Location Data,™ was selected, as shown on the next page.
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Screen 1.2.4

EVALUATION LOCATION DATA
Results are evaluated for all cosbinations of X-Y coordinates and
Dapths aof Z.
Nuaber of X-Y positions: 2
Nuaber of T positiea : 1

Position X Y Pesitlon z
1 .00 .Q0 1 8.00
2 6.56 .00

CR: To Nezt Data Fleld: F2: 9kip to End of Ycresn

Figure 12. Terminal Screen: Evaluation Location Data

Screen 1.2.4 is illustrated above. A total of two locations
were chosen for evaluation (two 'XY' coordinate pairs times
one 'Z' coordinate depth equals two locations). As before,
no changes were made to this data and function key F2 was
selected to skip to the end of the screen. Function key F2
was chosen again and the program returned to-the modifica~
tion menu (Screen 1.2) as shown on the next page.
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Screen 1.2

Modify an Exlsting Data File Menu
1. Modify Rua Title
2. Kodify Elastlic Layer Data
3. Modify Load Data
4. Hodify Evaluation Location Data
5. Read one Data S#t from aa Input Plle
6. Write Data to an Qutput Flle
7. Return to Mala Meau

Selection:
ENTER THE NAME OF THE DATA FILE TO BZ CREATED:ELDATA.GUT

DATA SUCCESSFULLY WRITTEN.....

e ./

Figure 13. Terminal Screen: Output File Creaticn

Now that all of the data have been modified, the user is
ready to create an output file. The filename must be
different than the input file, s0 when option 6 was chosen
and the user was prompted for a filename, ELDATA.QUT was
entered. Since this was a valid, new file, ELSYMS5 ocutput
one data set. Had an output file already been opened, the
user would have been given the opportunity to add the data
set to the end of the file or close the file and open a new
one,

After the data set was written, option 7 was selected to
return to the Main Menu. At the Main Menu, option 4 was
chosen to perform the analysis on the current data set. The
analysis is always performed on the last data set read from
the modification menu, or created (when creating new data
sets). The analysis begins on the next page. The data set
is listed on the next page.
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ELSYM5 GR LAB 5

3 2 2 1
8.000 . 150 4000000.000
6.000 .400 30000.000
. 000 . 450 5000.000
4500.000 7%.000 .000
.000 .000
13.110 .000
.000 . 000
6.560 . 000
8.000

Figure 14: Data File Created by ELSYMS
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ANALYSIS MODEZ OF ELSYMS
Do you wish the Results Saved on a File (Y/N) =e) Y
Cater Fllenane (DEV:FILE.EXT or PRN or CON) «w) B:TMP
sex PERFORNING CALCULATIONS raw

Figure 15. Terminal Screen: Analysis Mode of ELSYMS

The analvsis begins by asking the user if the results should
be saved on a file. If not, the results are only available
through the output processor and could be copied using the
"Prt-Scn® Key. If the user wants the results saved, as
shown above, the program prompts for a filename. Any valid
DOS name or device is permitted. For example, the results
could be directed to the printer by typing "PRN". In this
case, the output is saved on a diskette in drive B (drive A
is the default drive), named TMP.

After the output file information has been entered, the
calculations are performed. The sample data file takes less
than one minute with the 8087 math co-processor or about 5
172 minutes without it. When the calculations are com-
pleted, the program automatically branches to the output
processor. The screen is cleared and the results menu is
displayved as shown on the next page.
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RESULTS MENU FOR ELSYNS

e e

LAYER = ¢ 2= 8.00

S3tresses Norsal & Shear & Principal
9tralas Noraal & Shear & Principal
Displacenents

Return or Cantinue with Next Layer

o~k
PR
[ R |

Selection =)

Figure 16. Terminal Screen: Results Menu

The output processor presents the results menu for each
laver (or 'Z' coordinate depth) for which the user requested
evaluation. The user mav look at any of the three catego-
ries of output by choosing options 1 through 3.  Options may
be selected in any order and repeated if desired. After the
user has seen all that is desried for one laver, option 4 is
chosen and the next layer is shown. When there are no more
layers, ELSYM5 returns to the Main Menu. If further study
of the results is desired, the user must exit the program
and look at the output file, if one was created.

The next few pages show the results for options 1 through 3.
Since there was only one Z coordinate depth, selection &
returned to the Main Menu. The final page of the sample
session illustrates the output file, TMP, created during the
analysis.
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Normal Stresases Shear Stresses
Xp P axXx Yy 822 XY SXZ Yz
.00 .00 . 130E+01 L156E2¢03 -, 138E+01 . Q0QE+00 LA1LIE+00 . 0QQE+Q0
6.96 .00 .116E+01 LISEE¢03 -, 1 42E+01 .QO0E+00 -.%27E-03 . 0002 +Q0
Principai == Stresses Shear Stresses

XP Ye Pt P2 P33 -~ 1 P982 PS8l
.00 .00 .136E+03 .130E+03 ~-.199E+91 .790E+02 . 132E+02 .658E+02
6.36 .00 . 196E+03 LIIGE+03 - 142E4+0L .T784E+02 . 204E+02 .58%2+02

RESULTS NMENU FOR ELIYKS

1. Stresses WHorsal & Shear & Principal

2. - Stralas Noraal & Shear & Principal
3. = ODlesplacesents
4. » Return or Continue with Next Layer

Selection ==

Figure 17a. Terminal Screen: Output Option 1
Stresses Normal and Shear and Principal

Normal 3trains Shear Strains
Xp YP EXX L4141 | v+ 4 244 [ 4 ¢4 EYZ
Q0 .00 .267E-04 . 343E-04 ~.111E-04¢ .00CE+00 LAT92-086 . Q0QE+00Q
6.96 .00 .231E-0O4 L348E-04 -, 109204 .000E+00 ~-.303E-09 .0002+00
Principal -~ Stralas Shear Stralns
xp {4 PE 1§ PE 2 PE 3 PSEL 1214 par3
.00 .00 ,343E-04 «267E~04 ~.t1!E-04 . 494E-04 .754E-0% L3792-04
6.56 .00 . 348E-04¢ .231E-04 ~-.L0SE-04 . 4332-04 L1178-04 .3362-04

RESULTY MENU FOR ELSYNS

LAYER = | - .00

1. Stresses Normal & Shear & Principal

2. = Straios Norsmal & Shear & Principal
3. - Displacenents
4. -~ Return or Continue with ¥ext Layer

Se¢lection =e=)

Figure 17b. Terminal Screen: Qutput Option 2
Strains Normal and Shear and Principal
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Displacenents
xp 144 ux uy uz
00 .00 «.172£-03 . QQQE+QQ . 143E-01
6.356 .00 . 174E-06 .000E+C0 . 142E-01

RESULTS MENU FOR ELSYN3

Stresses Normal & Shear & Priacipal
Strains Norasal & Shear & Priacipal
Displacesents

Return or Continue with Next Layer

W -

Selection w»s)

Figure 17c. Terminal Screen:
Displacements
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ELASTIC SYSTEM -~ ELSYM 5 GR LAB 5
ELASTIC POISSONS

LAYER MODULUS RATIO THICKNESS
1 4000000. .150 8.000 IN
2 30000. 400 6.000 IN
3 5000. .450 SEMI-INFINITE

TWO LOAD(S), EACH LOAD AS FOLLOWS

TOTAL LOAD..... 4500.00 LBS
LOAD STRESS.... 75.00 PSI
LOAD RADIUS.... 4.37 IN

LOCATED AT

LOAD X Y
1 . 000 . 000
2 13.110 .000

RESULTS REQUESTED FOR SYSTEM LOCATION(S)

DEPTH(S)
Z= 8.00 14.01
X-Y POINT(S)

X Y

.00 .00
6.56 .00

Z= 8.00 LAYER NO, 1

X - 4
.00 .00
6.56 .00

NORMAL STRESSES

SXX .1301E+03 .1155E+03
SYY .1565E+03 .1562E+03
S22 -.1585E+01 -.1424E+01

Figure 18. Printed Qutput from Sample Data File
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SHEAR STRESSES

SXY .0000E+00
SXZ
S5YZ . 0000E+00

.0000E+00

.3108E+00 -.5270E-03

.0000E+0GO

PRINCIPAL STRESSES

PS 1 .1565E+03
PS 2 .1301E+03
PS 3

+1562E+03
+1155E+03

-.1586E+01 -.1424E+01

PRINCIPAL SHEAR STRESSES

PSS 1 .7903E+02
PSS. 2 .1319E+02
PSS 3 .6584E+02
DISPLACEMENTS

UX ~-.1717E-03
1134 .0000E+00
U2 «1451E-01

NORMAL STRAINS

EXX .2672E-04
EYY -3430E-04
E22 -.1114E-04

SHEAR STRAINS

EXY . 0000E+00
EXZ .1787E-06
EYZ . 0000E+00

PRINCIPAL STRAINS

PE 1 «3430E-04
PE 2 .2672E-04
PE 3 -.1114E-04

.7882E+02
.2035E+02
.5846E+02

.1736E-06
.0000E+00
+«1416E-01

.2307E-04
«3477E-04
-.1055E-04

.0000E+00
-.3030E-09
. 0000E+00

-3477E-04
.2307E-04
-.1055E-04

PRINCIPAL SHEAR STRAINS

.4544E-04
«7581E~-05
.3786E~-04

PSE 1
PSE 2
PSE 3

A 14.01 LAYER
Y
.00
.00

X
.00
6.56

Figure 18 continued. P

.4532E-04
.1170E-04
+3362E-04

NO, 3

rinted OQutput from Sample Data File
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MECHOD: A Mechanistic Overlay Design Program
for Flexible Pavements

Haiping Zhou,' R.G. Hicks,? and Billy Connor?

ABSTRACT

One of the most cost effective pavement rehabilitation
techniques is to provide an asphalt overlay. Asphalt
overlays can strengthen existing pavements, reduce mainte-
nance costs, increase pavement 1ife, provide a smooth ride,
and reduce safety hazards by improving pavement surface
skid resistance.

This paper presents a fully mechanistic asphalt
overlay design procedure for use on microcomputers. The
procedure 1is based on fundamental characteristics of
pavement layer properties and uses a linear elastic layer
program ELSYM5 to determine strains at critical locations
within a pavement structure. Tensile strain at the bottom
of the surface layer is used to control fatigue and
compressive strain on top of the subgrade is used to
control rutting. Failure criteria developed by the Asphalt
Institute (1982) have been adopted to estimate the pavement
life. The design procedure also considers the seasonal
effects on pavement 1ife by considering traffic appiication
and pavement strength variations for each season and
determining the pavement damage within each season.

'Research Assistant, Civil Engineering Department, Oregon
State University, Corvallis, OR 97331.

Professor, Civil Engineering Department, Oregon State
University, Corvallis, OR 97331. '

*Statewide Research Manager, Alaska Department of Trans-

portation and Public Facilities, Research Section, 2301
Peger Road, Fairbanks, AK 99701.
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Miner's rule, a cumulative damage theory, is used to
determine the total pavement damage. Overlay thickness is
determined using an iterative procedure by assuming an
overlay thickness and calculating damage so that the total
damage is less than or equal to one.

The program runs on IBM compatible microcomputers, is
menu driven, allows screen data input and edit, and is user
friendly. The development of the program makes a compli-
cated mechanistic overlay design procedure very easy to
implement for routine design work.

INTRODUCTION

One of the most cost-effective methods of improving
existing pavements is by using an asphalt overlay. Asphalt
overlays can be used to strengthen existing pavements, to
reduce maintenance costs and increase pavement life, to
provide a smooth ride, and to reduce safety hazards by
improving pavement surface skid resistance. The design
approach used to determine the thickness of the overlay can
range from engineering judgement to a fully mechanistic
analysis. Generally, the design procedures may be catego-
rized into four types: 1) engineering judgement, 2)
component analysis, 3) nondestructive testing with limiting
deflection criteria, and 4) mechanistic analysis based on
interpretation of nondestructive testing or laboratory data
with appropriate failure criteria (Hicks and Zhou, 1988).
The mechanistic type of analysis represents the current
trend for overlay design. It considers the fundamental
properties of materials to be used, is capable of consider-
ing changed traffic loading and tire pressures, and charac-
terizes the response of the pavement to traffic loads in
terms of strains and/or stresses. This type of analysis
allows practicing engineers to address, more realistically,
factors such as type of pavement structure, materials, and
environmental impacts so that the behavior of the pavement
may be better understood.

This paper presents a computerized mechanistic overlay
design procedure for flexible pavements. A linear multi-
layered elastic model, as shown in Figure 1, is used for
analyzing the pavement structure. In the model, the
pavement material properties are represented by modulus of
elasticity and Poisson's ratio. The linear elastic program
ELSYM5 (Hicks, 1982) was modified and used to determine the
traffic induced strains. Two pavement strains, tensile

2 Zhou, et al.
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Figure 1. Generalized Multilayered Elastic System

strain on the underside of the existing asphalt bound layer
and compressive strain on the top of the subgrade, are con-
sidered to be the critical ones. The Asphalt Institute's
fatigue and rutting criteria (the Asphalt Institute, 1982)
are used to predict the pavement life. Miner's rule is
used to assess the pavement damage.

COMPONENTS OF THE DESIGN PROCEDURE

Program Flowchart

MECHOD, MECHanistic Overlay Design, is a computerized
overlay design program for flexible pavements. This
program incorporates recent theoretical developments in
mechanistic analysis of pavement structures. With this
program, a rational and yet speedy mechanistic analysis for
designing an overlay can be routinely performed very
easily. Figure 2 shows a flowchart of this program. Some
of the major features of this program are explained below.

3 o Zhou, et al.



Read input data

+ Pavement structure data
* Traffic data

« Material characteristics
« Seasonal effects

v

Call ELSYMS to calculate
critical strains

Y

Calculate allowable traffic N

!

Calcuiate pavement damage for
season(s) evaluated

y

Calculate remaining life R

Is R>20%

Yes

‘Remove and
replace pavement

Assume overlay thickness

¥

-L Call ELSYMS to determine pavement

strains for season(s) evaluated

Y

1

Determine required life n

Calculate allowable wraffic N

_,}

Calculate pavement damage for
season(s) evaluated <
Total damage= £ (n/N)

Stop
Print out results

Total damage >=1?

Yes

Increase overlay thickness

Figure 2. Program Flowchart

4 Zhou, et al.



Seasonal Effects

Pavement damage generally results from three factors:
environmental effects, materials problems, and/or loads
(Hudson and Flanagan, 1986). The most important environ-
mental effects are moisture and temperature effects.
Moisture in the pavement produces several problems includ-
ing ice lens formation (swell or frost heave), base
failure, slope instability, and volume changes (Hudson,
1984). Temperature differentials cause shrinkage and
expansion and these induce stresses in pavement.

Seasonal effects cause temperature variations and
moisture changes in the pavement structure; therefore, the
resilient modulus of pavement materials will also vary with
the change in season, as shown schematically in Figure 3.
Very 1likely, traffic volume may also be affected by
different seasons of the year. Because of the variations
of pavement material strength and traffic load applica-
tions, pavement damage induced by traffic can be different
for each season. A better estimation of the pavement
damage can be obtained through considering seasonal effects
on material properties and traffic applications. In
MECHOD, four seasons can be taken into account: spring,
summer, fall, and winter. Resilient modulus and Poisson’s
ratio for each season can be input individually. Traffic
can also be divided into seasonal volumes. Thus, a more
reasonable assessment of the pavement damage can be
achieved.

D rmination of Critical Pavemen rain

Under traffic load, the pavement structure experiences
stresses, strains, and deformations. For flexible pave-
ments, it is generally accepted that two pavement strains
are critical and used for design purposes: 1) the horizon-
tal tensile strain on the underside of asphalt-bound layer,
and 2) the vertical compressive strain on the top of the
subgrade, as shown in Figure 4.

These two critical strains are considered to be
associated with the major causes of pavement fatigue and
rutting. If the horizontal tensile strain (e¢,) is exces-
sive, fatigue cracking of the asphalt-bound layer will
result.  If the vertical compressive strain (e) is
excessive, rutting or permanent deformation will result at
the surface of the pavement structure from overloading the
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Summer ——
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Increased Modulus
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Time of Year N £

a) Asphalt Modulus b) Asphalt Fatigue Criteria

Seasonal Influence on Layer Modulus and Fatigue
Criteria (Hicks, et al., 1988)

Figure 3.
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Figure 4. Location of Critical Strains
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subgrade. In MECHOD, a 1linear elastic layer computer
program (ELSYM5) is modified and used as a subroutine for
the determination of the critical strains.

Fatique Fvaluation

Many researchers have found that pavement fatigue
performance is generally a function of tensile strain and
stresses of asphalt concrete (Finn and Monismith, 1984).
A common expression is shown below,

b

-l [

where:
N = number 6f load applications to failure,
€ = tensile strain on the underside of asphalt-
= bound layer
Smix = zﬁgffness modulus of asphalt-bound material,
A,b,c = constants for specific asphalt mix.

In MECHOD, the Asphalt Institute's fatigue model (the
Asphalt Institute, 1982) is used. This model is expressed
by the following relationship: :

log N = 16.086 - 3.291 log (¢,) - 0.854 log (E,) (2)

where:
N = load applications to failure,
€, = tensile strain on the underside of asphalt-bound
layer, in u-strain, and
E,. = stiffness modulus of asphalt-bound material, in

ksi.
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This particular relationship was obtained from
laboratory fatigue data (Monismith et al., 1972) which had
been adjusted to provide an indication of approximately 20
percent or greater fatigue cracking (based on total
pavement area) in selected sections of the AASHTO Road
Test.

For the evaluation of fatigue performance, the
critical tensile strain considered in the MECHOD program
is that occurring on the bottom either of the existing
pavement surface layer or the overlay. Two cases are
considered, as shown in Figure 5. For existing surface
with resilient modulus greater than 100,000 psi, tensile
strain in the existing surface is used to estimate the
fatique life. For existing surface with modulus less than
100,000 psi, tensile strain in the overlay is used.

Rutting Fvaluation

Rutting or permanent deformation is controlled by
limiting the vertical compressive strain at the top of the
subgrade. A relationship developed by the Asphalt Insti-
tute (1982) is used in the program. The relationship is
expressed as follows:

N=1.36 * 107° (¢) "4 (3)
where:
N = number of load applications, and

€ vertical compressive strain on the subgrade top.

v
Figure 5 also shows the location of the critical strain for
rutting analysis.

D mination of Pavement Dam

For every load application, there is some pavement
damage. Pavements fail when the total damage accumulates
to a point that the pavement serviceability is unsatis-
factory. Miner's rule, a cumulative damage theory, is
commonly used to assess the damage caused by mixed traffic
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Figure 5. Critical Strain Locations for Overlay Design
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loads. In MECHOD, Miner's rule is used and it has the
following form:

i~

n;
< 1
ilN"—

where:

i = season i in analysis,

n, = actual number of cycles of_load applied to the
pavement with season i

N, = allowable number of cycles to failure, based on
failure criteria for season i, and

Y = number of seasons considered for analysis.

For the existing pavement, if its damage is greater than
80% or its remaining life less than 20% (either fatigue or
rutting), an overlay is required. If the existing pavement
still has more than 20% of its life, the program will
further consider projected future traffic to determine if
the existing pavement is able to carry those future load
applications. The total pavement damage is determined at
this stage. If this total pavement damage is greater than
unity, it indicates that the existing pavement is not
capable of carrying the projected traffic. In such a case,
the program will also perform an overlay design.

OVERLAY DESIGN PROCESS
In Requir
When using MECHOD, the following inputs are required:

1. Load Condition. This includes both load force and
1oad radius.

2. Pavement Material Characteristics. This includes
resilient modulus and Poisson's ratio for all pavement
layers. If an overlay is needed, the program will ask
the user for the resilient modulus of the overlay
material. This option allows the designer to evaluate
an overlay design using different paving materials.
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3. Traffic Data. This includes both historical and
future traffic applications in terms of 18-kip equiv-
alent axle loads (EAL). For mixed traffic, conver-
sions to repetitions of the 18-kip single axle load
can be made using AASHTO equivalency factors.

Thickness Design

The program first asks for the resilient modulus of
the overlay material for the seasons being considered and
uses an initial overlay thickness of 1 inch. As shown in
Figure 2, ELSYM5 is used to calculate critical pavement
strains for the season(s) considered. Equations (2) and
(3) are then used to determine the allowable traffic
application for the season(s) considered. Total pavement
damage is determined for overlaid pavement by using Miner's
rule. Both fatigue and rutting are checked. If either has
a total pavement damage greater than unity, it will be used
as the controlling factor. Determination of overlay thick-
ness is an iterative process. An increment of half-inch
overlay thickness is used in the program for the next
iteration. The above process is repeated automatically
until the total pavement damage is less than unity. This
overlay thickness is then recommended.

SUMMARY AND CONCLUSIONS

This paper describes a computerized mechanistic
overlay design program (MECHOD) for flexible pavements.
The program is operational on IBM compatible microcom-
puters, is menu driven, allows screen data input and edit,
and is user friendly. The program is also versatile. By
selecting the season(s) considered, pavement damage
incurred in a particular period of the year may be deter-
mined. By considering overlay material properties, use of
different paving materials becomes possible. By equating
the materials properties for the overlay and existing pave-
ment, the program may also be used for new pavement
structural design. The development of this program makes
a complicated mechanistic overlay design procedure very
easy to implement for routine design work.

11 Zhou, et al.



ACKNOWLEDGEMENTS

The Federal Highway Administration, through the HPR
program, provided funding for this project. Laurie Docken-
dorf and Peggy Offutt of Oregon State University typed this
paper. 3

REFERENCES

The Asphalt Institute, "Research and Development of the
Asphalt Institute's Thickness Design Manual (MS-1)," 9th
Edition, Research Report 82-2, August 1982.

Finn, F.N. and C.L. Monismith, "Asphalt Overlay Design
Procedures,” NCHRP Synthesis of Highway Practice 116,
Transportation Research Board, National Research Council,
Washington, DC, December 1984.

Hicks, R.G., "Use of Layered Theory in the Design and
Evaluation of Pavement Systems," Report No. FHWA-AK-RD-83-
8, July 1982.

Hicks, R.G. and H. Zhou, "Use of Improved Design Procedures

for Asphalt Concrete Overlays," Proceedings, CALTRANS R&D
Program Conference, Sacramento, CA, 1988.

Hicks, R.G., H. Zhou, and B. Connor, "Development of an
Improved Overlay Design Procedure for the State of Alaska,"
Vol. III Field Manual, Transportation Research Report
88-24, Oregon State University, 1988.

Hudson, W.R., "An Examination of Use and Non-Use Related
Causes of Pavement Deterioration, " Report RR 1/2. Univer-
sity cqzsiexas at Austin and Austin Research Engineers,
Inc., .

Hudson, W.R. and P;R. Flanagan, "An Examination of Environ-
mental Versus Load Effects on Pavements," Transportation
Research Record 1121, Transportation Research Board, 1986.

Monismith, C.L. J.A. Epps, D.A. Kasianchuk, and D.B.
McLean, "Asphalt Mixture Behavior in Repeated Flexure,"
Report No. TE 70-5, Transportation and Traffic Engineering,
University of California, Berkeley, CA, 1972.

12 Zhou, et al.



