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NCFLEX
VERSION 1.0, 1996

A PROGRAM FOR THE ANALYSIS AND DESIGN OF FLEXIBLE
PAVEMENTS






NCFLEX (version 1.0, 1996)

The NCFLEX program is a microsoft windows-based program for analyzing and
designing flexible pavements. The program is windows-based in that it accepts input
through a graphical user interface (GUI). An input file called flexinp.dat is automatically
created. The program then runs the FORTRAN program for calculating the design
parameters. During this stage, the program runs in the full-screen DOS mode for optimum
computing time. The program then reverts back to the Windows mode, opens up the
windows application program called NOTEPAD, and displays the results. The results can
be found in the file flexout.dat. Details regarding the nature of computation, specific
models used, etc., can be found in other references (Khosla et. al., 1996).

Files :
NCFLEX31.EXE - Windows executable file ( written in Visual C++)
SAT.EXE - Fortran program for design computation

L. Copy NCFLEX31.EXE and SAT.EXE to any directory on the hard drive.
2. To start the program, run the NCFLEX31.exe program from within the Windows

environment.

Note: This program is compatible with Microsoft Windows version 3.1 and lower.

To run the program from DOS prompt:

Type win NCFLEX31.EXE <enter>

To run the program from within windows:

From the menu choose File and then Run
Type <directory>/N CFLEX31.EXE <return>

The user should see the first input screen of the NCFLEX program. This would be
the “Welcome to NCFLEX” screen. The user would click on the “next “ button to move
to the next input screen. Also clicking on the “cancel” button, will allow the user to exit

the program.



NCFLEX

There are six modules, or input screens, that the user will interact with during the course
of running this program. They are:

. Fatigue Properties, and
. Rutting Properties.

The modules are explained in detail in the following sections. To aid the user,
actual printouts of the various input screens (as seen on the computer) are also included.
The title of the input screen can be seen at the top of the screen or at the bottom right
comer of each figure (screen) in the printout.

Also, a sample screen printout of the NOTEPAD containing the output file
FLEXOUT.DAT is also shown.

1. Welcome to NCFLEX: Gives a welcome message
2. Layer Properties

3. Layer Stiffness

4. Design Traffic and Life

5

6

Layer Properties
This module accepts the following input:

1. The input file is named flexinp.dat and the output file is named flexout.dat



NCFLEX - LAYER PROPERTIES

2. Layer ID:
The user is prompted to choose the layer material for the 5 layers of the pavement

system. The 5th layer is fixed to be a subgrade. For the remaining layers the user has the
option of choosing from any of the following:

Table A-1.  Layer Properties: Layer ID

Layer Properties

Surface

Binder

Black Base

Aggregate Base Course
Cement Treated Base Course
Lime Stabilized Subbase
Cement Stabilized Subbase
Subgrade

3. Poisson’s Ratio:
Default values for the Poisson’s ratio are provided in the table below. These

default values are automatically filled in on selection of Layer ID. The user has an option
of changing these values. :



BLACK

CEMENT STAB SUBG
CTB

LIME STAB SUBG

A s

SURFACE

NCFLEX - LAYER PROPERTIES

Table A-2.  Layer Properties: Poisson’s Ratio

Layer Material

Surface

Binder

Black Base

Aggregate Base Course 0.35
Cement Treated Base Course 0.1
Lime Stabilized Subbase 0.2
Cement Stabilized Subbase 0.1
Subgrade 0.4

4. Thickness:
The thickness in inches of the 5 layers need to be input by the user. The Sth layer is

considered semi-infinite. If any of the other layers are selected to be subgrades, the
program automatically selects a thickness of 0 (zero) inches.

S. The slip values are always maintained at 1.0 (no slip condition). The user is not
permitted to manipulate this.



NCFLEX - LAYER PROPERTIES

6. Starting Seasonal Pavement Temperature:

The computation is carried over 4 seasons. The drop-down box allows the
selection of the starting pavement temperature in degrees Fahrenheit. This refers to
temperature at the time the pavement is opened to traffic after construction. The user is
allowed to choose from the following four temperatures.

Table A-3.  Default Starting Seasonal Pavement Temperatures( Fahrenheit)

Season Temperature { ' F.
Season | 60
Season II 42

Season III 58
Season IV 74

The user is allowed to manipulate the four temperatures in the next module. Choosing the
starting temperature fixes the temperatures for the successive seasons in the given order.

Layer Stiffness

This module uses default values for the stiffness of the various layers based on the
Layer ID and the pavement temperature. The temperatures that appear in this module are
based on the starting seasonal pavement iemperature chosen in the previous module.



NCFLEX - LAYER STIFFNESS

1. Temperature The user is allowed to change the pavement temperature for the 4
seasons in this module.
2. Stiffness Any changes in the temperature would necessarily mean a change in

the stiffness values. The user should change the stiffness values based on his experience of
the material types and temperatures. To aid the use, the following charts are provided:

e Resilient modulus versus temperature for the surface, binder and black base mixes.
(Fig 1)
e Reliability based estimates of resilient modulus values for the aggregate base course

and subgrades. (Figures 2a and 2b)
For example, in Figure 2b, to obtain a subgrade modulus value for the period of
December - February at a reliability level of 80 percent, a subgrade modulus value that is
approximately 30 percent of the maximum subgrade modulus would be used (30% of 23

= 6.9 KSI).
Design Traffic and Life

This module accepts the following as input:
1. Total ESALs / Year anticipated.
2. Annual Growth Factor - in percentage (ex. 1, 1.5, 2, ...)
3. Minimum design Life (years) (ex. 10, 15, 20....)
Entering 0.0 would pass the control over to the minimum design ESALSs criteria.



NCFLEX - TRAFFIC AND DESIGN LIFE

4. Minimum design ESALSs

Entering 0.0 would pass the control over to the minimum design life criteria.

It is important that both criteria’s (minimum design life and minimum design
ESALs) are not zero.
5. The user is prompted to increment any one layer by a given amount of thickness
(inches) so as to check a host of designs to arrive at one that actually satisfies the
necessary criteria. The same thickness will be maintained for the other layers.

Fatigue Properties

1. This module determines the layer to be used in the fatigue computation ( i.e., the
lowermost asphaltic layer).
2. Also, based on temperature and the Layer ID ( lowermost asphaltic layer), default
values for the fatigue parameters for phase angle (PHI (degrees)), Energy Ratio (ZHI) and
%Voids (V) are filled in. If the temperatures chosen in the earlier modules are not part of
the default dataset, the program would fill in zero's, and the user would have to input
values for the various fatigue parameters.

If different mixes need to be adopted, it may be necessary to carry out fatigue
tests to arrive at the PHI, ZHI, and VOIDS estimates.
3. It is advisable to enter zero for fatigue calibration factor, so that the program
would choose an appropriate value based on the pavement parameters. Essentially,
entering zero forces the program to perform an internal calibration routine. The user can
change the value of the calibration factor.



NCFLEX - FATIGUE PROPERTIES

Rutting Properties

1. A default value of 0.5 inches is chosen for maximum allowable rutting. An option
is given to the user for changing this.

2. Coefficients A and B for the various asphaltic layer mixtures tested under different
conditions are shown as default values. If different mixes need to be adopted, it may be
necessary to carry out rutting tests to obtain new coefficients A and B.

The primary rutting model used in the program NCFLEX is based on asphalt layer
rutting only. This approach was adopted based on observed results. To make the rutting
model more generic, the SHELL approach (Shook, J.F., 1982) on rutting, based on
limiting subgrade strain has been added to the existing computer program. This method
provides the number of ESALs the pavement can carry without causing excessive rutting
(defined as greater than 0.5 inches). The results from this generic model are not supported
by data from the research project used to develop the rutting model.

3. Click on the compute button to begin computation.

Computation time depends on the nature of the design calculations. The user
would have to wait for a while, before the output is obtained. During the computation
process, the program moves into the DOS mode, and a PLEASE WAIT sign will appear
on the screen. The user will have to wait during this process.



Design Selection

Based on the output the user can select the appropriate design. The output
provides the fatigue life and asphalt rutting estimates for the various combinations of
design. The user can pick up the final combination shown in both the fatigue and rutting
outputs and decide on the final design.

Also, provided are life to failure estimates based on SHELL subgrade rutting

criteria.

Example Computation

Problem:
To design an aggregate base course pavement 1o last 5 years. The pavement is

expected to experience a traffic level of 150000 ESALs in the first year with a 1 %
increase every year. The requsite properties for the materials are provided.

Design :

Tables 1(a). and 1(b). show the input and output files respectively. Table 1(a).
indicates the seed design used and the various parameters used in the design. The output
from the program is shown in Table 1(b). From fatigue considerations the pavement (3
surface. 2 binder and 12’ aggregate base course) fails in 72 months (which is greater than
5 years). From rutting considerations the same configuration experiences a rutting of 0.29
inches during the 5 year design period. This is lesser than the 0.5 inches criteria assumed
for pavement failure due to rutting. Therefore in this case the pavement is designed based
on the fatigue criteria. The SHELL criteria for rutting is also provided.



~Help
.40 .000 1.
.40

LAYER HATERIAL -> ID
HDS-> 1 HDB -> 2 HB -> 3 ABC -> 4 CTB -> S
LIME_SUBGRADE -> 6 CEMENT_SUBGRADE -> 7 SUBGRADE -> 8

MODULI MODULI MODULI MODULI

SEASON 1 SEASONH 2 SEASOH 3 SEASON 4
LAYER:1 600088.80 1050000.08 670000.00 350000.00
LAYER:2 800800.00 1308000.00 850000.00 500000.00
LAYER:3 36400.00 30400.00 30400.00 3o0400.00
LAYER:& 14200.00 14200.00 14200.00 14200.00
LAVER:S 14200.00 14200.00 14200.00 14200.00

LAYER ID—-> 1 2 4 8
H1 H2 H3 Hi FAT.LIFE(MONTHS) ESALS TO FAT.

2.60 1.50 12.00 .80 24 .6 0E+0G6
2.58 1.58 12.6@0 .00 36 -89E+06
3.00 1.50 12.00 .80 48 12E+07
3.58 1.50 12.00 .80 72 .18E+087
4_00 1.50 12.00 .90 26 <24E+07
4.56 1.50 12.00 -80 138 -35E+07
s.88 1.58 12.80 .00 192 LU9E+07
5.50 1.50 12.00 .00 255 .68E+07
H1 H2 H3 W% RUT LIFE ESALS TO RUT #AX. RUT
2.00 1.50 12.00 .08 20 .61E+07 43
2.58 1.58 12.060 .80 28 .61E+07 .43
3.08 1.50 12.00 -00 20 61E+07 -4h
3.5 1.50 12.00 .00 20 .61E+ 87 .45
5.00 1.50 12.80 .20 20 -61E+07 46
%.586 1.50 12.00 .00 20 L61E+07 .48
5.00 1.50 12.80 .00 20 61E+07 50

NCFLEX- FLEXOUT.DAT

The output file (FLEXOUT.DAT) is automatically brought up, using the
NOTEPAD feature of windows. The output can be saved to another file, or printed based
on the users preference using the menu feature of the NOTEPAD.

References:

1. Khosla, N.P., Y.R. Kim, S. Satish, and N. Kim, " A Comparative Study of
Performance of Different Designs for Flexible Pavements," Final Report, Research Project
N0.23241-87-1, Department of Civil Engineering, North Carolina State University, June
1996. (document in preparation).

2. Shook. J.F.. F.N. Finn, M.W. Witczak, and C.L. Monismith. Proceedings, Fifth
International Conference on the Structural Design of Asphalt Pavements held at The Delft
University of Technology, The Netherlands, August 23-26, 1982, Vol. I, pp. 17-44.
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Table 1()  Sample input file for NCFLEX program (flexinp.dat)

FILENAME
sk ok 3k 3l 3 e e e e e
SEC1
DATE&TIME
ok ok 3 2 e e 3 e ok ok
Wednesday, July 24, 1996, @, 07:47 SLIP
ak 3k 3l 3 3 2 3¢ 3 o 3¢ e e o e 3k e ok o ok ok
1 1 35 2.00 1.
2 2 35 1.500 1.
3 4 35 12.000 1.
4 8 40 20.000 — ¢|| Fatigue calculated over 4 seasons
5 8 40 -INFIN
LAYER MODULI
SEASON 1 2 4 8 8

00 600000.00 800000.00 30400.00 14200.00 14200.00
42.00 1050000.00 1300000.00 30400.00 14200.00 14200.00
58.00 670000.00 850000.00 30400.00 14200.00 14200.00
74.00 350000.00 500000.00 30400.00 14200.00 14200.00

OTAL NUMBER OF ESALS/YEAR
ok AR Rk e
150000

TRAFFIC ANNUAL GROWTH FACTOR

*****************************#**********

1.0

STRAIN AT THE BOTTOM OF LAYER #

*#***************************#********** J lncrement any one layer ata Ume for
2 ' arriving at thickness design

FATIGUE EQUATION PARA
o o aka ROk KoKk
ID TEMP PHI(DEG)
60.00 28.00
42.00 15.00
58.00 25.00
74.00 30.00

T T
VOIDS(%)

6.00 _J] For internal calibration of fatigue
use 0.0 in input.

Tt 2

3 Design criteria - Minimum Design Life
- Minimum Design ESALSs
6 - Maximum Allowable rutting
Need to choose a minimum of 1 out of the three.To
skip any one criteria enter 0.0

seRERREKKKK e ok 2 e b ok ok e 3 3 ok ok ok ok ko kR ok kKRN

MIN DESIGN LIFE MIN DESIGN ESALS MAXIMUM ALLOWABLE RUTTING (in€

*###*****#**l**#!#*#lt*t‘*#‘t****

5

I T IR IS I 3222 2 0 1 b 4 30 2 200 3 o0 2 O 3 2 0K ak 2k ok 2 Kk ke

5 0.0

11



Table 1(b) Sample output file for NCFLEX program (flexout.dat)

PROJECT TITLE

s ok ke o o o ok e o o ke e ok

Us421 Input data
DATE&TIME
s ok o ok o s ok o ok o ok ok ok

Wednesday, July 24, 1996, @, 07:47

LAYER# D NU THICK.,IN SLIP
1 1 35 2.000 L.
2 2 35 1.500 1.
3 4 35 12.000 1
4 8 40 20.000 1
5 8 40

LAYER MATERIAL -> ID
HDS->1 HDB >2HB->3ABC->4CTB->5
LIME_SUBGRADE -> 6 CEMENT_SUBGRADE ->7 SUBGRADE -> 8

MODULI MODULI MODULI MODULI

SEASON 1 SEASON 2 SEASON 3 SEASON 4
LAYER:1 600000.00 1050000.00 670000.00 350000.00
LAYER:2 800000.00 1300000.00 850000.00 500000.00
LAYER:3 30400.00 30400.00 30400.00 30400.00
LAYER:4 14200.00 14200.00 14200.00 14200.00
LAYER:5 14200.00 14200.00 14200.00 14200.00

LAYERID-->1248
H1I H2 H3 H4 FAT.LIFE(MONTHS) ESALS TO FAT.

2.00 1.50 12.0020.00 36 .B9E+06
2.50 1.5012.0020.00 51 A3E+07 Rutting of AC layers - based on a
3.00 1.5012.0020.00 72 .18E+07 maximum design life of 5 years or a

maximum rut depth of 0.5 inches
NCSU - ASPHALT RUT CRITERIA

HI H2 H3 H4 DESIGN YEARS ESALS TORUT MAX.

2.00 1.5012.0020.00 5 .15E+07
2.50 1.5012.0020.00 5 ASE+07
3.00 1.50 12.0020.00 5 15E+07

SHELL SUBGRADE RUT CRITERIA
HI H2 H3 H4 DESIGN YEARS ESALS TO RUT 0.5

2.00 1.5012.0020.00 |36 98E+08 / Years & Esals the pavement will last

2.50 1.5012.0020.00 |36 98E+08 before a rutting of 0.5 inches will occurr.
300 1.50 12.0020.00 |36  .98E+08 - Based on SHELL Subgrade Rutting
Cntena

12



ozt

*S9XTW JV A0] 2anjeaadwa] SNsiaA sninpou JUITTTSaY 1 U.H_Jw.m.m

(4) aanmjesadwa )

oLt ool 06 08 oL 09 0¢ oz
- lll L
8696°0 = ;M
xnﬂg.o._ﬂh LVal = ~h— -gH [
£2860= 1 i
oY A
xageo- 2P L6¥S = A :9aH (@H) UodT — — ‘
. (saH) 'uodx3 - — - —

8560 H (gaH) "uodx3 . i

w029 V102 =4 :SAH aH o
aaH  + !

saH 0o

0

00C

ooy

009

008

000}

o00ci

oovi

0091

0081

000¢

(1s) sninpo jusl|isdy

13



"SUOSEIs UL JIP
JOJ snjnpow 3s1n0d aseq Aedard3e 1oy samd Kijiqeifal udiso@ ‘ez °andt4

(1SH 9°2S 40 SNINAON 2V XVYN) AV - HOUVN — — — (IS) 8P 40 SNINAOW DBV XVW) uer - 28

(IS 65 4O SNINAOW 08V XYW AON - 1d3S = == _ (1S) €'SS 40 SNINAOW 28V XYW) ATINr - 3NNP- - - - - - 4

sninpoyy aseg aebai66y paje|nojedioeg wnwixew Jo Juddidd
00l 06 08 oL 09 0S ov (1] (114 ol 0

) 1 [ 1 | i | 1 ) .
| Y T T ¥ T 1 ¥ T o

ol
114
0ot
oy
0S
09
0L
08
06

101]

14

iqeljay ubisaqg juadiad

Al



*SUOSLIS
JusIolIp 10§ sninpows apesdqns Jof 2AIND Aijiqerfal udisa@ -9z @In31g

(1S £'€2 40 SMINAOW 3avHOENS XVA) AVIA - HOUYWN — — — (ISY €2 40 SNINGOW 3AVHDANS XVN) 834 - 030

(ISM S2 4O SNINAOW JQVHDENS XVN) AON - 1d3S ——— (IS} 8'2€ 40 ITNAOW 3avHOENS XVW)LSNDNVY - INNT = .IM_

m:.:uo_z apeibgqng pajejnojesnoeg wnwixew Jo Juadiad

00l 06 08 oL 09 0S ov 0€ 0e ol 0
0
oL U
(1]
02 o
(1]
e =2
o $
(7]
0S @
=35
09
oo 2
)
o8 Z
06 <

00t

15






