AT ——

N

Mo

PR

c o

S

o
S

e

e

. o

SR

i

N

et

G b
%

R

Shnaabiens

i

! S5 7
i o

S

RTINS IO
PUSTER DETREEIY L

RRNET

TR

L

SIS
S

s

Sl

e
s

L
L

: Lhioantvien
=
e e

S

e

G

o

v

i

e

e




= e
AR
A

= n&wm gt‘é‘“—’“‘ﬁ&’g ,‘.5’%‘ Frcd
ERe e
s 2 et

R e

3
e {3 e a N A

s z faise R e 3

Khes

=

e g

i 20 e Siidiis
= SRl

: S

£ = el S e
SRR e Sl S

T e L s Vmﬁ“iﬁm

S gy ;;ng,.w Shiseatins ::,;:3 A ';Puﬂ%y

i eI LN riiin ‘?Ag}fé@ 2

N ARt SeeSEe T

oy Sy AAns

i :

= i & -
a R SR AT TR, == 3 Si A
i e = ik
e e SR
3@ : emmien it ey
A TR S R e R e
= i S s s
it e T L TR
4 St g ey ﬂ@i%t“ég‘;,%’
St R
e e Y
e s T 2

e
Sl e e
S

L

=

Bl

Lean .z'n'vl‘;«.i T
< Hoin
= wmav,,:%t“

Py

Szl

s e an e
e %M;,g.;&w% Sy
S R nn e st

=
SRR S
SEssnutnaTe e LR

e
R e = e R = = = >

TRy e e kT = A s ey e T SR e
T e L Srasiion et
SRR e T e S ERE
s = == T i SR 32T R
L X e

£

P2 IRk ey
e b

SoEdand

I e
AREaS SEhE

s :
e S < -
= e E R R T e et
2l & mE e e R
= e
& -
el
S
s 2

e
2 il T i S
e e e e : e
e = S oS 3 i 15 SR e ny ey AT e =
S s B e el e S SSnr e
i 4 S s cari e et e = i S

5 : et = : : : : Sh L
ot SR s Shoe EER SRR : fai ity e
= S e o o e TR Soenm S

i = Hlem L et
TSt

Likads
ST

o
i : =
7 T hEn RS 3 % 2 S T
e s E e R R i e iy i FaL i ik RO o 5 B
e i T = Sy . 3 T
gatd mm.‘u.ﬁ,ﬁ%@% ey pEa e 2 B S e e
sl ernta e e e e T e R e G i E PSR e AL e RLeRTOR
b et T e e HoE e R = S
i i = Rt 2 > s 3 2 L Ena 2 i
i = o S : S =

Shnt SRR el e £ EREL =
5 e : e : e = Shetes = =

& RS e iyl 5 ORI e e R &5 e

s L L = >

- SEL RGeS s

e SEe
e T 5 et
823 it ﬁ&:cxw,,«;fgfw@’%g,
e i i
S e e i
=l aaens T . : : couiy
iy e Pl Sl e e ) pene e iy
: = e i sl nnae el
e : £ =

ia
S
Y B
o5

- =

v ‘3;)7 il ;;: o =5 ool o - uﬁ‘{
s SR s B e
oy e 5 i s e - :

el e e > h et Ll e

= 2 SRR 3 5 SAE Gt SRS et

i o

G

o
i
WE
5

e

Shn GE s
e et aniine

T LR P T

s
Qi o S gk s AN
i LS et SRl D Sl S
e iy tRiaes 3 Eecin v cathin pedy

i

SR N s s et

i i j e £
TR o 7 FREiT e

Sl

LA

SN

AR 3
Ml SRS
L
R
Lot
SRARER STkl
Sh
S
Sy

5, YOKSEXDERETIN KUb.
gt o 0 ERRES

i
R




ABSTRACT

Although it may vary form . - to country, highway construction investments constitute a
high portion in rural transportation investments and expenditures. Especially, construction of the
freeways may have even important negative impacts on the country’s budget.

Today, the construction cost of the pavement of a rural highway represents about 60% of the
total cost of the construction in Turkey. Hence, a very careful and realistic design of the pavement is
indispensable for satisfactory performance as well as economical solutions.

At the beginning of a highway project, the priority for the design engineer is to take into
consideration and to assure the required strength and load carrying capacity of the highway. In fact, there
will always be different solutions or alternatives which may give satisfactory results, but only one of them
will be the most economical solution.

For important roads, sometimes an increase of 1 cm in pavement thickness, or the use of one
material instead of another may have an important effect on the total cost. Hence precision and trial of the
- different alternatives may lead to more economical solutions.

In this study. a computer aid design method based on AASHTO Guide procedures offers this
opportunity to designer. The computer program presented in the study facilitates to obtain precise results
and to test different data combinations.

First, AASHTO Method of design, revised again in 1986, is introduced and then above mention
computer program developed for flexible highway pavements is presented in detail.

Computer program developed by the author minimized the assumptions thereby reducing
technical and especially human errors. The use of the program shortens also the time for pavement design
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CHAPTER 1

INTRODUCTION PAVEMENT DESIGN PROCEDURES
And AASHTO METHOD

1. Introduction And Background

1.1 General

1.1.1 Introduction

The determination of the highway pairement thickness has always been a problem for the

transportation engineers.
The core of all methods used till now by designers are based on the consideration of the

traffic, load and material characteristics. Some of these methods may be classified as following groups '

a) Methods based on soil classification, such as Group Index Method,

b) Methods based on soil strength tests, such as CBR (California Bearing Ratio) Method,

¢) Methods based on theoretic or semi-theoretic considerations and laboratory tests, such
as, triaxle test or Hveem Stabilometer Method,

d) Methods based on the information obtained on the experzments and road tests, such as
TRRL Method in the England and AASHTO Method in USA.

It may be worthnoting to explain briefly some of these methods, espema]ly the methods used
extensively in other countries and in Turkey during last years.

a) Group Index Method: This method relies on the resistance of the subgrade soil which
evaluated by the GI formulated as follow:

GI=02%*a+ 0.005*a*c+ 0.0l *b*d Eq 1.1
where

a and b are variables depending upon fines passing sieve,

¢ is a variable depending upon the likid limit and plastic limit of the soil, and

d depends on the plasticity index of the soil.

G1 varies from 0 to 20. The smaller GI values are better for engineering purposes.

This method has some assumptions that the subgrade is compacted to 95 %, and base and
subbase courses are compacted to 100 % of their AASHTO densities (standard proctor) and water table
is kept at least at 90 to 120 cm below subgrade.

b) CBR Method: This method is based on CBR (California Bearing Ratio) penetration test
and has a set of design charts based on field and laboratory investigations. After determining CBR values
of subgrade, subbase and base course materials, the design chart given in Figure 1.1 below is used to
determine the thicknesses @

* Numbcrs in parenthesis indicale the references given at the end of the text.
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It is important
to note that the chart in
figure is only an example
and it may be modified in
each country according to

0 T the regional conditions.
— The wheel loads on the
10—y :j:j(é?j:ﬂ 1] curve are simple .wheg.]
- —-1;‘@» o A : loads. However, it is
g ol 25 // / : & assumed that loads
2 £ A ‘ exceeding 9000 Ibs are on
.g 30 pA1 «‘ﬁw 111 1T 71T duel-wheels.

// / From the curve,
40— for a given wheel load,
A thickness above a layer can
o5 6 7810 20 ‘ 30 40 50 60 80 100 be determined when fhe
CBR (per cent) chart is entered with the

CBR value of that layer .
This method is
. still used in some countries,
but its utilization in Turkey
Figure 1.1 Chart to determine thicknesses of layers varying is limited to the flexible

due to wheel load and CBR value @ pavements With surface

treatment. .

Since they do not consider experience and environmental effects which affect the road as
much as the other factors, these methods cannot be said to be realistic methods.

Here, AASHTO Method considering experience, road tests and environmental effects on a
highly large scope is the main goal of this study.

1.1.2 Scope

The scope of this study is to introduce the AASHTO Method developed latest in 1986 and to
present a computer program consisting procedures of this method being for flexible pavement.
The study were limited only by flexible pavement design and computer program preparation.

1.2 Content of study

This pavement structure design study provides a comprehensive set of procedures which can
be used for the design and reconstruction of pavements; both flexible (asphaltxc concrete surfaces) and
aggregate-surfaced for low-volume roads. A glossary of terms, as used in this study, is provided in
Appendix A. It is recognized that some of terms used herein may differ from those used in local practice.

It should be remembered that the total set of considerations required to assure reliable
performance of a pavement structure will include many factors other than the determination of layer

—
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thickness of the structural components, such as material requirements, construction requirements and
quality control.

Since these structural components are concepts which must be deeply examined, this study.
could not describe these subjects. It, therefore, was mentioned and described briefly anywhere in the
study.

Chapters up to chapter 6 have been prepared as a summary background to assist the user in
the proper interpretation of the design procedures. This chapter provides information of design
considerations. Chapter 2 provides a pavement design procedures. Chapter 3 and Chapter 4 provides
overlay design in the scope of reconstruction and low-volume road design respectively. Chapter 5
provides examples computed. Chapter 6 presents a software consisting new pavement design and
overlay construction. To help the user to be familiar names of functional parts of a road, a typical cross-
section of a flexible and rigid pavement was presented in Figure D-10.

1.3 Design Consideration

The AASHTO Method of design provided in this study includes consideration of the
following items ®* :

a) Pavement performance,
b) Traffic,

¢) Roadbed soil,

d) Materials of construction,
¢) Environment,

) Drainage,

&) Reliability.

Each of these factors is discussed in this chapter. It is worth noting again that the study (that
this study summarizes AASHTO Method) describes and provides determinations of some factors, there
are a number of considerations which are left to the user for final determination, e.g., drainage
coefficients, environmental factors and terminal serviceability. The effect of seasonal varia tions on
material properties and careful evaluation of traffic for the designed project are details which the designer
should investigate thoroughly.

The basic design equations uscd for flexible pavement are as follows:

log“{fli’é}[.s J
+2.32 *logl Mkl +8.07
log 10(W1s)=Zg *.Sa+ 9.36 * logio(SN+1) - 0.20 ( 49 +( 1094 J Eq. 1.2
( SN + ])5419
where W, - predicted number of 18-kip equivalent single axle load applications,
Z : standard normal deviate,
Se : combined standard error of the traffic prediction and performance prediction,
* In the preparation of the text, Reference No: 3 was exhaustively used.
o 3 |
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APSI: difference between the initial design servxceablhty index, Po, and the design terminal
serviceability index, Pt,
and M,, : resilient modulus (psi).

SN is equal to the structural number indicative of the total pavement thickness required.

SN=al*D1+32*D2*m2+a,5*'D3*m3 Eq 13
where
aj =i th layer coefficient,
Dj =i th layer thickness (inches) and
mj = i th layer drainage coeficient.

The design nomograph presented in Appendix D, Figure D-9, solves this equation for the
structural number (SN) for flexible pavements. The structural number is an abstract number expressing
the structural strength of a pavement required for a given combinations of soil support (Mg), total traffic
expressed in equivalent 18-kip single axle loads, terminal serviceabilty, and environment. The required
SN must be converted to actual thickness of surfacing, base and subbase courses, by means of
appropnate layer coeffcients representing the relative strength of the construction materials.

In effect, the layer coefficient are based on the elastic moduli My, and have been determined
based on stress and strain calculations in a multilayered pavement system. Using these concepts, the layer
coeffecient may be adjusted, increased, or strain required to provide comparable performance. Chapter 2
details how each of the design considerations are to be treated in selecting the SN value and how to
decompose SN into layers agcording to material properties and function, i.e., surface, base, subbase and
so forth, .

It is important to recognize that equation above were derived from empirical information
obtained at the AASHTO Road Test.

1.4  Pavement Performance

The structural performance of a pavement relates to its physical consideration, i,e., occurance
of cracking, faulting, raveling, etc. But the functional performance of a pavement concerns how well the
pavement serves the user.

In order to qualify this the ‘serviveability performance' concept was developed by the
AASHTO Road Test staff. An explanation of the concept herein seems worthwhile. The serviceability-
performance concept is based on five fundamental agsumptions,summarized as follows:

a) Highways are for the comfort and convenience of the travelling public (user),

b) Comfort, or riding quality, is a matter of subjective responce or the opinion of user.

¢) Serviceability can be expressed by the mean of the ratings given by all highway users.

d) There are physical characteristics of a pavement which can be measured objectively and
which can be related to subjective evaluations. This procedure produces an objective serviceability index.

¢) Performance can be represented by the serviceability history of a pavement.

The serviceability of a pavement is expressed in terms of the present serviceability index
(PSI). The PSI is obtained from measurements of roughness and distress, €.g., cracking, patching and rut

(1 4




depth (flexible), at a particular time during the service life of the pavement. Roughness is the dominarit
factor in estimating the PSI of a pavement. Thus, a reliable method for measuring roughness is important,
for the design 6f pavements, the change in roughness will control the life cycle of pavements. In this
regard, the quality of construction will influence performance and the life cycle of the designed pavemerit.
The initial pavement smoothness is an important design consideration. For example, the life cycle of a
pavement initially constructed with a smoothness or PSI of 4.5 will have significantly longer life cycle
than one constructed to a PSI of 4.0. Thus, quality control in the construction of a pavement can have a
beneficial impact on performance (life cycle).

The scale for PSI ranges from 0 to 5, with a value of 5 representing the highest index of
serviceability. For design it is necessary to select both an initial and terminal serviceability index. The
initial serviceability index (Pj) is an estimate by the user of what the PSI will be immediately after
construction. Values of Pi established for AASHTO Road Test conditions were 4.2 for flexible
pavements and 4.5 for rigid pavements.

The terminal serviceability index (Py) is the lowest acceptable level before resurfacing or
reconstruction becomes necessary for the particular class of highway. An index of 2.5 or 3.0 is often
suggested for use in the design of major highways, and 2.0 for highways with a lower classification. For
relatively minor highways, where economic considerations dictate that initial expenditures be kept low, a
Pt of 1.5 may be used. :

The major factors influencing the loss of serviceability of a pavement are traffic, age and
environment. Each of these design requirements included in AASHTO Guide.

An effort is met to account for the effects of environment on pavement performance in
situations where swelling clay or frost heave are encountered. Thus, the total change in PSI at any time
can be obtained by summing the damaging effects of traffic, swelling clay and/or frost heave, as shown in
equation below and illustrated in Figure D-11. . .

APSI = APSI raffic VAP SI swell/frost heave Eg14
where ’

APSI : total loss of serviceabilty, -

APSL . : serviceabilty loss due to traffic (ESAL's) and

APST o heave - SETViceability loss due to swelling
and/or frost heave of roadbed soil.

It can be noted in Figure D-11 that effect of swelling soils or frost heave is to reduce the
predicted service life of the pavement. The AASHTO Guide does not recommend increasing pavement
structural thickness to offset the serviceability loss due to swelling soils; but it is feasible, however, to
control frost heave by increasing the thickness of non-frost-susceptible material.

In many swelling situations, it may be possible to reduce to acceptable limits the effect of
swelling soil by stabilization of the expensive soil. When experience indicates this is a viable procedure, it
is not necessary to estimate the effect of swelling soil on the life cycle.

The predicted effect of frost heave is based on a limited amount of information in the

literature. The most accepted procedure to minimize the effect of frost heave is to replace the frost-
susceptible material with non-frost-susceptible material to a depth of one-half or more of the frost depth.
If agency design procedures include provisions to mitigate the detrimental effects of frost, the
serviceability loss due to frost heave should be ignored, i.e., assumed to be zero.

(s




1.5 Traffic

The results of the AASHTO Road Test have shown that the damaging effect of the passage
of an axle load can be represented by a number of 18-kip equivalent single axle loads or ESAL's. For
example, one application of a 12-kip single axle was found to cause damage equal to approximately 0.23
applications of an 18-kip single axle load, and four applications of a 12-kip single axle were required to
cause the same damage (or reduction in serviceability) as one application of an 18-kip single axle. This
concept has been applied to the design equations and nomographs. The determination of design ESAL's is
a very important consideration for the design of pavement structures.

Available load equivalency factors are considered the best available of the present time,
representing information derived from the present time, representing information derived from the
AASHTO Road Test. The empirical observations on the Road Test covered a range of axle loads from 2
to 30-kips on single axles and 24 to 48 kips on tandem axles.

Sinceé pavements, new or rehabilitated, are usually designed for period ranging from 10 years
to 20 years or more, it is necessary to predict the ESAL's for this period of time, i.e., the performance
period. Performance period is defined as the period of time that an initial (or rehabilitated structure) will

. last before reaching its terminal serviceability. The ESAL's for the performance period represent the
cumulative number from the time the roadway is opened to traffic to the time when the serviceability is
reduced to a terminal value (e.g., Pt equal 2.5 or 2.0). If the traffic is under estimated, the actual time to

Pt will probably be less than the predicted performance period, thereby resulting in increased maintenance
and rehabilitation costs. The max. performance period to be used in designing for a particular pavement
should reflect engineer or agency experience. :

The equivalent loads derived from many traffic prediction procedures represent the totals for
all lanes for both directions of travel. This traffic must be distributed by direction and by lanes for design
purposes. Directional distribution is usually made by assigning 50 percent of the traffic to each direction,
unless available measured traffic data warrant some other distribution. In regard to lane distribution, 100
percent of the traffic in one direction is often assigned to each of the lanes in that direction for purposes
of structural design if measured distribution are not available.

Prediction of future traffic are often based in post traffic history. Several factors can influence
such predictions. For purposes of pavement structure design, it is necessary to estimate the cumulative
number of 18-kip equivalent single axle loads (ESAL's) for the performance period. The number of
ESAL's may or may not be proportional to the average daily traffic. Truck traffic is the essential
information required to calculate ESAL's; it is therefore very important to correctly estimate future truck
-traffic for the facility during the performance period.

Traffic may remain constant, or increase according to a straight line or at an accelerating
(exponential) rate. In most cases, highways classified as principal arterial or interstate will have
exponential growth. Traffic on some minor arterial or collector-type highways may increase along a
straight line, while traffic on some residential streets may not change because the use remains constant.
Thus, the designer must make provision for growth in traffic from the time of the last traffic count or
weighing through the performance period selected for the projected under consideration.

The load equivalency factor increases approximately as a function of the ratio of any given
axle load to the standard 18-kip single axle load raised to the fourth power. For example, the load
equivalency of a 12-kip single axle lis given as 0.19 while the load equivalency for 20-kip single axle is
1.51. Thus the 20-kip load is 8 times as damaging as the 12-kip load, i.e., (20-12) . This relationship will
vary depanding on the structural number and terminal serviceability.

(1 6




The reliability factor, that will be included in this study, has been developed to provide
consideration of uncertainties in both traffic predictions and performance predictions. The standard
deviation of the relationship between predicted and actual traffic has been reported to be on the order of
0.2. In effect, the actual traffic may be 1.6 (one standard deviation) to 4.0 times (three standard
deviations) as much as predicted.

The experimental design at the AASHTO Road Test included a wide range. However, the
applied load were limited to a maximum of 1.114.000 axle applications for those sections which survived
the full trafficking period. Thus the maximum number of 18-kip equivalent single axle loads (ESAL's)
applied to any test section was approximately one million. However, by applying the concept of
equivalent loads to test sectlons subjected to only 30-kip single axle loads, for example, it is possible to
extend the findings to 8 10° ESAL's. Use of any design ESAL's above
8 10° requires extrapolation beyond the equations developed from the Road Test results.

1.6 Roadbed Soil

The definitive material property used to characterize roadbed soil for pavement design in
AASHTO Guide is the resilient modulus (Mg). The procedure for determination of Mg is given
AASHTO Test Method T274. The resilient modulus is a measure of the elastic property of soil
recognizing certain nonlinear characteristics. The resilient modulus can be used directly for the design of
flexible pavements.

It is recognized that TCK regional highway agencies as many ones do not have equipment for
performing the resilient modulus test. Therefore, suitable factors are reported which can be used to
estimate My from standard CBR, R-value, and soil index test results or values. The development of
these factors is based on agencies of the knowledge correlations. It is strongly recommended that user
agencies acquire the necessary equipment to measure Mg. :

A range of soil types, saturation and densities should be included in the testing program to
identify the main effects. Heukelam and Klomp have reported correlations between the Corps. of
Engineers CBR and the in situ modulus of soil as below:

M,(psi) = 1500 * CBR Eql5

The data from which this correlation was developed ranged from 750 to 3000 times CBR but
relationship above has been used extensively and is considered reasonable for fine-grained soil with a
soaked CBR of 10 or less. The CBR here should correspond to the expected field density.

Similar relationship have also been developed by the Asphalt Institute which relate R-value to
M,, as follows:

M (psi) = A + B * (R-Value) Eq 1.6
where
A =7721t0 1155 and
B = 369 t0 555.

For the purposes of this study, the following correlation may be used for fine-grained soils (R-
value less than or equal to 20).

7



M, = 1000 + 555 * (R-Value) | Eq 1.7

This discussion summarizes estimates for converting CBR and R-Value to a resilient
modulus for roadbed soil. Similar information is provided for granular materials in next section ‘Materials

Of Flexible Pavement Construction’,
It must not be forgotten that if the specified density is used in project, it must be attended

during construction by compaction adjustment.

1.7 Materials Of Flexible Pavement Construction

For flexible pavements, it may be necessary to convert CBR or  R-Value information to
resilient modulus, M. In the absence of correlations, the following correlations are provided for unbound

granular materials (base and subbase):

Table 1.1 Correlations between MR and 0
(stress state)”
- where 6 : sum of the principal stresses,
0 (psi) Mk (psi) : 0,+0, 0,
Refemng to AASHTO Test T. 274, this
corresponds to o+ 3 o; when G, =0, -

03.
100 740 * CBR or 1000 + 780 * R The strength of the granular base or
N 4 subbase is related to the stess state which
30 440 * CBR or 1000 +450 * R will occur under operating conditions. The
sum of the principals stresses, 0, is a
20 340 * CBR or 1000 +350 * R measure of the stress state, which is a

s i f 1 t thick |

10 250 * CBR or 1000+ 250 * R function of pavement thickness, load, and

the resilient modulus of each layer. As
design engineers become increasingly
familiar with these parameters, it will be
possible to determine the stress state from a layered systems. However, if such information is not
available, estimates of resilient modulus values provided in previously in Section 1.6 may be used.

As shown in Figure D-10, flexible pavements generally consist of a prepared roadbed
underlying layers of subbase, base and surface courses.

1.7.1  Prepared Roadbed

The prepared roadbed is a layer of compacted roadbed soil or select borrow material which
has been compacted 1o a specified density.

* AASHTO Interim Guide
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1.7.2  Subbase Course

The subbase course is the portion of the flexible pavement structure between the roadbed soil
and base course. It usually consists of a compacted layer of granular material, either treated or untreated,
or of a layer of a soil treated with a suitable admixture. The subbase material should be of significantly
better quality than the roadbed soil. Becquse lower quality materials may be used in the lower layers of a
flexible pavement structure, the use of a subbase course is often the most economical solution for
construction of pavements over poor roadbed soils. For use in flexible pavement design procedure,

subbase material requires the use of a layer coefficient (&;) in order to convert its actual thickness to a
structural number (SN) which will be mentioned later. Untreated aggregate subbase should be compacted
to 95 percent of maximum laboratory density or higher or the equivalent.

Subbase courses may have also additionally functions, such as:

a) preventing the intrusion of fine-grained roadbed soils into base courses,

b) minimize the daamge effects of frost action,

¢) preventing the accumulation of free water within or below the pavement structure,

d) providing a working platform for construction equipment, that may be important when
roadbed soil cannot provide the necessary support.

1.7.3 Base Course

.

The base course is the portion of the pavement structure immediately beneath the surface
course. It is constructed on the subbase course. Its major function in the pavement is structural support.
It usually consists of aggregate such as, crushed stone, crushed slag, crushed gravel and sand or
combination of these materials. It may be used untreated or treated with suitable stabilizing admixtures,
such as, portland cement, asphalt, lime, cement-flyash and lime-flyash, i.e., pozzolonic stabilized bases.
Specifications for base course materials are generally considerably more stringent than for subbase
materials in requirements for strength, plasticity and gradation. , .

When utulizing pozzolonic stabilized bases under a relatively thin asphaltic wearing surface, it
can usually be expected that uncontrolled transverse reflection cracks will occur in the surface in a
relatively short period of time, e.g., 1 to 3 years.

Untreated aggregate base should be compacted to at least 95 percent of maximum laboratory
density based on AASHTO Test T180, Method D, or the equivalent,

For use in the design procedure for flexible pavements, base material must be represented by a
layer coefficient (a,) in order that its actual thickness may be converted to a structural number.

1.7.4 Surface Course

The surface course of a flexible structure consists of a mixture of mineral aggregates and
bituminous materials placed as the upper course and usually constructed on a base course. In addition to
its major function as a structural portion of the pavement, it must also be designed to resist the abrasive
forces of traffic, to reduce the amount of surface water penetrating the pavement, to provide a skid-
resistance surface, and to provide a smooth and uniform rigid surface. )

The use of laboratory design procedure is essential to ensure that a mixture will be
satisfactory. Dense-graded aggregates with a maximum size of about 1 inch are most commonly specified
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for surface courses for highways. Surface courses are usually prepared by hot plant mixing with an
asphalt cement, but satisfactory performance has also been obtained by cold plant mixing, or even mixing
in-place, with liquid asphalts or asphalt emulsions. Hot plant mixes, e.g., asphalt concrete, are
recommended for use on all moderate to heavily trafficked highways.

Construction specifications usually require that a bituminous material be applied on untreated
aggregate base course as a prime coat, and on treated base courses and between layers of the surface
course to serve as a tack coat.

It is particularly important that surface courses be properly compacted during construction.
Improperly compacted surface courses are more likely to exhibit a variety of types of distress that tend to
reduce the life and overall level of performance of the pavement. Theoritical maximum densities of 92
percent or more are sometimes specified for dense-graded mixes.

For use in design procedure, Figure D-4 will be used to determine structural coefficients of
upper layers over base course.

1.8 . Environment

There are two main environmental factor that.are considered with regard to pavement
performance and pavement structure design. Specifically, these are temperature and rainfall.

Temperature will affect the creep properties of asphalt concrete, thermal-induced stresses in
asphalt concrete, contraction and expansion of portland cement concrete, and freezing and thawing of
roadbed soil.

Rainfall, if allowed to penetrate the pavement structure or roadbed soil, will influence the
properties of these materials. Freezing and thawing of roadbed soil has tradl‘uonally been a major concern
of pavement designers.

Frost heaving of soil within or beneath a pavement is caused by the accumulation of ice within
the larger soil voids and, usually, a subsequent expansion to form continues ice lenses, layers veins, or
other ice masses.

Thawing can proceed from the top downward, from the bottom upward or both, that this
depends on the pavement surface temperature.

_ In summary, frost action due to freezing temperatures in soil, can cause both heaving and
thaw-weakening. Laboratory tests and field evaulations indicate that the retained modulus during the
thaw-weakening period may be 20 to 50 percent of the normal modulus obtained during the summer and
fall periods. Note that the modulus is related to CBR, R-value, or plate bearing value and, hence,
experience with these types of strought tests can be used to infer the seasonal effects on the modulus.

In addition to these effects, swelling and frost heave will be mentioned at next chapter to put
into design procedure.

1.9 Drainage

Drainage of water from pavements has always been an important consideration in road
design;however,current methods of design have often resulted in base courses that do not drain well.
Water enters the pavement structure in many ways, such as, through cracks, joints, or pavement
infiltration, or as groundwater from an interrupted aquifier, high water table or localized spring.

Drainage effects are directly considered in terms of the effect of moisture on roadbed soil and
base strength in the swelling and frost heave consideration.
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For new design, the effect of drainage by modifying the structural layer ceflicient as a function
of:

a) the quality of drainage (e.g., the time required for the pavement to drain), and

b) the percent of time the pavement structure is exposed to moisture levels approaching
saturation.

1.10  Reliability

The reliability of a pavement design-performance process is the probability that a pavement
section designed using the process will perform satisfactorily over the traffic and environmental

conditions for the performance period (= design period).
The reliability equation is assumed to be an explicit mathmatical formula for predicting the
number of ESAL (w,g) that the any section of road can withstand before it reaches a specified terminal

level of serviceability (P¢). Reliability design factor, Fy , is composed of four categories as below:

a) pavement structure factors, such as, subbase thickness,

b) roadbed soil factors, such as, roadbed soil resilient modulus,
¢) climate-related factors, such as, drainage coeflicients, and
d) pavement condition factors, such as, terminal PS/.

In this study, instead of detaily explanation of Fg, only a simple formula presented below and
Table D-3 was presented due to being extensive scope.

Z.=(-log Fp)/ So Eq 1.8
where Z,, : standard normal deviate
So : overall standard deviation.

So and Fy provide for all chance variation in the design-performance process and at a known

level of reliability.
Table D-3 gives the standard normal deviate, Z,, , corresponding to selected levels of

reliability.
In summary, S¢ expresses the variance in the future traffic projections and performance
prediction in reliability scope.

1.10.1 Selection Of Overall Standard Deviation

a) The estimate overall standard deviation for the case where the varianced of projected future
traffic is considered (along with the other variances associated with the revised pavement performance
models) is 0.44 for flexible pavements.

b) The estimated overall standard deviation for the case when the variance of projected future

traffic is not considered (and the other variances associated with the revised pavement performance
models are) is 0.40 for flexible pavements.
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¢) The range of S¢ value is based on the values identified below:
0.40 - 0.50 (flexible pavements)

Tt is to recognize that inherent in the So values, identified in (a) and (b) above, is a means for
the user to specify an overall standard deviation (Sg) which better represents his ability to project future
18-kip ESAL traffic. If, becouse of an extensive traffic count and weigh-in-motion program of
AASHTO, an engineer or any agency is capable of projecting future traffic better and therefore has a
lower traffic variance, then that state might use an So value somewhere between the values identified in
(a) and (b). For example, for flexible pavements, where 8¢ (low) is 0.44 and S¢ (high) is 0.49, a value of

0.47 or 0.48 could be used.

1.10.2 Selection Of Reliability Leve]

The  selection of an
appropriate level of reliability for the
design of a particular facility depends
primarily upon the projected level of
usage and the consequences (risk)
associated with constructing an initially
thinner pavement structure. If a facility is
heavily trafficked, it may be undesirable
to have to close or even restrict its usage
at future dates becouse of the higher
levels of distress, maintenance, and
rehabilitation  associated  with  an
inadequate initial thickness. On the other
hand, a thin initial pavement (along with
the heavier maintenance and

Present Valye o Equivalent Lniforam Anaug|

Cost ()

timum
ol . _ Religbilityy  Relishiky| rehabilitation levels) may be acceptable,
o oo 20 0 90 " 1o0| if the projected level of i h
Figure 1.2 Optimum reliability for a particular design fe:verpc?)ff(l:itct(: :aﬁ t(:e ues)?f:ctzsu%igtgfé

" project

below provides a graph illustrating the
concept behind this detailed approach to identifying an optimum level of reliability for a particular design
project.

It should be recognized that this optimum reliability is applicable only to the level of usage and
consequences (risk) of failure associated with a particular project. Although other design projects may
have the some level of usage, varying soil and environmental conditions may affect the level of risk and,

therefore, the optimum reliability.

1.10.3 Reliability And Stage Construction Alternatives

When considering reliability in stage construction or 'planned rehabilation' design alternatives,
it is important to consider the effects of compound reliability. Unless this is recognized, the overall
reliability of say a 2-stage strategy (each stage designed for a 90 percent reliability level) should be 0.90 *
0.90 or 81 percent. Such a strategy could not be compared equally with a single-stage strategy designed
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for 90 percent reliability. For cases where the initial design period is less than the desired analysis period,
stage construction or planned rehabilition is required (for the deisgn strategy to last the analysis period)
and the definition of reliability must be expanded to include the uncertainty associated with the additional
stage(s). Assuming that the probability of one stage lasting its design period is independent of that of
another stage, the probability or overall reliability that all stages will last their design periods (or that the
strategy will last the entire analysis period) is the product of the individual stage reliabilities.

‘ Thus, in order to achieve a certain overall design reliability (Roveran) in a particular design
strategy, the following equation should be applied to establish the individual reliability (Ry.ge) required to
design each stage:

4
Rstagc = (R0verall)/n

Where (n) is equal to the number of stages including that of the initial pavement structure.



. CHAPTER 2

PAVEMENT DESIGN PROCEDU RES FOR NEW CONSTRUCTION

2.1 Background

One of the major objectives of the AASHTO Road Test was to provide information that
could be used in developing pavement design criteria and pavement design procedures.

AASHTO Interim Guide, edited once again in 1986, contains following modifications to
the old versions, for the flexible pavement design procedures:

a) The soil support number is replaced by the resilient modulus to provide a rational
testing procedure that may be used by an agency to define the material properties.

b) The layer coefficients for the various materials are defined in terms of resilient modulus
as well as standard methods ( CBR and R-Value).

¢) The environmental factors of moisture and temperature are objectively included in the
Guide so that environmental considerations could be rationally accounted for in the design
procedure.

_d) Reliability is introduced to permit the designer to use the concept of risk analysis for
various classes of roadways.

¢) Stage construction (i.e., planned rehablhtatlon) design procedures are incorporated.

22 Scope

The procedure contained here is basically an extension of the ‘algorithms originally
developed from the AASHTO Road Test. As a new concept, stage construction is presented to provide
the designer with the option of examining numerous alternatives for selection of an optimum pavement
design strategy for a facility. :

This part also permits the designer to account for pavement serviceability loss resulting
from both traffic loads and environment. The environmental aspects are considered in terms of both their
direct and indirect effects on the serviceability index. The direct environmental effects are in terms of
swelling and frost heave of the roadbed soil, while the indirect effects are in terms of the seasonal
variation of material properties and their impact on traffic load associated serviceability loss. The designer
has the option of not considering either of these environmental factors, if so desired.

23 Design Variables

2.3.1 Time Constraints

Consideration the dimension of time constraints is required for both highway and low-
volume road design. Time constraints permit the designer to select from strategies ranging from the initial

structure lasting the entire analysis period (i.e., performance period equals the analysis period) to stage
construction with an initial structure and planned overlays.
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2.3.1.1 Performance Period

This refers to the period of time that an initial pavement structure will last before it needs
rehabilitation. It can also be explained that performance period is equivalent to the time elapsed as a new ,
constructed , or rehabilitated structure deteriorates from its initial serviceability to its terminal
serviceability.

The minimum performance period is the shortest amount of time a given stage should last.
For example, it may be desirable that the initial pavement structure last at least 10 years before some
major rehabilitation operation is performed.

The maximum performance period is the maximum practical amount of time that the user
can expect from a given stage. For example, experience has shown in areas that pavements originally
designed to last 20 years required some type of rehabilitation or resurfacing within 15 years after initial
construction. This limiting time period may be the result of PSI /oss due to environmental factors,
disintegration of surface, etc. The selection of longer time periods than can be achieved in the field will
result in unrealistic designs.

2.3.1.2 Analysis Period

This refers to the period of

Table 2.1 Analysis period due to highway time for which the analysis is to be
classifications * conducted, i.e., the length of time that

‘ any design strategy must cover. Because

Highway Condition Analysis Period of the considerfitiorl. of the maximum
(years) performance period, it may be necessary

to consider and plan for stage
construction (i.e., an initial pavement

Hfgh Volume Ughgh 0 structure followed by one or more
High Volume Rural 20 - 50 rehabilitation operations) to achieve the
Low Volume Paved 15-25 desired analysis period.  Table 2.1 is
Low Volume general guideline.

Aggregate Surfaced 10-20

2.3.2 Traffic

The design procedures for both highways and low-volume roads are all based on cumulative
expected 10-kip equivalent single axle loads (ESAL) during the analysis period (w,y).

For any design stuation in which the initial pavement structure is expected to last, the
analysis period without any rehabilitation or resurfacmg, all that is required is the total traffic over the
analysis period., If, however, stage construction is considered, i.e., rehabilitation or resurfacing is
anticipated (due to lack of initial funds, roadbed swelling, frost heave, etc.), then the user must prepare a
graph of cumulative 18-kip ESAL traffic versus time, as illustrated in Figure D-1. This will be used to
separate the cumulative traffic into the periods (stages) during which it is encountered.

The predicted traffic furnished by the planmng group is generally the cumulative 18-kip
ESAL axle applications expected on the highway , wher' eas the designer requires the axle applications in

* Aashto Interim Guide
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the design lane. Thus, unless specifically furnished, the designer must factor the design traffic by direction
and then by lanes (if more than two). The following equation may be used to determine the traffic (W,g)
in the design lane:

W,,=Dp*D, *wg, Eq 2.1
where

Dp: a directional distribution factor, expressed as a ratio, that accounts for the distribution .
of ESAL units by direction, e.g., east-west, north-south, etc.,

D, : a lane distribution factor, expressed as a ratio, that accounts for distribution of traffic

when two or more lanes are available in one direction,
w,, ¢ the cumulative two-directional 18-kip ESAL units predicted for a specific section of

highway during the analysis period as explained in Chapter 1.

Although the Dy factor may vary from 0.3 to 0.7, but is generally 0.5 (50 %) for most
highways, depending on which direction is Joaded and which is unloaded. For the Dy, factor, the
following table may be used as a guide:

"Table 2.2 Percent of 18-kip ESAL in cach direction,

No of Lanes in each direction | Percent of 18-kip ESAL in design lane
11 100

2 80 - 100

3 60 - 80

4 50-75

2.3.3 Reliability

Basically, it is a means of incorporating some degree of certainty into the design process
to ensure that the various design alternatives will last the analysis period. The reliability design factor
accounts for chance variations in both traffic prediction (w,y) and the performance prediction (W g)and
therefore provides a predetermined level of assurance R that pavement sections will survive the period for
which they were designed. '

Generally, as the volume of traffic, difficulty of diverting traffic, and public expectation of
availability increases, the risk of not performing to expectations must be minimized. This accomplished by
selecting higher levels of reliability. Table D-1 presents recommended levels of reliability for various
functional classifications. Note that the higher levels corresponds to the facilities which receive the most
use, while the lowest level, 50 percent, corresponds the local roads.

Application of reliability concept requires the following steps:
1) Define the functional classification of the facility and determine whether a rural or urban
condition exists.

2) Select a reliability level from the range given in Table D-1. The greater the value of
reliability, the more pavement structure required.
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3) A standard deviation (Sg) should be selected that is representative of local conditions.

Values of S¢ developed in AASHTO Road Test did not include traffic error. However, the

performance prediction error developed at the Road Test was 0.35 for flexible pavements. This
corresponds to a total standard deviation for traffic of 0.45 for flexible pavements.

2.3.4 Environmental Effects

The environment can affect the pavement performance in several ways. Temperature and
moisture changes can have an effect on the strength, durability, and load-carrying capacity of the
pavement and roadbed materials. Another major environmental impact is the direct effect roadbed
swelling, pavement blowups, frost heave, disintegration, etc., can have on loss of riding quality and
serviceability. This study provides only the criteria necessary for quantifying the input requirements for
evaluating roadbed swelling and frost heave. If either of these can lead to a significant loss in
serviceability or ride quality during the analysis period then it (they) should be considered in the design
analysis for all pavement structural type, except perhaps aggregate-surfaced roads.

The objective of this step is to produce a graph of serviceability loss versus time, such as
that illustrated in Figure D-2. The chart may be used to esfimate the serviceability loss at intermediate
periods, e.g., at 13 years, the loss is 0.73 in the example figure. Obviously, if only swelling or only frost
heave is considered, there will be only one curve on the graph.

2.3.4.1 Roadbed Swelling

To generate the swelling cutve, it is first necessary to estimate three varlables which affect
the rate and potential magnitude of serviceability loss due to swelling :

a) Swell Rate Constant,

b) Potential Vertical Rise, and

¢) Swell Probability.

Note that, swelling need only be considered for fine-grained soils such as clays and silts,
but all clays and silts are not swelling materials.

a) The Swell Rate Constant (0) is a factor used to estimate the rate of which swelling
will take place. This constant can vary anywhere between 0.04 and 0.20. A higher value should
be used when the soil is exposed to a large moisture supply from either high rainfall, poor
drainage, or other sources of moisture. Lower values should be used when the roadbed has less
access to moisture. Figure B-/ provides a chart for subjectively estimating the rate of roadbed
soil swelling, considering the available moisture supply and the fabric of roadbed soil.

b) The Potential Vertical Rise (Vy) represents the amount of vertical expansion that can
occur in the roadbed soil under extreme swell conditions (i.e., high plasticity and extended
moisture availability. The designer may obtain Vr from laboratory test results, an empirical
procedure, or by experience. Figure B-2 provides a chart that can be used to estimate the Vr at
a particular location given the swelling layer’s plasticity index (ASTM Test No D424), moisture
condition, and overall thickness of the layer. The moisture condition is a subjective decision
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based on an estimate of how close the soil moisture conditions during construction or to the in
situ moisture conditions at a later date.

) Swell Probability (Ps) represents the proportion (expressed as  a percent) of the
project length that is subject to swell. The probability of swelling at a given location is considered
to be 100 percent if the roadbed soil plasticity index (AASHTO 790) is greater than 30 and the
layer thickness is greater than 2 feet (or if the Vg is greater than 0.20 inches). If the project length is
separated into swelling and nonswelling materials and they are treated separately, then a probability
of 100 percent is used for the swelling sections. '

~ Figure B-3 presents swelling curve accomplished by solving the swelling serviceability
loss equation below:

APSlgy = 0.00335 * V, * Pg * (1" *') Eq2.2

Moisture condition (or supply) refers to the availability of moisture for roadbed soil
absorption and Vy represents the potential vertical rise at a given site as determined from Figure B-3.
Soil fabric tepresents the capability of moisture to infiltrate the soil, most  fine-grained soils beneath a
pavement are neither fractured nor extremely tight. Note that roadbed thickness represents the thickness
of the layer subject to swell, for thickness greater than 30 feets, use 30 feets. A simple example is
presented in Figure B-3.

2.3.4.2 Frost Heave

The frost heave phenomenon is very similar to roadbed swelling that it can result in a
significant loss of road serviceability due to differential expansion (the differential values of expansion are
of interest not the total value). Frost heave occurs when free water in the roadbed soil collects and
freezes to form ice lenses. Obviously, trost heaving will not be a problem in areas which are arid or have a
minimum frost penetration into the roadbed. Frost heaving can also be minimized by providing drainage
to reduce the availability of free water.

There are three factor for frost heave:

a) Frost heave rate,
b) Maximum potential serviceability loss due to frost heave,
¢) Frost heave probability.

@) Frost Heave Rate () defines the rate of increase of frost heave roughness (in
millimeter per day). The rate of heave depends on the type of roadbed material and its
percentage of fine-grained material. Figure C-/ presents a chart that may be used to estimate
the rate of heave based on the roadbed soil’s Unified Soil Classification and percent (by weight)
of material finer than 0.02 mm (AASHTO T88). After determining material type and the
percentage of material weight finer than 0.02 mm, give percentage of soil on the horizontal scale
through the material type on the chart and read the average rate of heave not overflowing the
frost susceptibility classifications limits. The number determined can vary due to difference of
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high and low limits of frost susceptibility classifications. FFor example, let. material percentage
finer than 0.02 mm and material type be 7 mm and silty gravels’ respectively. And let frost
susceptibility classification be Low’. A number varying between 1 and 2 mm/day from example
Figure,C-1 can be read. Thus, average of these values can be used for computation.

b) The Maximum Potential Serviceability Loss (APSI max) Due To Frost
Heave is dependent on the quality of drainage and depth of frost penetration. Figure C-2 can be
used to estimate this value. Table D-5can be used as a guide.

¢) Frost Heave Probability (Py) should basically be the designer’s estimate of
percent area of the project that will experience frost lieave. Obviously, this is affected by several
factors including the extent of frost-susceptible roadbed material, moisture availability, drainage
quality, number of freeze-thaw cycles during the year, and depth of frost penetration. Figure C-
3 as Figure B-3 presents frost heave curve accomplished by solving the frost heave
serviceability loss equation below:

024
APSI =0.01 * P, * APSI__* (1-¢ " *7*!

) Eq2.3

The time, t, used in Figure B-3 and Figure C-3 should be equal to the analysis period.
For stage construction and rehabilitation strategies, the performance period is used. The frost heave
serviceability loss curve should then be combined with the swelling serviceability loss curve (if applicable)
to produce a total serviceability loss versus time curve as in Figure D-2. Thus, curve will then be used as
a component of the design procedure. A simple example for frost heave is presented in Figure C-3.

2.4 Serviceability

The serviceability of a pavement is defined as its ability to serve the type of traffic
(automobiles and trucks) which use the facility. The primary measure of serviceability is the Present
Serviceability Index (PSI)’, which ranges from 0 (impossible road) to 5 (perfect road). The basic design
philosophy of AASHTO Guide is the serviceability-performance concept, which provides a means
designing a pavement based on a specific total tratfic volume and a minimum level of serviceability
desired at the end of performance period.

Selection of the lowest allowable PSI or terminal serviceability index Pg¢ is based on the
lowest index that will be tolerated before rehabilitation, resurfacing or reconstruction becomes necessary.
An index of 2.5 or higher is suggested for design period or the total traffic volume, rather than by
designing for a terminal serviceability less than 2.0.

Once Pg and P¢ are established equation below should be applied to define the total

change in serviceability index:
APSI = Po - Pt Eq 2.4

It shquld be recognized that the Pg values observed at the AASHTO Road Test was 4.2
for flexible pavements.
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2.5  Material Properties For Structural Design

2.5.1 KEffective Roadbed Soil Resilient Modulus

Effective roadbed resilient modulus is established which is equivalent to the combined
effect of all the seasonal modulus values. For roadbed materials, laboratory resilient modulus tests
(AASHTO T274) should be performed on representative samples in stress and moisture conditions
simulating those of the roadbed soil for spring-thaw or winter-frozen conditions, then, for extreme cases,
practical values, of resilient moduli of 20.000 to 50.000 psi may be used for frozen conditions , and for
spring-thaw conditions, the retained modulus may be 20 to 30 percent of the normal modulus during the
summer and fall periods.

Two different procedures for determining the seasonal variation of the modulus are
offered as guidelines. One method is to obtain a laboratory relationship between resilient modulus and
moisture content. Then with an estimate of the in situ moisture content of the soil beneath the pavement,
the resilient modulus for each of the seasons may be estimated. Besides defining the seasonal moduli, it is
also necessary to separate the year into the various component time intervals during which different
moduli are effective. In making this breakdown, it is not necessary to specify a time interval of less than
one-half month for any given season.

The length of the seasons and the seasonal roadbed resilient moduli are all that is required
in terms of roadbed support for the design of rigid pavements and aggregate-surfaced roads. For the
design of flexible pavements, however, the seasonal data must be translated into the effective roadbed soil
resilient modulus described earlier. This is accomplished with the aid of the chart in Figure D-3.

Since a mean value of resilient modulus is used, design sections with coefficient of
variations greater than 0.15 (within a season) should be subdivided into smaller sections. For example, if
the mean value of resilient modulus is 10.000 psi, then approximately 99 percent of the data should be in
a range of 5.500 to 14.500 psi.

The first step of this process is to enter the seasonal moduli in their respective time
periods. If the smallest season is one-half month, then all seasonal must be defined in terms of half
months and each of the all seasons must be defined in terms in terms of whole months and only one box
per month may be filled in.

The next step is to estimate the relative damage (U) values corresponding to each
seasonal modulus. This is done using the vertical scale or the corresponding equation shown in Figure D-
3. For example, the relative damage corresponding to a roadbed soil resilient modulus of 4.000 psi is
0.51.

Next, the Us values should all be added together and divided by the number of seasonal
increments (12 or 24) to determine the average relative damage. The effective roadbed soil resilient
modulus (M), then, is the value corresponding to the average relative damage on the M, - U, scale.

Figure D-3 provides an example of the application of the M, estimation process.

2.6 Pavement Structural Characteristics

There are many types of material properties and laboratory test procedure for assessing
the strength of pavement structural materials. Elastic modulus is a fundamental engineering property of
any paving or roadbed material. The strength of the material is important. In addition to stiffness, and
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future mechanistic-based procedures may reflect stren;,th as well as stiffness in the material
characterization procedures.

It is important note that, although resilient modulus can apply to any type of material, the
notation My as used in this study applies only to the roadbed soil. Different notations are used to express
the moduli for subbase (Eg), base (Eyy), asphalt concrete (E, ) and Portland cement concrete (E).

The procedure for estimating the resilient modulus of a particular pavement material
depends on its type. Relatively low stiffness materials, such as natural soils, unbound granular layers, and
even stabilized layers and asphalt concrete, should be tested using the resilient modulus test method
(AASHTO 7274). Alternatively, the bound or higher stiffness materials, such as stabilized bases and
asphalt concrete, may be tested using the repeated-load. indirect tensile test (ASTM D-£123). 1t is difficult
to measure the modulus using the indirect tensile apparatus for Portland cement concrete and base
materials stabilized. For these, ASTM ("469, is recommended.

The elastic modulus for any type of material may also be estimated using correlations
developed by some agencies. For normal Portland cement concrete, the following correlation by
American Concrete Institute is recommended:.

E.. = 57000 * (Pc)”’ Eq2.5
where EC . PCC elastic modulus (in psi),
SFe: PCC compressive strength (in psi), using AASHT0Q 722, 1140
or ASTM €'39.

2.6.1 Layer Coefficients

Y

This section describes a method for estimating the AASHTO Structural layer cocfficients

(A, values) required for standard flexible pavement structural design. A value for this coefficient is
assigned to each layer material in the pavement structure in order to convert actual layer thicknesses into
structural number (SN). This layer coefficient expresses the empirical relationship between SN and
thickness and is a measure of the relative ability of material to function as a structural component of the
pavement. The following general equation for structural number reflects the relative impact of the layer

coefficients (@,) and thickness (D,):

SN=) a *D, Eq 2.6

i1

Although the elastic (resilient) modulus has been adopted as the standard material quality
measure, it is still necessary to identify (corresponding) layer coefficients because of their treatment in the
structural number design approach. Though there are correlations available to determine the modulus
from tests, such as R-value, the procedure recommended is direct measurement using AASHTO Method
7274 (subbase and unbound granular materials) and ASTM D-+/23 for asphalt concrete and other
stabilized materials. The discussion of how these coefTicients are separated into five categories, depending
on the type and function of the layer material. These are asphalt concrete, granular subbase, cement
treated, and bituminous base. Other materials, such as, lime, lime flyash, and cement flyash are acceptable
materials, and agency should develop charts
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a) Asphait Concrete Surface Course : Figure D-4 provides a chart that may be used to
estimate the structural layer coefficient of a dense-graded asphalt concrete surface course based on
its elastic (resilient) modulus (E,.) at 20°C. Caution is recommended for modulus values above

450.000 psi.

b) Granular Base Layers : Figure D-5 provides a chart that may be used to estimate a

structural layer coefficient, &,, from one of three different laboratory test results on a granular base
material, including base resilient modulus, E,; The AASHTO Road Test basis for these

correlations is:
a, =0.14 E,;=30.000 psi CBR = 100 (approx.) R-Value = 85 (approx.)

The following relationship may be used in lieu of Figure D-5 for granular base
material form its elastic (resilient) modulus, Eys:

a,=0.249 * (log10 E;5) - 0. 797 Eq 2.7
Table 2.3 k; and k, values varying due to moisture condition For aggregate base layers,
Eg, is a function of the stress
MOISTURE state O within the layer and is
‘ . normally given the relation:
CONDITION| k * ky* \
Egys=k * ek2
DRY 6.000-10.000! 0.5-0.7
BASE DAMP 4.000-6.000 | 0.5-0.7 where
WET 2.000-4.000 | 0.5-0.7
0 : stress state or sum of principal
DRY 6.000-8.000 [ 0.4-0.6 stresses o, + 0, + o, (psi)
SUBBASE | DAMP 4.000-6.000 | 0.4-0.6
WET 1.500-4.000 |0.4-0.6 k, , k, : regression constants
which are a function of material
type.
Typical values for base materials are: k, : 3000 t0 8000 k,:0.5t00.7

If it is possible that M, = k, 8 K2 and for k, and k, table above can be used for unbound base and
subbase materials.

¢) Granular Subbase Layers : Figure D-8 provides a chart that may be used to
estimate a structural layer coefficient, a, from one of three different laboratory results on a
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granular subbase material, including subbase resilient modulus, Eg,. The AASHTO Road Test basis
for these correlation is :

a, :0.11 Eg:15000psi CBR: 30 (approx.) R-Value : 60 (approx.)
The Eg; versus aa3 relationship similar to that for granular base materials is as follow:
a, = 0.227 * (log10E) - 0.839 Eq2.9

For aggregate subbase layers, E, is affected by.stress state O in a fashion similar to that
for the base layer. Typical values for k, range 1500 to 6000, while k, varies from 0.4 to 0.6. Also table
above can be used for subbase layer.

d) Cement-Treated Bases: Figure D-6 provides a chart that mat be used to estimate the
structural layer coefficient, a,, for cement-treated base material either its Flastic Modulus, Eyg, or,
alternatively, its 7-day Unconfined Compressive Strength (ASTM D1633).

e) Bituminous-1Treated Bases: Figure D-7 presents a chart that may be used to estimate

a, for a bituminous-treated base material from either its Elastic Modulus, g, or, alternatively
Marshall Stability (AASHTO 1245, ASTM D1559).

2.6.2 Drainage

£y

This section describes the selection of inputs to treat the effects of certain levels of
drainage on predicted pavement performance.

Note that guidance is not provided here any detailed drainage designs or construction
methods. It is up to the design engineer to identify what level (or quality) of drainage is achieved under a
specific set of drainage conditions. Table D-5 is the general definitions corresponding to different
drainage levels from the pavement structure.

The treatment for the expected level of drainage for a flexible pavement is through the use
of modified layer coefficients (e.g., a higher effective layer coefficient would be used for improved

drainage conditions). The factor modifying the layer coefficient is referred to as an IMj value and has been

integrated into the structural number SN equation along with layer coefficient (8,) and thickness (D,);
Thus,

SN=a *D, +a,*D, *m, +a, * D, *m, Eq 2.10

Note that the possible effect of drainage on the asphalt concrete surface course is not

considered. Table D-2 presents the recommended IM; values as a function of the quality of drainage and
the percent of time during the year the pavement structure would normally be expressed to moisture
levels approaching saturation.
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Finally, it is also important to note that these values apply only to the effects of drainage
on untreated base and subbase layers. Although improved drainage is certainly beneficial to stabilized or
treated materials, the effects on performance of flexible pavements are not as profound as those

quantified in Table D-2. As a basis for comparison, the I, value for conditions at the AASHTO Road
Test is 1.0.

2.7  Flexible Pavement Design

This section describes the application of design procedures for flexible pavements. Flexible
pavement design includes asphalt concrete (A.) surfaces and surface treatments (ST). Design approach
permits both traffic and environmental loss of serviceability to be taken-into account. If the designer
desires that only the serviceability loss due to traffic be considered, then Section 2.7.3 may be ignored.

The basic concept of design for flexible pavement is to first determine the required
thickness based on the level of traffic. The associated performance period is then corrected for any
environmental-associated losses of serviceability. A stage construction option is provided to allow the
designer to-consider planned rehabilitation for either environmental or economic reasons. Thus, numerous
strategies for original design thickness and subsequent rehabilitation may be developed.

Design is first based on identifying a flexible pavement structural number SN to withstand
the projected level of axle load traffic.

2.7.1 Determination Required Structural Number

Figure D-9 presents the nomograph recommended for determining the design structural
number (SN) required for specific conditions, including

a) the estimated future traffic, W, for the performance period,
b) the reliability, R, which assumes all input is at average value,
¢) the overall standard deviation, Sq,

d) the effective resilient modulus of roadbed material, M, and
e) the design serviceability loss, A PSI = Pg - Pt.

A simple éxamp]e is presented in this figure.

2.7.2 Stage construction

Experience has shown that regardless of the strength (or load-carrying capacity) of a
flexible pavement, there may be a maximum performance period associated with a given initial structure
which is subjected to some significant level of truck traffic. Obviously, if the analysis period is 20 years
(or more) and this practical maximum performance period is less than 20 years, there may be a need to
consider stage construction (i.e., planned rehabilitation) in the design analysis. If stage construction
alternatives are to be considered, it is important to check the constraint on minimum performance period
within the various candidate strategies. It is also important to recognize the need to compound the
reliability for each individual stage of the strategy. For example, if each stage of 3-stage strategy (an
initial pavement with two overlays) has a 90 percent reliability, the overall reliability of the design strategy
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is 0.90 * 0.90 * 0.90 or 72.9 percent. Conversely, if an overall reliability of 95 percent is desired, the
individual reliability for each stage must be (0.95)" or 98.3 percent. It is important to recognize
compound of reliability may be severe for stage construction, and later opportunities to correct problem
areas may be considered.
To evaluate stage construction alternatives, the user should refer to  Chapter 3 which addresses
pavement rehabilitation.

2.7.3 Roadbed Swelling And Frost Heave

If either swelling and frost heave are to be considered in terms of their effects on
serviceability loss and the need for future overlays, then the following procedure should be applied. It
does require the plot of serviceability loss versus time asin ~ Figure D-2.

The procedure for considering environmental serviceability loss is similar to the treatment
of stage construction strategies because of the planned future needed for rehabilitation. In the stage
construction approach, the structural number of the initial pavement is selected and its corresponding
performance period (service life) determined. An overlay (or series of overlays) which will extend the
combined performance periods past the desired analysis period is then identified. The difference in the
stage construction approach when swelling and/or frost heave are considered is that an iterative process is
required to determine the length of the performance period for each stage of the strategy. The objective
of this iterative process is to determine when the combined serviceability loss due to traffic and
environment reaches the terminal level. It is described with the aid of Table C-1.

Step 1: Select an appropriate structural number SN, for the initial pavement. Because of
the rélatively small effect the structural number has an minimizing swelling and frost heave, the maximum
initial SN recommended is that derived for conditions assuming no swelling or frost heave. For example,
if the desired overall reliability is 90 % (since an overlay is expected, the design reliability for both the’
initial pavement and overlay is 902 = 95 %), the effective roadbed soil modulus is 5.000 psi, the initial
serviceability is 2.5, and a 15-year performance period (along with a corresponding 5 million 18-kip
ESAL application) for the initial pavement is assumed, the maximum SN (determined from Figure D-9)
that should be considered for swelling/frost heave condition is 4.4. Anything loss than a SN of 4.4 may be
appropriate, so long as it does not violate the minimum performance period.

Step 2: Select a trial performance period that be expected under the swelling/frost heave
conditions anticipated and enter in Column 2. This number should be less then the maximum possible
performance period corresponding to the selected initial pavement structural number. In general, the
greater the environmental loss, the smaller the performance period will be.

Step 3: Using the graph of cumulative environmental serviceability loss versus time
developed as in Figure D-2, estimate the corresponding total serviceability loss due to swelling and frost
heave ( PSIgw,fh) that can be expected for the trial period from Step 2, and enter in Column 3.

Step 4: Subtract this environmental serviceability loss (Step 3) from the desired total
serviceability loss (4.4 - 2.5 = 1.9 is used in the example) to establish the corresponding traffic
serviceability loss. Enter result in Column .



APSIL, = APSI -APSIgw fh Eq 2.11

Step 5: Use Figure D-9 to estimate the allowable cumulative 18-kip ESAL traffic
corresponding to the traffic serviceability loss determined in Step + and enter in Column 5. Note that it is
important to use the same levels of reliability, effective roadbed soil resilient modulus, and initial
structural number when applying the (lexible pavement chart to estimate this allowable traflic.

Step 6: Estimate the corresponding year at which the cumulative 18-kip ESAL traffic
(determined in Step 5) will be reached and enter in Column 6. This should be accomplished with the aid
of the cumulative traffic versus time plot developed as in Figure D-1 example.

Step 7: Compare the trial performance period with that calculated in Step 6. If the

difference is greater than 1 year, calculate the average of two and use this as the trial value for the start of

-next iteration (return to Step 2). If the difference is less than 1 year, convergence is reached and the

average is said to be the predicted performance period of the initial pavement structure corresponding to

the selected initial SN. In the example, convergence was reached after three iterations and the predicted
performance period is about 8 years.

The basis of this iteratic process is exactly the same for the estimation of the performance
period of any subsequent overlays. The major difference in actual application are that the overlay design
methodology presented in Chapter 3 is used to estimate the performance period of the overlay and any
swelling and/or frost heave losses predicted after overlay should restart and then progress {rom the point
in time when the overlay was placed.

2.7.4 Selection Of Layer Thicknesses

Once the design structural number SN for an initial pavement structure is determined, it is
necessary to identify a set of pavement layer thickness which, when combined, will provide the load-
carrying capacity corresponding to the design SN. The equation 2.10 provides the basis for converting
SN into actual thicknesses of surfacing. base and subbase:

SN=a,*D,+a,*D,*m, +a, *D;*m,

where a,, a4, , a;: layer coefficients representative of surface, base and subbase courses,
respectively, ,
Dy, D2, D3 : actual thicknesses (in inches) of surface, base and subbase courses,
respectively, ‘

m,, , m,: drainage coeflicients for base and subbase layers, respectively.

The SN equation does not have a single unique solution; i.e., there are many combinations
of layer thicknesses that are satisfactory solutions. The thickness of the flexible pavement layers should be
rounded to the nearest ! inch. When selecting appropriate values for the layer thicknesses, it is necessary
to consider their cost effectiveness along with the construction and maintenance constraints in order to
avoid the possibility of producing an impractical design. From a cost-effective view, if the ratio of costs
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for layer 1 to layer 2 is less than the corresponding ratio of layer coefficients times the drainage
coefficient, then the optimum economical design is on where the minimum base thickness is used.

Since it is generally impractical and uneconomical to place surface, base or subbase
courses of les§ than some minimum thickness, the Table D-4 is provided as minimum practical-
thicknesses for each pavement courses.

Individual agencies should also establish the effective thickness and layer coefficients of
both single and double surface treatments. The thickness of the surface treatment layer may be negligible
in computing SN, but its effect on the base and subbase properties may be large due to reductions in
surface water entry. ‘

2.7.5 Layered Design Analysis

It should be recognized that, for flexible pavements, the structure is a layered system and
should be designed accordingly. First, the structural number required over the roadbed soil should be
computed. In the same way, The structural number required over the subbase layer and base layer should
also be computed, using the applicable strength values for each. '

By working with differences between the computed SN numbers required over each layer,
the maximum allowable thickness of any given layer can be computed. For example, the maximum
allowable SN for the subbase material would be equal to the SN required over the subbase subtracted
from the SN required over the roadbed soil. In a like manner, the structural numbers of the other layers
may be computed. The thicknesses for the respective layers may be determined as indicated on Figure D-
18.

It should be recognized that this procedure should not be applied to determine the SN
required above subbase or base materials having a modulus greater than 40.000 psi. For such cases, layer
thicknesses of materials above the high’ modulus layer should be established based on cost effectiveness
and minimum practical thickness considerations.



CHAPTER 3

PAVEMENT DESIGN PROCEDURE FOR RECONSTRUCTION WITH
OVERLAY

The basic equation for determining the required SN value due to a flexible overlay over:
an existing flexible pavement is shown below, required thickness of asphaltic overlay, h, , can be found
from this formula:

he, = SN, /Ay, = (.SNy - For, * SNxeff)/d,, Eq 3.1
where '

SNy: the total structural capacity required to support the overlay traffic over existing

subgrade (foundation) conditions,
FRi: the remaining life factor which accounts for damage of the existing pavement as

well as the desired degree of damage to the overlay at the end of the overlay traflic. It is always less than
or equal to a value of 1.0.

SNxeff: the effective structural capacity of the existing pavement immediately prlor to the
time of the overlay, and has reflected the damage to that point in time,

a,,: the structural layer coefficient of the overlay material,
SN, : structural number of the required asphalt concrete overlay.

Step 1 : First, compute the service life of initial pavement as described in Section 2.7,
new construction pavement procedures. Obviously, it must be the sane as maximum performance period
or less than this due to considering swelling and frost heave.

Step 2 : Second, determine the traffic that will be carried by overlay. This is the difference
between traffic numbers corresponding the times that are new computed maximum performance period
and analysis period. Figure D-1 can be used to determine the remaining 18-kip ESAL traffic that will be
carried by overlay.

’

Step 3 : Next, determine the SNy which is structural number required for a ‘new
pavement to carry the estimated future traffic for prevailing roadbed soil support conditions. This is
determined using Figure D-9 with input parameters associated with the design of new pavement to last
the remaining time of analysis period which is determined in the first step. The cumulative 18-kip ESAL
traffic (W) is the difference traffic between at the beginning of overlay and at the end of overlay
meaning at the same time traffic corresponding maximum performance period (computed for new
construction) and analysis period. For SNy determination, design serviceability loss (A PSI) must be first

computed. This can be gotten using Figure D-2 prepared for new construction before. The serviceability
loss due to environment is the loss difference between those corresponding new maximum performance
period and analysis period.

APSL . = APSI -A PSlgw th Eq 2.11

A PSI =P, - Py . Eq 3.2




APSIgy fh= A PSI,, - A PSL,, Eq3.3

where
APSI ¢ loss of serviceability corresponding to the analysis period,

APS1,,, : loss of serviceability corresponding to the computed performance period.

Thus, the resulting SNy can be computed using parameters, overall standard deviation
(So), the second stage reliability (R from R" computed for new pavement construction before), the
effective roadbed resilient modulus (My) and loss due to traffic ( A PSL,;, computed above).

Step 4 : Compute Fry. This is established bascd on the estimated remaining life (Ry, ) of
the original pavement at the time of overlay and the estimated remaining lite (R, ,/ ol the overlay when it
reaches its design terminal serviceability:

a) From Figure D-13, for a SNg (the structural number of the original pavement) and a
terminal serviceability (at the time of overlay), the value of Ry, is computed. Note that in comparing
serviceability to traffic repetitions, several serviceability values should be considered:

Py : Initial serviceability of the original pavement or the overlaid pavement when
constructed, ’

P, : Terminal serviceability of the existing pavement immediately prior to the ovarlay,

P, : Terminal serviceability desired with the overlaid pavement after the overlay traffic has

been applied, and
P, : The ultimate failure serviceability for any pavement type corresponding to a

completely damaged (failed) pavement.

In Figure D-13, P, symbolizes the expression above.

It is not essential that P,; must be equal to P, since serviceability at the time of ovarlay and

serviceability at the end of overlay period are input considerations of designer. For this overlay method,
failure serviceability is Pf=2.0. Therefore, when a pavement serviceability reaches a Pg=2.0, the

pavement is said to be 100 percent damaged with no remaining life. Since this is subjective value,
pavements with more than 100 percent damage or negative remaining life may occur. This is not alarm
the user once the relative basis of damage and remaining life is understood. Expressions are symbolized in
Figure D-19 (a).

b) From Figure D-9, estimate the future 18-kip ESAL traffic (Nfy) to ultimate failure (i.e.,
when serviceability drops to Pf of 2.0 and remaining life is zero). This is based on the same input
parameters used to estimate SNy, except the serviceability loss used as input to the design chart includes
the loss due to roadbed swelling.

APS]’I'R T (P() -P[) -A PSlsth Eq 2.11
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¢) Estimate the future traffic (y) to a terminal serviceability, and then the estimated remaining
life (R, ) of the overlay when it reaches Pt.

Ry, = (Nfy -y)/Nfy (convert it as a percentage) Eq 3.4

d) Thus, by applying the above estimates of R, and R, in the graph from Figure D-12,
estimate the remaining life factor Fy; .

Step 5 : The last factor to be estimated before the required overlay structural number can
be determined is the effective structural number (SNxeff) of the original pavement at the time of overlay.
Since this represents the design for an overlay, the time of maximum performance period computed after
initial pavement gonstruction, SNxeff must be approximated using the following relationship:

SNxeff= Cx * SNo ) Eq 3.5
where

SNy : structural number of original pavement, and

Cx - pavement condition factor.

The latter term, Cy, is estimated based on the remaining life R, of original pavement at the

. time of the overlay. A
Referring to Figure D-14, Cx is estimated corresponding to R, . Thus, the effective

structural number can be computed. )
Inserting the values for SNy, F,, and SNxeff into the overlay design equation results in a

required overlay structural number (SN, ).
This translates into a design asphalt overlay thickness of

D, =S8N /@, (inches). Eq 3.6



CHAPTER 4

LOW-VOLUME ROAD DESIGN

This chapter covers the design of low-volume roads for two surface types using procedure
based on design charts (nomographs) and design catalogs. For surface treatment or chip seal pavement
structures, the procedures for flexible pavements may be used.

Since many city streets and country roads that full under the low-volume category may still
carry significant levels of truck traffic, the maximum number of 18-kip ESAL applications considered for
flexible pavements is 700.000 to 1 million. The practical minimum traffic level that can be considered for
any flexible pavement during a given performance period is about 50.000 18-kip ESAL applications. For
the aggregate-surfaced (gravel) roads used for many country and forest roads, the maximum traffic level
considered is 100.000 18-kip ESAL applications, while the practical minimum level (during a single
performance period) is 10.000.

4.1 Flexible Pavements

The low-volume road design chart procedures for flexible pavements are basically the same as
those for highway pavement design. The primary difference in the design for low-volume roads is the
level of reliability that may be used. Because of their relative low usage and the associated low level of
risk, the level of reliability recommended for low-volume road design is 50 percent. The designer may,
however, design for higher levels of 60 to 80 percent, depending on the actual projected level of corridor,
etc.

If, in estimating an effective resilient modulus of the roadbed material (M), it is not possible
to determine the lengths of the seasons or even the seasonal roadbed soil resilient moduli, Table D-6
provides roadbed soil resilient modulus values that may be used for low-volume road design classifying
the general quality of the roadbed material as a foundation for the pavement structure.

°

4.2 Aggregate-Surfaced Roads

The basis for treating the effects of seasonal moisture changes on roadbed soil resilient
modulus, M, is the same for aggregate-surfaced road design as it is for flexible pavement design.

Unlike the flexible pavement design procedures, however, the design chart-based procedure
for aggregate-surfaced roads requires a graphical solution. It is important to note that the effective
modulus of the roadbed soil developed for flexible pavement design should not be used in lieu of the
procedure described here.

The primary design requirements for aggregate-surfaced roads include:

a) the predicted future traffic, w,, (section 2.3.2), for the period,

b) the lengths of the seasons (section 2.5.1),

¢) seasonal resilient moduli of the roadbed soil (section 2.5.1),

d) elastic modulus, E, (psi) of aggregate base layer (section 2.6),

e)- elastic modulus, Eg, (psi) of aggregate subbase layer (section 2.0),
) design serviceability loss,A PSI (section 2.4),
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2) allowable rutting, RD (inches) in surface layer.'

It is important to explain the allowable rutting (RD) because of using this criteria in the
procedure: '

In AASHTO Guide, ruttmg is considered only as a performance criterion for aggregate-
surfaced roads. Although rutting is a problem with asphalt concrete surface pavements, no design model
suitable for incorporation into AASHTO Guide is available ta this time. It is important to note that the
rut depth failure predicted by the aggregate-surfaced road model does not refer to simple surface rutting
(which can be corrected by normal blading operations), but to serious rutting associated with deformation
of the pavement structure. '

The allowable rut depth for an aggregate-surfaced road is dependent on the average daily
traffic. Typically, allowable rut depths range from 1.0 to 2.0 inches for aggregate-surfaced roads.

These design requirements itemized above are used in conjunction with the computational
chart in example Table D-7 and the design nomographs for serviceability (F‘lgure D-16) and rutting
(Figure D-15). Design procedure ys as fallow:

Step 1 : Select four levels of aggregate base thickness, Dgg, which should bound the
probable solution. For this, four separate tables, identical to Table D-7, should be prepared.
Enter each of the four trial base tables (D, & inches is used in the example).

Step 2 : Enter the design serviceability loss as well as the allowable rutting in the appropriate
boxes of each of the four tables.

Step 3 : Enter the appropriate seasonal resilient (elastic) moduli of t‘he roadbed (M) and
aggregate base material, Egg (psi), in Column 2 and 3, respectively, of Table D-7. The base modulus
values may be proportional to the resilient modulus of the roadbed soil during a given season. A constant
value of 30.00 psi was used in the example, however, since a portion of aggregate base material will be
converted into an equivalent thickness of subbase material (which will provide some shield against the
environmental moisture effects).

Step 4 Enter the seasonal 18-kip ESAL tratlic in Column 4 of Table D-7. Assuming that
truck traffic is distributed evenly throughout the year, the lengths of the seasons should be used to
proportion the total projected 18-kip ESAL traffic to each season. If the road is load-zoned (restricted)
during certain critical periods, the total traffic may be distributed only among those seasons when truck
traffic is allowed.

Step 5 : Within each of the four tables, estimate the allowable 18-kip ESAL traffic for each of
the four seasons using the serviceability-based nomograph in Figure D-16 and enter in Column 5. If
the resilient modulus of the roadbed soil (during the frozen season) is such that the allowable traffic
exceeds the upper limit of the nomograph, assume a practical value of 500.000 18-kip ESAL.

Step 6 : Within each of the four tables, estimate the allowable 18-kip ESAL traffic for each of
the four seasons using the rutting-based nomograph in Figure D-15, and enter Column 7. Again, if the
resilient modulus of the roadbed soil is such that the allowable traffic exceeds the upper limit if the
nomograph, assume a practical value of 500.000 18-kip ESAL.
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Step 7 : Compute the seasonal damage values in each of the four tables for the serviceability
criteria by deviding the projected seasonal traffic (Cofumn 4) by the allowable traffic in that season
(Column 5). Enter these seasonal damage values in Column 6 of Table D-7 corresponding serviceability
criteria. Next, follow these same instructions for rutting criteria, i.¢., divide Column 4 by Column 7 and
enter in Column 8.

Step 8 : Compute the total damage for both the serviceability and rutting criteria by adding
the seasonal damages When this is accomplished for all four tables corresponding to the four trial base
thickness, a graph of total damage versus base layer thickness should be prepared. The average base layer
thickness, Dgg required is determined by interpolating in this graph for a total damage equal to 1.0.
Figure D-20 provides an example in which the design is controlled by the serviceability criteria, Dpg is

equal to 10 inches.

Step 9 : The base layer thickness determined in the last step should be used for design if the
effects of aggregate loss are negligible. If, however, aggregate loss is significant, then design thickness is
determined using the following equation:

Dy, = Dy + (0.5 * GL) Eq 4.1
where .
GL ! total estimated aggregate (gravel) loss (in inches) over the performance period.

Aggregate loss due to traffic and erosion is an additional concern for aggregate-surfaced
roads. When aggregate loss occurs, the pavement structure becomes thinner and the load-carrying
capacity is reduced. This reduction of the pavement structure thickness increases the rate of surface
deterioration. |

To treat aggregate loss in the procedure, it is necessary to estimate the total thickness of
aggregate that will be last during the design period, and the minimum thickness of aggregate that is
required to keep a maintainable working surface for the pavement structure.

Note that there is very little information available today to predict the rate of aggregate loss.
Below is an example of a prediction equation developed with limited data on sections experiencing
greater than 50 percent truck traffic:

GL=0.12+0.1223 (LT) Eq 4.2
where
LT : number of loaded trucks in thousands.

A second equation, which was developed from a recent study in Brazil on typical rural
sections, can be employed by the user to determine the input for gravel loss:

GL = (B/25.4)/(0.0045 * LADT + 3380.6/R + 0.467 * G) Eq 4.3
where

GL : aggregate loss, in inches, during the period of time being considered,

B : number of bladings during the period of time being considered,

LADT : average daily traffic in design lane (for one-lane road use total traffic in both
directions),
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R : average radius of curves, in feet,
G : absolute value of grade, in percent.

Another equation, developed through a British study done in Kenya, is more applicable to
areas where there is very little truck activity and thus the facility is primarily -used by cars. Since the
equation below is for annual gravel loss, the total gravel loss (GL) would be estimated by multiplying by
the number of years in the performance period: ‘

AGL = [TH(T*+50)]*f*(4.2 + 0.092 * T + 0.0889 * R* + 1.88 VC) Eq 4.4
where
AGL : annual aggregate loss, in inches, :
T : annual traffic volume in both directions, in thousands of vehicles,
R : annual rainfall, in inches,
VC : average percentage gradient of the road,
f: 0,037 for lateritic gravels,
0.043 for quartzitic gravels,
0.028 for volcanic gravels,
0.059 for coral gravels.

It should be noted that there are serious drawbacks with all the equations shown here;
therefore, whenever possible, local information about aggregate loss should be used as input to the
procedure.

Going on computation of D,

If, for example, the total estimated gravel loss was 2 inches and the average base thickness
required was 10 inches, the design thickness of the aggregate base layer would be

Dgs = Dps + (0.5 + GL) = 10 + (0.5 * 2) = 11 inches

Step 10 : The final step of the design chart procedure for aggregate-surfaced roads is to
cox.lvc?rt a portion of the aggregate base layer thickness to an equivalent thickness of subbase material.
This is accomplished with the aid of Figure D-17, Select the final base thickness desired, Dy, (6 inches
is used in the example). Draw & line to the estimated modulus of the subbase material, Eg, (15.000 psi is
used in the example). Go across and through the scale corresponding to the reduction in base thickness
DygsiDygr (11 minus 6 equal to 5 inches is used in the example). Then, for the known modulus of the basé

‘material, E; (30.000 psi in the example), determine the required subbase thickness, D, (8 inches)
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CHAPTER 5

EXAMPLES

In this chapter, a detailed example = . is presented, and then a few more are presented
additionally giving only input and output values.

5.1 Flexible Pavement Design Example

This‘example is provided to illustrate the flexible pavement design procedure presehted in
section 2.7. The design requirements for this example are described here in the same order.

Time Constraints: The analysis period selected for this deign example is 20 years and the
maximum performance period (or service life) selected for the initial flexible pavement structure is 15
years. Thus, it will be necessary to consider stage construction (i.e., planned rehabilitation) alternatives to
develop design strategies which will last the analysis period.

Traffic: Based on average daily traffic and axle weight data from the planning group, the
estimated two-way 18-kip equivalent single axle load (%.54/.) applications during the first year of the
pavement life is 2.5 10° and the projected (compound) growth rate is 3 percent per ycar. The directional
distribution factor Dj for facility (assume three lanes in on direction) is 80 percent. Thus, the traffic
during the first year (in the design lane) is (2.5 10° )*(0.80)*(0.50) or 1.0 10° 18- -kip ESAL applications.
Figure D-1 provides a plot of the cumulative 18-kip ESAL traffic over the 20-year analysis period. The
curve and equation for future traffic (w,g) are reflective of the assumed exponential growth rate (g) of 3
percent.

Reliability: A 90 % overall reliability level was selected for design because of being heavily
trafficked state highway and being in a rural situation where daily traffic volumes should never exceed
half of its capacity. This means that for a two-stage strategy (initial pavement plus one overlay), the

design reliability for each stage must be 0.90 2 or 95 percent. Similarly, for three—stage strategy (initial

pavement plus two overlays) the design reliability for all three stages must be 0.90 " or 96.5 percent.
Another criteria required for the consideration of reliability is the overall standard deviation (Sg). In this

example problem 0.35 of (Sq) will be used.

Environmental Impacts: The roadbed soil is considered to be a highly active swelling clay.
Because of this, a drainage system will be constructed which is capable of removing excess moisture in
less than 1 day. The duration of below-freezing temperatures in this environment, however, is not
sufficient to result in any problems with frost heaving. Average plasticity index PI is above 40 and
because of the plan to construct a ‘good” drainage system, the future moisture conditions are considered
to be ‘optimum’ throughout the project length.

Assuming roadbed soil have a tight fabric and since PI is greater than 40, swell rate constant
was determined as 0.075 and potential vertical rise }'R was determined as 1.2 inches using Figure B-2.

1) 35 |



The swell probability is simply the percent of the length of the project which has a potential
vertical rise greater than 0.2 inches, assuming 1C 400 feet out of the total 12.000 have a V, greater than

0.2 inches, thus the swelling probability is 84 %.
Using Figure B-3, 0.20 can be plotted to use determination of thicknesses.

Serviceability: Based on the traffic volume and functional classification of the facility (6-lane
state highway) a terminal serviceability P¢ of 2.5 was selected, and the initial serviceability Pg of 4.6 was

selected. Thus

APSI=Po-Pt-46-25-21

Effective Roadbed Soil Resilient Modulus: Figure D-3 summarizes the data used to
characterize the effective resilient modulus of the roadbed soil. Individual moduli are specified for 24
half-month intervals to define the seasonal effects. These values are also reflective of the roadbed support
that would be expected under the improved moisture conditions provided by the ‘good’ drainage system.

Roadbed Moisture Condition Roadbed Soil Resilient
Modulus (psi)

Wet 5.000
Dry 6.500
Spring-Thaw 4.000
Frozen 20.000

The frozen season (from mid-January 1o mid-l-ebruary) is 1 month ldng , the spring-thaw
season (mid-I'cbruary to March) is 0.5 months long, the wet periods (March through May and mid-
September through mid-November) total 5 months, and the dry periods (June through mid-September
and mid-November through mid-January) total 5.5 months. Application of the effective roadbed soil M,

estimation procedure results in a value of 5.700 psi.

Pavement Layver Materials Characterization: Three types of pavement materials will
constitute the individual layers of the structure. The moduli for each, determined using the recommended
laboratory test procedures, are as follows:

Asphalt Concrete : EAc=400.000 psi,
Granular Base Ens=30.000 psi,
Granular Subbase : Ess=11.000 psi.

Layer Coefficients: The structural layer coefficients (Qi-values) correspondmg to the moduli
defined in the previous section are as follows:

Asphalt Concrete : ai=0.42 (Figure D-4),
Granular Base a2=0.14 (Figure D-5),
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Granular Subbase : a3=0.08 (Figure D-8).

Drainage Coefficients: ‘I'he drainage coeflicients (Ill-values) corresponding to the granular
base and subbasce materials for a ‘good’ drainage system (i.c., water removed within | day) is 1.20, (The
range in Table D-2, for 1 to 5% moisture exposure time is 1.15 to 1.25).

5.1.1 Development Of Initial Stage

Since the estimated maximum performance period (15 years) is less than the design analysis
period (20 years) any initial structure selected will require an overlay to last the analysis period. The
thickest recommended initial structure (evaluated here) is that corresponding to the maximum 15-year
performance period . Thinner initial structure , selected for the purpose of life-cycle cost analysis, will
require thicker overlays (at an earlier date) to last the same analysis period.

Using My, of 5700 psi, R of 95 %, So of 0.35, A PSI of 2.1 and the cumulative traffic at the

max. performance period 18.6 106 18-kip ESAL (from Figure D-1 for a time of 15-year), form Figure
D-9, max. initial structural number SN of 5.6 is computed. Because of serviceability loss due to swelling,
however, an overlay will be required before the end of the 15-year design performance period. Using the
step-by-step procedure described in section 2.7, the service life that can actually be expected is about 13
years, sece Table D-8. Thus, the overlay that must be designed will need to carry the remaining' 18-kip
ESAL traffic over the last 7 years of the analysis period.

Next, solve for the SN required above the base material by applying Figure D-9 using the
resilient modulus of base material (rather than the effective roadbed soil resilient modulus). Values of E
equal to 30.000 psi, first stage reliability R equal to 95%, W, equal to 16.0 106\and APSI,, equal to

1.89 (the latter two are form Table D-8) result in an 3.2. Thus the asphalt concrete surface thickness
required is

D,*=SN,/a,=32/0.42=7.6 (or 8 inches)
SN,*=a,*D,*=042*8=336

Similarly, using the subbase modulus of 11.000 psi as the effective roadbed soil resilient
modulus, SN, is equal to 4.5 and the thickness of base material required is

D,* (SN,-SN/*/(a,*m,)
=(4.5-3.36)/(0.14*1.20) = 6.8 (or 7 inches)

SN,*=7*%014*120=1.18
Finally, the thickness of subbase required is :

D,* = (SN, - (SN,* + SN,*)) / (0.08 * 1.20) = 11 inches.
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5.1.2 Development Of Overlay Design

In this section an overlay example is presented based on the previous example computed to
determine initial layer thicknesses.

Since the initial pavement structure in this design example has a service of only 13 years, the
overlay that should be determined for life-cycle cost analyses must last 7 years and carry the remaining
18-kip ESAL traffic thickness design for this overlay is accomplished using an adaptation of the overlay
design procedure described in Chapter 3. The equation to be used to solve as follow:

SN, = SNy - (FRI. * SNxeff)

Ol

SNy is determined using Figure D-9 with input parameters associated with the design of a
new pavement to last the remaining 7 years of analysis period. The cumulative 18-kip ESAL traffic (W,y)
between years 13 and 20 is 11.3 10° (from Figure D-1), the second stage reliability R is 95%, So is 0.35,
M, is 5.700 psi. The serviceability loss due to traffic (APSI ), which is used as input to Figure D-9 is
equal to the design serviceability loss ( PSI) less than the serviceability loss due to environment, in this
case, only swelling (A PSlgw).

APSI . = APSI- APSIgw Since,
APSI =Py -Pt=46-25=2.1 and
APSIgw = 0.26 (Figure D-21, year 20 ) -~ 0.21 (year 13) = 0.05

The serviceability loss due to traffic is:

APSI,, =2.1-0.05=2.05 Thus, the resulting SNy from Figure D-9is5.2.

The remaining life factor F,, is established based on the estimated remaining life R, of the
original pavement at the time of overlay and the estimated remaining life R, of the overlay when it
reaches its design terminal serviceability of 2.5.

a) From Figure D-13, for an SNy (the structural number of the original pavement) equal to
5.6 and terminal serviceability (at the time of overlay) of 2.5, the value of R, is 42 percent.

b) From Figure D-9, the estimated future 18-kip ESAL traffic N, to ultimate failure (i.e.,

when the serviceability drops to 2.0 and remaining life is zero) is 17.0 10° 18-kip ESAL. This is based on
the same input parameters used to estimate SNy, except the serviceability loss used as input to the design
chart includes the loss due to roadbed swelling.

APSL, = (4.6 - 2.0) - 0.05 = 2.55

Since the estimated future traffic (y) to a terminal serviceability of 2.5is  11.3 10° 18-kip
ESAL, the estimated remaining life R, of the overlay when it reaches Pt equal 2.5 is:



R, = (N, -y)/N, =(1710"-11.310°) /17 10°=0.335 =33.5 %

Thus, by applying the above estimates of R, and R, , in the graph form Figure D-12, the

remaining life factor F,; is 0.72.

The last factor to be estimated before the required overlay structural number can be
determined is the effective structural number SNxeff of the original pavement at the time of overlay.
Since this represents the design for an overlay 13 years after initial pavement construction, SNxeff must

be approximated using the following relationship.

S]C]xeﬂ“: Cx * SNo
where
SN, : structural number of original pdvmmnt (5.6), and

Cx: ‘pavement condition factor.

The latter term, Cy, is estimated based on the remaining life R,  of the original pavement at
the time of the overlay. From  Figure D-14, (with R, _equal to 42 %), Cx is 0.86. Thus, the effective
structural number is :

SNyxeff=0.86 * 5.6 =4.82

Inserting the values for SNy, F,, and SNyeff into the overlay design equation results in a
required overlay structural number of .

SN, =5.2-(0.72 * 482)=1.73

‘This translates into a design asphalt concrete overlay thickness of
D, =SN, /4, = 1.73/0.42 = 4.1 inches.

Ol Ol

5.1.3  Summary Of Design Strategy

The first stage or initial pavement structure has an SN of 5.6 which was broken down into the
following layer thickness:

Asphalt Concrete : 8 inches,
Granular Base 7 inches,
Granular Subbase : 11 inches.

This structure will last approximately 13 years and carry about 16 million  18-kip ESAL
applications. It will require a 4-inch asphalt concrete overlay to last the remaining 7 years of the 20-year
analysis period. Dunng those 7 years, the overlaid structure will carry about 11 million 18-kip
applications.
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Note that if the designer requires 3-stage construction (this means one initial pavement

structiire plus two overlays for rehabilitation), Reliability R equals R" and lifetime of first overlay is
needed to last:

\ For example, let max. performance period be as 13 years corresponding to R (which equals
1 _

R ) and let us assume first overlay to last 4 years. In this case, the construction time of first overlay is
after 13 years and of second overlay is after 17 years. Figures must be used considering this situation.

52 Computed Examples

In this section, some examples will be presented to compare. Note that some input data were
assumed to be constant to be able to compare the results. Plots of serviceability and cumulative 18-kip
ESAL traffic of examples are presented in Figure 5.1 and Figure 5.2.

APSI
—4&@— Example
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Figure 5.2 Cumulative 18-kip ESAL traffic versus time for examples

EXAMPLE 1

Reliability Factor 95 %
Analysis Periad 20 year
Maximum Performance Period 15 year
Initial Serviceability 4.6
Terminal Serviceability 2.5
Overall Standard Deviation 0.45
Exponential Growth Rate 3.0%
18-kip ESAL Trafiic 2.5 10°
Directional Distribution Factor 50 %
Lane Distribution Factor 80 %
Stage Strategy Number 2
Moisture Supply 25 %
Roadbed Soil Fabric 25 %
Swell Rate Constant 0.08
Plasticity Index 45
Moisture Condition Average
Layer Thickness’ 10 feet
Potential Vertical Rise 1.225 inches
Swelling Probability 20%
Depth of Frost Penetration 5.0 feet
Frost Heave Rate 5.0 mm/day
Maximum Serviceability Loss 2.0
Drainage Quality Poor
Frost Heave Probability 20 %

Time .l ycars
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VALUES
STRENGTH PARAMISTLER CONVERTED TO
LAYER NAME PARAMIITER VALUI ELASTICITY OF
, MODULUS
Subgrade CBR 4 % 6.000 psi
Subbase Course CBR 30 %. 14.800 psi
Base Course CBR 90 % 29.000 psi
Binder Course Elasticity of M. 300.000 psi 300.000 psi
Standard Normal Deviate : ZR = -1.968
LAYER NAME STRUCTURAL STRUCTURAL DRAINAGE
COEFFICIENT NUMBER COEFFICIENT
Subgrade 59 o
Subbase C. 0.110 4.4 1.0
Base C. 0.137 34 1.0
Binder C. 0.370 1.0
ITERATIO ||| Trial Serviceability ||{Corresponding ||| Allowable |||Corresponding
NNO Performanc |[|Loss Due To ||| ServiceabilityL [[| Cumulative ||| Performance
ePeriod Swelling And ||{oss Due to Traffic Period
Frost Heave ||| Traffic
1 13 0.3441 1.7559 11080000 {[9.71
11.35 0.3200 1.7800 11425000 ||{9.97
3 10.66 0.3100 1.7900 11568000 |}}10.08
4% 10.37

*Convergence achieved after 3 iterations.

Thickness determination:

Dy*=3.4/0.37=9.19 ~ 9.5 inches (Binder Course)
SN]* =ady * D)* =037*957=352>34

D,* =(4.4-3.52)/ (0.137 * 1.00) = 6.42 ~ 6.5” inches (Base Course)
SN*=a, *D, *M,=0.137* 6.5 * 1.0 =0.89

Ds* = (SN3*-(SN*+SN2*)) / (8; * M;) = (5.9 - (3.52+0.89)) / (0.11 * 1.0) = 13.55 ~ i4

inches (Subbase C.)

Total Thickness over subgrade : 9.45 + 6.5 + 14 = 30 inches = 76.20 ¢cm

Overlay Thickness:

Elasticity Modulus of Qverlay = 300.000 psi

Remaining Time = 20 - 10.37 = 9.63 years
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Cumulative Traffic = 26870374 - 11961128 = 14909246
APSI swyr = 0.411 (year 20) - 0.296 (year 10.37) =0.115

Resulting SNy = 5.9 ---> Rlx=47 %
APSIg = (4.6 - 2.0) - 0.115 = 2.485

Estimated Future Traffic = 24023863

‘ Rly = (NFy - y)/NFy = (24023863 - 14909246)/24023863 = 0.38 (38 %)
Fa=0.735, Cx= 0.88, Snxeff=0.88*59=519

SNoL =5.9-(0.735*5.19)=2.09 Dy, = SN/ &y, = ;.2.09 /0.37 = 5.64 “ inches (Overlay Thickness)

EXAMPLE 2
Reliability Factor 90 %
Analysis Periad 20 year
Maximum Performance Period 15 year
Initial Serviceability 4.6
Terminal Serviceability 25
Overall Standard Deviation 0.45
Exponential Growth Rate 3.0%
18-kip ESAL Trafiic 2.5 10°
Directional Distribution Factor 50 %
Lane Distribution Factor 80 %
Stage Strategy Number 3
Moisture Supply 35% :
Roadbed Soil Fabric 30 % -
Swell Rate Constant 0.095
Plasticity Index 35
Moisture Condition Minimum
Layer Thickness 5 feet
Potential Vertical Rise 0.700 inches
Swelling Probability 60 %
. VALUES
STRENGTH PARAMETER CONVERTED TO
LAYER NAME PARAMETER VALUE ELASTICITY OF
, MODULUS
Subgrade Elasticity of M. 6000 psi 6000 psi
Subbase Course Elasticity of M. 15000 psi 15000 psi
Base Course Elasticity of M. 40000 psi 40000 psi
Binder Course Elasticity of M. 400000 psi 400000 psi
|_Standard Normal Deviate : ZR = -1.822 |
1 4z |
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LAYER NAML: STRUCTURAL, STRUCTURAL DRAINAGL:
, COEFFICIENT NUMBER COEFFICIENT
Subgrade ‘ 5.8
Subbase C. 0.109 43 1.0
Base C. 0.169 3.1 1.0
Binder C. 0.420 1.0
ITERATIO ||| Trial Serviceability ||| Corresponding ||| Allowable ||| Corresponding
NNO Performanc |||Loss Due To ||| ServiceabilityL ||| Cumulative ||| Performance
ePeriod Swelling And ||| oss Due to Traftic Period
X Frost Heave ||| Traffic
1 13 0.100 2.00 15119664 ||{12.65
2 12.85 0.099 2.001 15136385 |[{12.67
3% 12.75 '

*Convergence achieved after 2 iterations.

Thickness determination:

"Dy*=3.1/0.42=7.38 ~ 7.5 inches (Binder Course)
SN*=a,*D*=042*75"=3.15>3.1

Dy*=(4.3-3.15)/ (0.169 * 1.00) = 6.8 ~ 7” inches (Base Course)

SN¥*=Q,*D,*M,=0.169*7*1.0=1.18
Ds* = (SN3*~(SN{*+SN,*)) / (& * M) = (5.8 - (3.15+1.18)) / (0.109 * 1.0) = 13.49~ 13.5

inches (Subbase C.)

Total Thickness over subgrade : 7.5 + 7 + 13.5 = 28 inches = 71.12 ¢cm

EXAMPLE 3
Reliability Factor 90 %
Analysis Periad 20 year
Maximum Performance Period 15 year
Initial Serviceability 4.6
Terminal Serviceability 2.5
Overall Standard Deviation 0.45
Exponential Growth Rate 2.0%
18-kip ESAL Trafiic 11.010°
Directional Distribution Factor 50 %
Lane Distribution Factor 80 %
Stage Strategy Number 2
Depth of Frost Penetration 5.0 feet
Frost Heave Rate 5.0 mm/day
Maximum Serviceability Loss 2.0

o
(1 44



Drainage Quality Poor
Frost Heave Probability 30 %
Swelling Probability 60 %
. VALUES
STRENGTH PARAMETER CONVERTED TO
. LAYER NAME PARAMETER VALUE ELASTICITY OF
) : ‘MODULUS
Subgrade R - Value 9 5995 psi
Subbase Course R - Value 60 14400 psi
Base Course Unconfined C. Str. | 200 525000 psi
Binder Course Elasticity of M. 350000 psi 350000 psi
Standard Normal Deviate : ZR =-1.633
LAYER NAME STRUCTURAL STRUCTURAL DRAINAGE
COEFFICIENT NUMBER COEFFICIENT
Subgrade 5.0
Subbase C. 0.105 3.7 - 1.0
Base C. 0.125 0.8 1.0
Binder C. 0.390 1.0
ITERATIO {|{Trial Serviceability ||| Corresponding ||| Allowable ||| Corresponding
NNO Performanc ||| Loss Due To ||| ServiceabilityL ||| Cumulative ||| Performance
ePeriod Swelling And ||| oss Due to Trallic Period
Frost Heave ||| Traffic
1 13 0.436 1.66 4195301 9.62
2 11.31 0.406 1.69 4347907 9.94
3 10.62 0.392 1.71 4420055 10.08
4 10.35 0.386 1.71 4451158 - ||110.15
5% 10.25

*Convergence achieved after 4 iterations.

Thickness determination:

D,* = 0.8/ 0.39=2.05 ~ 2.5 inches (Binder Course)
SNi*=@a, *Dy*=039%257=098>0.8
D,* = (3.7-0.98)/ (0.125 * 1.00) = 21.76 - 22" inches (Base Coursc)
SN*=a,*D, *M,=0.125*22* 1.0=2.75
Dy* = (SNx*-(SN,*+SN;*)) / (8 * TT) = (5.0 - (2.755+0.98)) / (0.105 * 1.0) = 12.1~ 12.5

inches (Subbase C.)

Total Thickness over subgrade : 2.5 + 22 + 12.5 = 37 inches = 93 .98 cm
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CHAPTER 6

COMPUTER PROGRAM AND UTILIZATION MANUAL

6.1 General Introduction

.

: In this chapter, a serviceable personal computer-based program has been developed, to
facilitate the utilization of the AASHTO Design procedure for flexible highway pavements. Flow-chart of

the program is as follows:

'PREPARING |
ROADBED SOLL ' |
. RESILIENT. |
__MODULUS DATA _

; " PREPARING - |
- SWELLING AND |
i FROSTHEAVE

DATA

| SWELLING AND:
. FROST HEAVE
M‘A

ROE

OVERLAY DESIGN {/

rmw
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The use of the computer program has reduced many data reading in figures, nomographs
and charts. Results obtained are very close to the values calculated by hand due to lack of assumptions
and rounding some values.

6.2 Hardware and Software Requirements

) A 720 K, 3% inches diskette (&l containing the program, ‘readme. Ist’ file (first instructions
file) and some other operation files were presented with this study.

‘aashto.exe’ program is designed to operate on IBM” compatible personal computers
using MS DOS’ disk operation systems. A minimum of 256 K RAM (random access memory) is enough
on the mainboard for successful operation of the program, and V'GA 640x480 resolution graphics card is
needed to display the screens. Because of designing for VGA Graphics Card and using only graphic
screens, this is strictly required. The operation of the program can be speeded up by employing a hard
disk instead of the diskette. Speed of the program may vary from computer to computer due to
Computer CPU speed. A hard copy of results for any given problem can be obtained from a suitable
printer by choosing inside program.

6.3 Utilization of the Program

As described above, in diskette, only ‘aashfo.exe’ file runs to perform the pavement
design. ‘egavga.bgi’ and ‘aashto.def files are needed to perform together.

After having run the aashto.exe file in DOS disk operation system, a sequence of screens
appear on monitor screen. The table of screens is shown in APPENDIX F. First screen is text screen.
This phase also controls the directory path being worked in and PC Graphics Card Type. In case of any
malfunction, a screen warning is met. '

Some instructions appear on screens. It, therefore, is important to follow screens and
prompts warning the user. During first two screens appear, The user can quit at any time pressing £5C
key on keyboard. Pressing H brings help screens.

Main Menu consists of 7 items. These are as follows:

1- Thickness Determination For Initial Pavement
2- Changing Data And Thickness ReDetermination
3- Thickness Determination For Overlay

4- Preparing Swelling And Frost Heave Data

5- Preparing Roadbed Resilient Modulus Data

6- Printing Again Last results On Screen

7- Print Last Results From Printer And To File

The user must choose first item pressing / key to compute thicknesses of layers of a new
project entering new data. choosing this item brings 3 screens to give new data.

:‘MS DOS is registered trade mark of Microsolt Co.
IBM is registered trade mark of International Buisiness Machines Co.
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Item 2'is the item by which the user can change data of an existing pavement and compute
again in a short time. this item's screens are the same as those of item 1.

Item 3 is for overlay requirement. This brings a screen (screen F-7) only asking one question.
This item does not perform any function before not entering data for a new pavement design.

Item 4 brings a screen to prepare a table to use in design. The user can print this screen using
'print screen' key on keyboard by means of DOS. This item has not got any function differing this
performing.

Item 5, as 4, differs only to prepare roadbed resilient modulus data.

Choosing 6 prints last computed results on screen again.

And choosing 7 prints last computed results to file and from printer at the same time.

a) ITEM 1 (Thickness Determination For Initial Pavement): Selecting this item brings a new
screen (screen F-3). A prompt above asks the user press a key to start entering data. The user may call
help pressing H or start pressing any key other than /7 at this phase Afier this a sequence of question
prompts appears below:

Prompt: File Name To Open (Without Extension): This question asks the user give a name if
he/she wants a hard copy as a file to copy input and output data in it. The user can give up to 8 letters. If
it is left blank, a default is 'aashto++' whose last two character are randomized.

Prompt: Reliability Factor(50..99.99) - 90 -: The user must here give desired level of
reliability as percent from 50 to 99.99. It can be a real or integer value. 90 is assumed if he/she leaves
blank . Use Table D-1 for help.

Prompt: Analysis Period (0..60 year) - 20 -: This is refers to the period of time , for which
the analysis is to be conducted, i.e., the length of time that any design strategy must cover. The user can
use Table 2.1 for help. Leaving blank will be considered as 20.

Prompt: Maximum Possible Performance Period (0..50 year) <15>: This is the maximum
practical amount of time that the user can expect from a given stage. It is clear that it must be less than
'Analysis Period'. Analysis period is assumed if the user leaves blank.

Prompt: Initial Serviceability (0..5) —4.5-: This is the level of serviceability desired at the
beginning of performance period. Leaving blank is assumed as 4.5.

Prompt: Terminal Serviceability (0..5) 2.5 -: 1t expresses minimum level of serviceability
desired at the end of the performance period. It must be less than the initial serviceability and is limited
by this value, and seen in question prompt at the same time. Leaving blank is assumed as 2.5.

Prompt: Stage Strategy Number (1..3) - 2 -: 1t expresses stage construction, i.e., 2 means an
initial pavement plus one overlay. Leaving blank is assumed as 2.

Prompt: Overall Standard Deviation (0..1) ~0.45 : This is chance variation in the traffic

prediction of a given traffic loading. The user can give 0.35 for rigid pavements, 0.45 for flexible
pavements. 0.45 is default value.
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Prompt: Estimated 18-kip ESAL (0..10E+7) - 1E ‘T This is the cumulative two-directional
18-kip ESAL units predicted for a specific section of a highway during the analysis period. It is limited
by max. 100.000.000 and assumed as 1.000.000 repetitions if it is left blank.

Prompt: Directional Dist. Factor (0..100) -~ 50" Directional distribution factor is expressed
as a ratio that accounts for the distribution of ESAL units by direction, e.g., east-west, north-south, etc.
Leaving blank is assumed as 50.

Prompt: Lane Dist. Factor (50..100) - 50" Lane distribution factor is expressed as a ratio
that accounts for the distribution of tratfic when two or more lanes are available in one direction. Use the
Table 2.2 for help:

Prompt: Exponential Growth Rate (-20..20) < 0.000{ ~: The user must here give a value that
reflects the probable growth rate of traffic using the facility based on previous experience and judgement.
Negative value is also possible. Note that Compound Growth rate was used as a type of growth rate.
0.0001 is default value.

After these question prompts, it is possible to re-input these data pressing ESC key or the user
can answer prompt ‘Consider Swelling And Frost Heave (Yes'No):' pressing Y or N key or H to call help.
Pressing H calls help screens, ¥ brings swelling and frost heave data input phase screen and N key omits
this phase and calls material characteristics data input phase. If ¥ key is pressed, a new screen and a
prompt as '<Any Key To Continue >’ appears. At this time the user can press H for help screens. Next
prompts are as follows:

Prompt: Consider Only Swelling, Only I'rost H. or Both (S1°B) - Both : This prompt asks
the user which environmental effect he/she will select. Pressing .5 selects swelling, pressing /* selects frost
heave, and B or < Enter> selects both swelling and frost heave.

Prompt: Moisture Supply (0.100 %) - 20>: This is percentage which shows the moisture
degree. See Figure B-1 for help. Value must be integer. In case of blank input, 50 is assumed.

Prompt: Roadbed Soil Fabric (0..100 %) <20>: This is also percentage which shows the
fabric of the roadbed soil. See Figure B-1 for help. Value must be an integer and 50 is assumed if left
blank.

Prompt: Moisture Condition (M/A:0) < Average -: The user must here give the capital letters
of moisture conditions. Moisture condition is the subjective decision based on an estimate of how close
the soil moisture conditions during construction are to the in situ moisture conditions at a later date. See
Figure B-2 for help.

Prompt: Plasticity Index (20..80) 40 -: This variable is the plasticity index of subgrade soil

at a particular location. It is necessary for potential vertical rise computation. Limits will vary due to
moisture condition-given above. See Figure B-2 for help.
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Prompt: Layer Thickness (2:510'15202530:31..100) 2 This expresses thickness of
layer which is under penetration. The user can select only the numbers above. In case of blank input, 2 is
assumed. See Figure B-2 for help.

Prompt: Swell Probdbility (0.100) <20>: Swell probability is expressed as a percentage
representing the proportion of the project length that is subject to swell.

Prompt: Frost Heave Rate (0.30 mm day) - 2 - Frost heave rate defines the rate of increase
of the frost heave roughness (in millimeter per day). The user can use Figure C-/ for help. Detailed
information to use this figure is explained in previous chapters. Default value is 5 mm/day

Prompt: Depth of Frost Penetration (1..10 ft) <2 -: This is for maximum serviceability loss
computation. It is expressed in feet. Default value is 5 feet.

Prompt: Drainage Quality (Vp/PF'G/F,) < Poor > : This expresses the quality of the drainage.
Use Table D-5 to decide: The user must press the first letters of the drainage qualities to select. Default
quality is Poor Drainage quality.

Prompt: Frost Heave Probability (0.100 %) 20 -: This should be the user's estimation of the
percent area of the project that will experience frost heave. Default value is 50 percent.

After all these data inputs, the user can re-input all these data pressing ESC key or continue
pressing other than ESC key. Next screen is the material characteristics data inputs phase screen.

First prompt - Any Key To Continue - on material characteristics data input screen (Sereen F-
5) as previous screens asks the user press a key. H key calls help screens but’ others are starter to
continue data inputting.

Prompt: How Many Layers Are There Over Base Course (0..4) -~ 1-?: This prompt asks the
user give number of the layers which will be constructed over base course, such as binder course, surface
course ...etc. The user can give number up to 4. This means 4 more layers can be constructed over base
course except for overlay. Answer to this prompt brings next prompts. Default valueis 1.

Prompt: 4. Layer name : The user here gives names of these layers. If he/she gives 0 (zero)
answer to previous prompt, this prompt is omitted. Note that names of the first three layers are constant,
named as Subgrade, Subbase C., Base C., respectively. 4. and 5. layer names are 'Binder (. and ‘Surface
C.' respectively if they are left blank. After name inputs, next prompts ask the user strength parameters of
these layers.

Prompt: Subgrade Strength Paramefer:
CBR, R (if < 20) or Elasticity of Modulus (C'R'E) < E ~:
This prompt asks the user which kind of strength parameter he/she will us¢ to characterize
strength of the subgrade. R-value can be used if it is less than 20 due to AASHTO Guide suggestion.
One of C, R or E is an answer. Default is E.
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Prompt: Subbase Strength Parameter:
CBR, R or Elasticity of Modulus (C R )V
This is the same as previous prompt but asks theuser the strength parameter of the subbase
course.

Prompt: Application Type Base Course:
Cement Treated, Bituminous Treated, Granular (C-B-G) ~ G -

This prompt asks the user the type of application to construct base course. The user can give
C, B or G hot keys. Prompts in case of each choice:

In case of C choice:

Prompt: Base Strength Parameter:
Unconfined Compressive Strength or Modulus (U M):

The user here select the type pressing U or M hot keys.
In case of B choice:

Prompt: Base Strength Parameter:
Marshall Stability or Modulus (S:M):

S means Marshall Stability, A means Modulus (=elasticity of modulus) type.
In case of & choice:

Prompt: Base Strength Parameter:
CBR or Elasticity of Modulus (C'F):

C express CBR, E elasticity of modulus.

Note that all these data are needed for structural coefficient and Mg in main equation
computation. In case of selecting CBR, R-Value, Unconfined Compressive Strength, Marshall
Stability, these strength parameters are translated into elasticity of modulus for Mg computation.
Strength parameter for upper layers (if existing) is assumed to be elasticity of modulus.

After these data, next prompts ask the magnitudes of these layer strength parameters.

Prompt: Their Magnitude:
1. Layer Value: Prompt is repeated for other layers. Note that the layer value the
user will give refers to strength parameter of that layer.

Prompt: Drainage Coefficients of layers over subgrade (0.4.. 1.4) -~ 1.0::
Subbase C. Drainage Coefficient:
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Prompt: Base C. Drainage Coefficient:

Prompt: (mames) Drainage Coefficient:

These prompts ask the user give drainage coefficient of the first three layers over subgrade.
Program assumes 1.0 as drainage coefficient of layers above the first three layers except for subgrade.

At the end of this phase, you can re-input these data by ESC key or any other key to start
computing answering to prompt - Any Key To Start Computing .

Next Screen, in case that the user wants to continue, an output screen appears (Sereen F-6).
At the beginning of this phase a prompt appears over screen warning the user to wait due to running. This
waiting time varies due to computer CPU type and due to that if a math. processor exists or not. When
computing ended, results appear in column order on this screen. First column presents the names, second
the structural coefficients, third the structural numbers and fourth layers thicknesses computed.
Additionally, first of last two line expresses new maximum performance period computed. This value
may be less than the first maximum performance period due to swelling and frost heave consideration.
Second line expresses the time difference between analysis period and maximum performance period. If
swelling and frost heave is considered, it is clear that difference will increase and an overlay will be
necessary for this time. Note that a typical cross-section of a flexible pavement appears on the output
screen. This cross-section is only symbolical.

After having seen the results, the user can return to main menu pressing ESC key or print
results by means of printer to get a hard copy pressing P key or.copy results to a file pressing K hot key.

b) ITEM 2 (Changing Data And Thickness ReDetermination): Selecting this item brings
screens as those of ITEM 1.

First question asks the user the name of file (without any extension) which he/she computed
before and printed to a file with '.out' extension named. If he/she gives an invalid or absent file name, the
program opens 'aashto.def' file having default values.

’ Second question asks the user to press a key or H for help. Third question asks the user give a
name that will be appointed to output file. Next question asks the user which factor will be changed
requiring only its item number. Leaving blank omits next phase asking before whether he/she will
consider swelling and/or frost heave. If answer is yes (Y), swelling and frost heave data input phase
screen appears, otherwise, material characteristics data input phase screen appears. All these phases have
the same law to input data as seen in /7FM (. After these phases, the program starts computation.
Results are in the same order as that of /7/M 1.

¢) ITEM 3 (1hickness Determination I'or Overlay): Selecting this item brings 0§erlay design

phase screen (Screen. F-7). On this screen a prompt as < Any Key 1o Continue-- appears as ones seen on
previous data input screens. Here, the user can press H key for help or any other key to start giving data.
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Prompts here changes depending upon the stage strategy number. If stage strategy is selected
1, this is to say that overlay is not required. So, overlay design phase cannot be called warning the user
with a prompt on main menu screen. In case of selecting stage strategy number as 2, this means 1 initial
pavement structure plus one overlay. Otherwise, in case of selecting 3, it means one pavement structure
and 2 overlays over this structure.

Selecting 2 brings only one prompt that is-as follow:

Prompt: First Stage Overlay Material Elasticity of Modulus:

This prompt asks the user give elasticity modulus of overlay material. This can be given as
that of upper layer of initial structure and is limited with max. 500000 psi. After giving value, program
runs and computes structural number, structural coefficient and thickness of overlay and prints them on
screen together values of initial pavement structure. At this stage, as previous ones, the user can use
ESC, P, F, or H hot keys for their function. Note that overlay is designed for the time that is difference
between analysis period and new computed max. performance period. Note that this will be less than first
number given at general data phase if swelling and frost heave is considered.

For example, let analysis period be 25 years and max. possible performance period be 15 years
and assume that maximum performance period was computed 13 years. In this case, overlay is designed
for remaining 25-13=12 years.

Selecting 3 as stage strategy number brings 3 prompts. First two ask the elasticity modulus of
two overlay and the other asks lifetime of first overlay. Note that first overlay lifetime is limited 1 year
and 1 year less than difference between analysis period and maximum performance period just computed.
To give an example: If analysis period and max. possible performance period were selected 25 and 15
years respectively and new max. performance period was computed as 13 years. In this case, the life time
of first overlay is limited with minimum 1 year and maximum 25-13-1=11 years. If the user select 10
years as lifetime of first overlay, the lifetime of second overlay is 25-(134 10)=2 years automatically.

After giving data, program runs and computes structural numbers, structural coefficients and
thicknesses of both overlay and prints them on screen with values of initial structure layers.

d) ITEM 4 (Preparing Swelling And I'rost Heave Data): Selecting this item brings only one
screen.. At this.stage, the user can call help with H key or any other key to continue data input sequence.
Prompt sequence is as follows:

Prompt: Section Length - ft-- (0..1000): The user here give the section length of the road
which he/she separated in sections being influenced by swelling and frost heave. It is limited by 0 and
1000 fi.

_ Prompt: Roadbed Thickness (0..1000): This is the thickness of roadbed section whose length
the user gave before. It is limited by 0 and 1000 ft as previous data.

Prompt: Soil plasticity Index (20..80): This is plasticity index of samples taken at each bore
hole in the section. It is limited by 20 and 80.

1l 53



Prompt: Moisture Condition (M A O): The user here gives the moisture condition for each
bore hole pressing M, A, O key where M means ‘Minimum', A means 'Average' and O means 'Optimum’.

After data input, the user can return to main menu screen pressing ESC hot key.

e) ITEM 5 (Preparing Roadbed Resilient Modulus Data): This item calls only one screen as
~ ITEM 4. The user can require help at the beginning pressing H key. Prompts appearing at this phase are
as follows:

Prompt: Roadbed Resilient Modulus (0..30000) psi: The user here gives the roadbed
resilient modulus of the section in climatic condition of that month. Months is devided two halves.

Prompt: Relative Damage - Uf  (0..1000): This is relative damage factor computed using
roadbed resilient modulus and equation on Figure D-3.

At the end of this phase, a prompt appears above showing average relative damage. Giving
roadbed resilient modulus after using equation, the user can print using printscreen’ key. ESC key quits
this phase and return main menu screen.

) ITEM 6 (Printing Again Last Results On Screen) This item calls back new pavement
design output phase screen (Screen F-6). The user can use functional keys such as ESC, H, F, P for any
requirements, also here.

g) ITEM 7 (Printing Last Results From Printer And 1o File) This item prints last new
pavement design outputs in a file whose name has been given before and from printer. The user should
control that printer is on. Otherwise, a malfunction occurs.

Note that an output file is presented at the end of section 2.3 of this chapter.

6.4 Some Points in the Program to Consider

Followings are some points the user must consider:

a) In program, the user meets questions as in such a format below: For example,

'Exponential Growth Rate (-20..20) - 0.0001 -’

Question Expression  Limitation Default Value

-20 means minimum value the user is permitted 10 give.
20 means maximum value the user is permitted to give.
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0.000/ means default value that will be processed if the user leaves blank as an answer to the

L]

question.

b) The user must control the printer before he/she chooses ITEM 7 on main menu screen
(Screen F-2) or on initial pavement design output phase (Sereen F-6). Because this is not a professional
program , in case of any wrong answer, the process may end with a ‘Run-Time Lrror’ and he/she may
‘not call program back at any phase he/she is.

¢) The user must pay attention to give answer and values in accord to perform analysis
without fault. He/she, therefore, should decide and prepare data that he/she will give before starting the
program.

d) The user should answer 'File Name 1o Open' on initial pavement design screen
(Screen F-3) giving a name without any extension. The program assumes the extension as "out’. The user
can see the content of these files by means of any editor program.

e) Help requirement is possible only at the beginning and at the end of each phase, for
example, help for swelling and frost heave can be called only if the prompt  'H {0 help’ appears.

f) Giving an answer, such as 12.3, can appear on the screen as /.23/<: 0. It is clear that
this is equal to 12.3 as known. This is valid also for output values.

2) Choosing ITEM 3, 6, 7 on main menu screen may brings a prompt as ‘No New Data
Have Been Given In Yet' if the user have not given any data for a new pavement design. It means, the
user must select ITEM 1 first before these items are executed. :

h) 1t is clear that Terminal Serviceability value (initial pavement design phase) must be less
than the initial serviceability value. The minimum limit of the terminal serviceability is the initial
serviceability value. So, the maximum limit of the terminal serviceability in question prompt will be
changed depending upon the initial serviceability that the user has given before.

i) All data are limited as possible as they can be in case of that the user may give invalid
values. But a combination of these data may not well-combined. So, it is important to prepare a well
combination for trusty, not to get abnormal results.

J) In case of any improper answer to questions, program warns the user prompting blue
texts above, i.e., if a real value instead of an integer that question requires is given, a prompt as
*rcx NUMERIC |, INTEGER VALUE and IN LIMITS REQUIESTID * * appears. In this case, prompts
live for only 8 2 seconds and then disappear. But on the main menu screen, life time of prompts is 83

seconds which the user can read the prompt easily.
Please wait during this time.
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6.5 Program Content

The Program was prepared in pieces whose file names are ‘aashto’, ‘compute’, 'screens’,
datastor', ' helps', 'inputs’, ‘outputs’ and’ ‘warnings’. AASH10 file consists of main oriented Pascal
commands but other are 'unit' files meaning aid files in Turbo Pascal * programming language. Below is
the list of the files whose contents are expressed: '

a) 'aashto.pas' consists of main menu orientation and the general management file.
b) 'compute.pas' consists of computing process. It computes the structural number,

structural coefficients, and layer thicknesses.
¢) 'datastor.pas' consists of function which stores all static data and temporary variables

and values.

d) 'helps.pas' consists of all help screens when they are required.

e) 'inputs.pas' file is the file in which all individual data are input.

J) 'screens.pas' file consists of all screens printed on monitor when the program is
running. :

g) 'warnings.pas' consists of all prompts warning the user after any improper value input
or requirement.

Note that content of all these files is listed in APPENDIX H .

6.6 Introduction To Turbo Pascal Programming Language

Pascal programming language was approved by Niklaus Writh as an extension of
ALGOL Programming language. It has been approved year by year and been very'popular programming
language used by many young programmers and users.

Turbo Pascal, used in this program, is the registered mark of Borland International
which approved this version (6.0) in last years and put on the market new (7.0) version.

Turbo Pascal is neither a very complex language as Turbo C++, Assembler or Machine
Language nor a very basic language as Basic. This property of language has increased its popularity, and
it is used in large and complex program preparing.

6.7 Computed Examples

Here are the some examples solved using the program. some of them were solved
considering swelling and frost heave, some of them not. Additionally, the user will find a few examples
overlay design required.

" Turbo Pascal is registered trade mark of Borland International,
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*1 is the block where all main ddta were ll ted

*¥2 is the name of this file which i given in prmgiJm by the use: .

*3 is the block where SWELLING and FROST HEAVE dala were listed (with
positive numbers if considered).

4. shows whether Swelling or/and Frost Heave i3 considered or-not, or
which one is considered.

*5 is the block where all main waterial properties Jduela were licted.

6 is the block where all laver names werc Licted.

*7 is the block where the strenglh parameter of coch Layer 19 givon,
These are the paramsteor.  the wwei Whes Lo Pae! Laver coeltiv teale
at charts.

*8 shows strength parameter magnitudes o each laver . bor sxampels , o
R-¥alue is shown for subbase in Block <7y, this wvalde may vary |
to 85 or 90 limited in layer coefficient charts.

*G is the block where drainage coefficient of wach laver i lioted
varying 0.6 to 1.4,

*10 is the block presenting reszults after program running.

#11 is the block where structural coefficient of each laver iz listed.

*¥]12 is the block where structural number of zach ld/br is listed.

*13 is the block where laver thicknssses are listed an inches.

*¥14 is the block where strength paraneter of each laver is converlad
in modulus to use in computation. For example, 1T CEBR is given az
the strength parameter of subbase, a 24 COR magnitude, shown, iz’
used in computation az 13500 psi modulus buoing converted.

*15 is the block presenting wax. performance period after computing.
The number will be less than max. possible performance period Lf
Swelling or/and Frost Heave iz considersd.

¥16 is the block presenting over lay thicknew and propreties.

*17 shows It over lay computalbion 1+ @ eguared o ool

18 shows the layer name of sach overlay, wtandaid aw Overlay 1 oand 2

*19 shows the elasticity modulus of each  owverlay. Note that if 1
overlay is required, values of second overlay will be zero.

*20 shows the structural ceefficienlt of sach overlay.

*¥21 shows the structural number of each overlay.

*¥22 shows the layer thickmess of each overlay in inches.

*¥23 shows the year which firsl overlay must be constructed.

¥24 shows the vear which second overlay must be comstructed if
required). ‘
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Reliability Factor (%) 4.000000000000000006E+0001
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Analysis Period (vear)

Initial Serviceability

Terninal Serviceability

Stage Strategy Number

Overall Standard Deviation
Estimated 18 kip Single Axle Load
Directional Distribution Factor (%)
Lane Distribution Factor (%)
Exponential Growth Rate (%)
Reliability Factor (%)
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-50000000000000000£+0000
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1. 00000000000000000E +0006
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& QHLLLINU & fROJT HL&V& UAT& uLUl Not Cun Iztl’d
Moisture ¢upply 4) 0
Roadbed Soil derlb (%) 0
Plasticity Index ]
Moisture Condition

Layer Thickrese {(inc)

Swell Probability (%) 0
Frost Heave Rate (mm/day) 0. 00000000000000000E +0000
1Depth of Frost Penstration (fest) 0. 00000000000000000F +0000
Drainage Quality .
Frost Heave Probability (%) :l 0
*This and following example outputs are file QUL .
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OVERLAY Z 0 OOUUUOOOUOt%UOuu 0. 000000000uL 10000t 0. OUl““OUUUL*UOOU

[Toa% First Overlay is Necossary Afler  L.ErOUDL Yeure Over  ilisl Loyers.
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& FLtkIuLt HleN ’“TFM WU V“lfILN $1 MAY g
& INITIAL PAVEMEN TRUC]UH& bﬂNLHﬂ l‘ 'ULt [fllcn,m<j ,mplpl
NOTE
Maximum Possible Performance Period (year ) 15
Analysis Period (yesar) : 20
Initial Serviceability S 4.599999992499654481E +0000
Terninal Serviceability : 2.50000000000000000E +0000
Stage Strategy Number : 2
Overall Standard Qeviation : 4 .499959999993 181018 -0001
Estimated 18 kip Single &xle Load : 2.50000000000000000E +0006
Directional Oistribution Factor (%) : 50
Lane Distribution Factor (%) : ~ 80O
Exponential Growth Rate %) : 3.00000000000000000£+ 0000
Reliability Factor (%) : UVOUOUOUUUUUHOOUOOJL40001
& SHELLINB & FhUgl HtAb Uﬁl LUﬂF # UuJ; -Hflllr luH 1d\ivd
Moisture Qupplj RA) dL
Roadbed Sodil Fabric 6) 30
Plasticity Indax 40
Moisture Condition Optimum
Layer Thickness (inc) 10
Swell Probability (%) 30
Frost Heave Rate (mm/day) 0.00000000000000000E +0000 |
Depth of Frost Penetration (feetl) 0.00000000000000000E+0000
Drainage Qualily
Frost Heave PrODGbLlle (%) : . 0
[i:: PAVEHLN[ LON‘!RUCTIUM MQIL IAL ’ROPE& ; AfA DIHI‘ i
LAYER NAMES JTQLNGTH PQRAMIIEP AQMITUDE Uhth@BE
Subgrade Cld Llthy ot MuduluJ DJUU L~JOG0Li0000
Subbase C.| Elaslicity of Modulu. 12000] 1. 00008 +0000
Baze C.] Unconfined Compressive Strenalh 1an] 1 D000 rH000
ANY LAYER] Elanlicily of #modulu. { 400000 1. oD00L +0000
O] 1. 0DOCE 0000
01 L.0000E+0000
O +.0000E+0000
$ [NITIAL ’AVLM[N! UII”U! uLHl. §
STRUCTURAL Locf JIRUL1U(&L Mu LAfo Tl L. COMVERTED  VALUE
0.000000000E+0000 5.880000000E+0000 0.0GGOOUOGOE»UDOO 5500
8.697414 2855 -00021 4.610000000E+0000 14602041008 + 0001 12000
1.260000000E~-0001¢ 1.100000000E+0000( 2. 4941533600 0001 525000
4.192476401E-0001( 1.250000000€+0000] 3.5000000000 0000 400000
0.000000000E+0000| 0.000000000£+0000] 0. 000000000 + 0000 0
0.000000000E+0000] 0.000000000E +00007 0.000000000% 40000 ) 0
0.000000000E +D000D 0.000000000L+0000 0. 000000000 +0GD00 )]

(3 62




Ferformance FPeriod

%0001 Computed.  &fler This Txme An

kK New Max. l 4
Overlay Necessary For 5 ZuLiUUOU Yga|ﬂ. ,

S — R —

# 2. STAGE OUhRLAY S]hUL1Ukt UﬁlA BLOL

.;; :

Not Ru{”lltd

0102000 < sopanires b psns crrerams gt et e

TLAYER NAWE| MR (pm STRUCTURAL Coof *:‘"‘ﬁi?d'ﬁ]‘um al tm LA YER THICK.

OVERLAY 1 0 U ODOOOOOUUOtiDUUJ u uouuoonﬂnn 40000 0. 000400000E + 0000
+ | OVERLAY 2 . 0| 0.00000G0000E 10000 | 0.0U000RGOVVE 10000 | 0.0U0GUO0OOE +0000

e o e e A RN AT AN e et Setsts re1re st St e s e s P AP P AT .;;4«.4,{'....‘ POR PP AN |

o e e

$

FLEXIBLE HIBHNAY PAVEMLNT DE‘I&N P ObiAM

§ M&Y ’zflgﬂd

e T

] INITIAL PAVEMENT STRUCTURE PENERAL DA]& BLUC

&

B

[Filename ]:exanple?

NOTE v

Maximum Poszsible Performancs
Analysis Period (year)
Initial Serviceability
Terninal Serviceability
Stage Strategy Number

Period (yvear )

15
20
.5J09QJJJ9Jlo54401E10000
.50000000000000000E +0000

!

e

Overall Standard Deviation 4499939999993 18101E-0001
Estimated 18 kip Single Axle Load 2L B0000000000000000E +0006
Directional Oistribukion Factur (%) 50
Lane Distribulion ractor (%) 80
Exponential Growth Rate (%) 3, QAD0GR000GACHOUD00E +3000
Reliability factor (%) 9.00000000000000000?40001
# SWELLING & FROST HEAVE DATA BLOCK 4 &ott LUHgld&r&d

Moisture Supply (%) 30
Roadbed Soil Fabric (%) 30
Plasticity lndex 45
Moisture Condition Average
Layer Thicknes: (ing) 20
Swell Probability (%) 30
Frost Heave Rate (mm/day) 2.00000000000000000€ +0000
Depth of Frost Penstration (feel) 2.00000000000000000€+0000
Drainage Quality bood
Frost Heave Probability (%) 25

(3 63




1.1E+OOOJ Years

Over Fire

F?z PAUEMENT CUNKTHUCTIHH MA? IA! fRUfthilu DATA PLOfl 4
LAYER NAMES ‘TRENGTH PARAMLTFF MAGNITUDE URAINAFE C.
| oo RS - S
Subgrade| CBR (LdLLTornla Bo:ran HJLLU‘ 4 1.0000E+0000
Subbase C.| CBR (California Bearing Ratio) 351 L. 00008 +0000
Base C.] Marshall Stability 1400 1.0000£+0000
Asinma T.| Elasticity of Modulus 300000 1.0000E+0000
‘ 1 1.0000E£+0000
0] 1.0000E+0000
Y 1.0“00E+0000
s INITIAL PfWhMLI[ DUTPI FLarE ry
STRUCTURAL Coef. TRULTURAL No L&&L TII LOHU% ILU VALUE
0.000000000E+0000| 5.870000000E+0000 0.000000000E+0000 65000
1.118867658E-0001 | 4.340000000E+0000( 1.367453951F+0001 15450
2.750000000E~0001| 1.430000000E+0000| 1.058181818E+0001 300000
3.598853939E-0001| 1.430000000E+00001 3.4973487183E+0000 200000
0.000000000E +3000( -0.000000000E +0000| 0.000000000C+0000 0
0.000000000E+0000| 0.000000000E+0000] 0.000D0QUONE +0000 )
0.000000000E+0000| Q. 000000000E+0000 O.UOUUOUUUUL*LUOO )
_-:;* Hew Max. PbifOtmdﬂkc }Lllod L. JJLiUOUL fumpllcd AftermthJ llme An
Overlay Necezsary Fai H.9VE+D000 Year-
$ 2. STAGE UVEF{LAY STRUCTURE UATA GLOCK & f\equl;.xj
ﬁ: AV . e oo
LAYER NAME |MR (psi) STRUCTURAL Coef. STRUCTURAL NUM. LMYEP THICK.
— ... e
OVERLAY 1 400000 4.192476401L4F -00011 L.25903000 7495 +0000] 2 ”IIO M adsE 10000
QVERLAY 2 4000001 4. lU'41040llL oLy L. -L4\UUb34£L+UOOD CII: LUU '857E+0000
i **xk First Overlay is Nece ssary A1ter "thUUl Y(dr, Over [Hllel Layers.
k% Second Overlay is Necessary After

1 Overlay.
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RLEXIBLE HIGHWAY PAVEMENT DESIGN FRUGRAM

WAV 2771994

$ @

& INITIAL PAVEMENT STRUCTURE GENERAL D&TA BLOCK ¢ [Filename ] cxanples

NOTE

Maximum Possible Performance Period (year) 15
Analysis Period (vear) 20
Initial Serviceabiiily 4, 599999999945 348 LE +0000
Terninal Serviceability 2.50000000000000000E +0000
Stage Strategy Number 2
Overall Standard Deviation 4.49999999999518101E-0001
Estimated 18 kip Single &xle Load 1.00000000000000000€ +0006
Directional Distribution Factor (%) 50
Lane Distribution Factor (%) 80
Exponential Growth Rate (%) 2.00000000000000000L +0000
Reliability Factor (%) 9. 00000000000000000E+0001
¢ SWELLING & FROST HEAVE [D&TA BLOCK | Only FROST H. ﬁon%ider;;ﬂ
Moisture Supply ((X) 0
Roadbed Soil Fabric {4 0
Plasticity Index 0
Moisture Condition

Layer Thickness (inc) 0
Swell Probability (%) . 0
fFrost Heave Rate {(mm/day) 2.0000000G000000000€ +0000

Depth of Frost Penclration (feelb) .. 000000000000000G0C+0000

Drainage Quality Excellant

Frost Heave Ptobabllltj ) 40

& PAV&MENT CUNS]RUC]IUH MATERI&L D"OlﬁhTIE“ DATA BLULI ]

LAYER NANES TRthTH ’ﬁRAMLth MADMIYUDE ORAINAGE C.

Subgrade| Elasticity of Modulu, IOO 1.UOUOL4DOOD

Subbase C.] Elasticity of Modulus 110001 1 O000E+0000

Base (.| Elasticity of Modulus 300001 1.0000C+3000

ANY| Elasticity of Modulus 4000001 1. 0000E+0000

0 1.0000E+0000

O 1.0000E+0000

0y L. D000E+0000

§ INLTIAL PﬁVEMLMf IUIPUT ‘lH!.'M | ¥
bTRUCTURAL Coof. | STRUCTURAL Mo. | CUAYER THICE. Conv! 1r ) VALUE

0. 000000000C 0000 5.[0U000000L«oou’”"blnu00nuuun woos| ‘ 500

7.839613953E-00021 4.120000000£+0000] 1.25006 1554140001 11000

1.378031924E-000L [ 2.900000000L+0000] 8.8537050:3L0 +4000 30000

4.192476401E-00011 1.020000000C+0000] &. 91715289 +0000 400000

0.000000000E+00001 0.000000000E+0000 | 0.000000000C +0000 0

0.000000000E+0000 | 0.000000000E 40000 0. 0000000008 + 3000 0

0.000000000£+0000( 0.0Q0000000E+000G0| 0. 00000CO0GE + 3000 0
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Overlay Necessary for

Wa*** ““New Max. Performance Period 1.458+0001 Computed. After Thiz Time &n
5.50E+0000 Years.

i

$ 2. STAGE OVERLAY STRUCTURE DATA BLOCK &

Not Reguired

LAYER NAME MR (psi)] STRUCTURAL Coef.

STRUCTURAL NUm.

LAYER THICK.

08 e Aowrboats- o nsow vt omiroeasaceropissed

0.0000000000C +000D
0.00000060000E+0000

OVERLAY 1 0

OVERLAY 2 0

0. 0000000000E +0000
0. 0000000000E+ D000

0. 000D000DOE +0000
0.000000000E +0000

e
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CHAPTER 7

CONCLUSIONS And SUGGESTIONS FOR FURTHER STUDIES

The computer program presented in previous chapterswas based on AASHTO Guide for
the design of pavement structure. It can be said that this approach of method of design considers
highly realistic factors, such as, environmental effects, material properties, traffic effects, future traffic
estimation ...etc, especially, environmental effects including both swelling and frost heave affecting the
highway performance and life negatively.

" Overlay design consideration in the Guide prevents unnecessary initial layer thickness
which will serve future traffic offering more economical solutions.

Computer program prepared in accordance with the AASHTO Guide gives realistic
solutions and yields the results in a shorter time avoiding trial approaches.

In this study, the major goal was to introduce the recently developed AASHTO Guide
for the design of flexible pavements and to prepare a computer program to facilitate and accelerate the
design with the possibility of using different data combinations.

This study introduced only flexible pavement and overlay design procedures scanning and
filtering the related parts of the Guide, and software is prepared in this scope.

Any further study on this subject should be oriented by adapting the procedures and data
to the local conditions in Turkey. Also rigid pavement design procedures should be included in the
study and the software should be developed considering these procedures.
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APPENDIX A

GLOSSARY OF TERMS
Analysis Period: The period time for which the economic analysis is to be made; ordinarily
will include at least one rehabilitation activity.

Base Coarse: The layer or layers of specified or selected material of designed thickness placed
on a subbase or subgrade to support a surface coarse.

Drainage Coefficient: Foctors used to modify layer coefficients in flexible pavements or
stresses in rigid pavements as a function of how well the pavement structure can handle the adverse effect

of water infiltration.

Equivalent Single Axle Loads: Summation of equivalent 18000-pound single axle loads used
to combine mixed traffic for the design period.

Flexible Pavement: A pavement structure which maintains intimate contact with and
distributes loads to the subgrade and depends on aggregate interlock, particle friction, and cohesion for
stability.

Initial Serviceability: The highest index that the user of road will be able to accept this road
perfect after being put into service.

ayer Coefficient: The emperical relationship between structural number and layer thickness
which expresses the relative ability of a material to function as a structural component of the pavement.

Low-Volume Road: road generally subjected to low levels of traffic; in AASHTO Guide,
structural design is based on a range of 18-kip ESAL's from 10000 to 100000 repetations for aggregate-
surfaced roads.

Performance Period: The period of time that an initially constructed or rehabilitated
pavement structure will last (perform) before reaching its terminal serviceability; this is also referred to as
the design period.

Presented Serviceability Index: A number derived by formula for estimating the serviceability
rating from measurements of certain physical features of the pavement.

Reliability: 1t is a means of incorporating some degree of certainty in to the design process to
esure that the various design alternatives will last the analysis period.

Resilient Modulus: A measure of the modulus of elasticity of roadbed soil or other pavement
material.
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Rigid Pavement: A pavement structure which distributes loads to the subgrade, having as one
coarse a portland cement concrete slab of relatively high-bending resistance.

Mgbed: The graded portion of a highway between top and side slopes, prepared as a
foundation for the pavement structure and shoulder.

Structural Number: An index number derived from an analysis of traffic, roadbed soil
condltlons and environment which may be converted to thickness of flexible pavement layers through the
use of suitable layer coefficients related to the type of material being used in each layer of the pavement
structure.

Subbase: The layer or layers of specified or selected material of designed thickness placed on
a subgrade to support a base coarse (or in the rigid pavements, the portland cement concrete slab).

Subgrade: The top surface of a roadbed upon which the pavement structure and shoulders are
constructed.

Surface Coarse: One or more layers of a pavement structure désigned to accommodate the
traffic load, the top layer of which resists skidding, traffic abrasion, and the disintegration effects of
climate. The top layer of flexible pavements is sometimes called ' wearing coarse' .

Terminal Serviceability: The lowest index that will be tolerated before rehabilitation, or
reconstruction becomes necassary.




APPENDIX B

FIGURES AND TABLES OF SWELLING TREATMENT

HIGH FRACTURED
ROADBED
MOISTURE SOIiL
SUPPLY FABRIC
A
LOW TIGHT
NOTES: al LOW MOISTURE SUPPLY:
Low ramnfall
Good drainage
b) HIGH MOISTURE SUPPLY
High raintall
Poor drainage
Vicinity of culverts, bridge abutments, inlet leads
cl SOIL FABRIC CONDITIONS (self explanatory)
dl USE OF THE NONOGRAPH ,

11 Select the appropriate moisture supply condiion wiich may be somewhere between
iow and high (such as A).

2) Select the appropriate soil fabric (such as Bl This scale must be developed by each
individual agency.

3} Draw a stragiit ine between the selected points (A 10 Bl

4} Read swsell rate constant from the diagonal axis tread 0 10}

Figure B-1 Nomograph For Estimating Swell Rate Constant QJ B1
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APPENDIX C

FICURES AND TABLES OF FROST HEAVE TREATMENT

Frost
Susceptibility
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Figure C-1 Chart I'or I'stimating Frost Heave Rate For A Roadbed
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Table C-1 Example Of Process Used To Predict The Performance Period Of An
Initial Pavement Structure Considering Swelling And/Or Frost Heave

Initial SN: 4.4

Maximum Possible Performance Period (years): 15
Degjen Serviceabiljtv Loss. PSI=Po-Pt=4.4-2.5<1.9

ey 2 3 @ (5) (6)
Iteration | Trial Total Corresponding | Allowable | Corresponding
No Per. Per Service. | Serviceability | Cumulative | Performance
(years) Loss Due | Loss Due To Traffic Period
Swelling | Traffic (18-kip) (years)
And Frost | PSItr ESAL
Heave
PSIsw th
1 13.0 0.73 117 20 10° 6.3
2 9.7 0.63 1.27 23 10° 7.2
3 8.5 0.56 1.34 26 1P 8.2
Clumn No Descrintion OI Procedures
2 Estimated by the designer (step 2)
3 Using estimated value from column 2 with Figure D-2, the total
serviceability loss due ta swelling and frost heave 1y determined (step 3)
4 Subtract environmental servigeability loss ccolumn 3) trom desien total
serviccadility 1oss (o determumne correspofiding, servicdability 1osy due 10
trattic. ,
5 Determine form Figure D-9 keeping all inputs constant {except for use
of traffic serviceability loss from column 4 and applying the chart in
Teverse (step 3) ,
6 Using the traffic from column 3, estimate net performance period from

Figure D-1 (step 6)
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APPENDIX D

FIGURES AND TABLES QF DESIGN PR&)C‘EDURES
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Figure D-1 Example plot of cumulative 18-kip ESAL traffic versus time for
assumed conditions.
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Roadbhed Relatve 30 —Er‘"‘“ .005
Soil Damage 34—
Month Modulus., u o~
v M (psi) <.
T w»
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Figure D-3 Example chart for estimating effective roadbed soil resilient modulus for
flexible pavements designed usimg the serviceability ¢ritena




Structural Laver Coethrrent. a,, for

Figure D-4 Chart for estimating structural layer coefficient of dense-graded asphalt
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Figure D-9 Design chart for flexible pavements based on using mean va|@®§ 3
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Allowable 18-kip Equivalent

Single Axle Load Applications, W, {(thousands)
:  RUT

L gt oo JEN S RNt N

Modulus of Aggregate fBose Layer, Egc (psi)

L N c e tatd Example :
8 ° 8 ;, 8 33 Dgs © 8 inches
. § § § § § § § RD = 2.5 inches
Mg = 4,900 psi
Egs * 30,000 psi
Solution: w,,“m=' 29,000
. (18-kip ESAL)
'} =
oo\
Resilient Modulus of Roadbed
Material, M_ (psi) .
r:-‘
Allowable Rut Depth, RD (inches)
& o 3 a b = o w0 @, ~ o o s
L IL L L A N B DR B T 1

Thickness of Aggregate Bose Layer Considered
for Rutting Criteria, Dgg (inches)

Figure D-15 Design chart for aggregate-surtuced roads coistdering allowable ( & D13

rutting
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Table D-1 Suggested Levels of reliability for various functional classification

Functional Recommended Level of Reliability
Classification .
Urban Rural
Interstate andOther Freeways 85-99.9 80-99.9
Principal Arterials 80-99 75-95
Collectors 80-95 75-95
Local 50-80

NOTE: Results based on a survey of the AASHTO Pavement Design
Task Force

Table D-2 Recommiended mi values for modifying for moditying
structural laver coefficient of untreated base and subbase
matendis m flexibie pavements

Percent of time pavement structure is exposed to moisture levels
approaching saturation

DRAINAGE Loss Than Greater Than
(QUALITY 1% 1-5% 5-25% 25%
Excellent 1.40-1.35 1.35-1.30 1.30-1.20 1.20
Good 1.35-1.25 1.25-1.15 1.15-1.00 1.00

Fair 1.25-1.15 1.15-1.05 1.00-0.80) 0.80

Poor 1.15-1.05 1.05-0.80 - 0.80-0.60 0.60

Very Poor 1.05-0.95 0.95-0.75 0.75-0.40 0.40

(3 D19




Table D-3 $tandard Normal Deviate (71 Values Corresponding To
Selected Levels Of Relability

Reliability R (%) Standard Normal Deviate, ZR
50 <0.000
60 -0.253
70 0.524
75 0.674
80 -0.841
85 -1.037
90 -1.282
91 -1.340
92 -1.405
93 . -1.476
94 -1.555
95 -1.645
96 -1.751
97 -1.881
98 -2.054
99 -2.327

99.9 -3.090
99.99 -3.750

Table D-4 Minimurin Practical Thickness For Each Pavenient Covrse

Minimum Thickness (inches)

Traffic, ESAL's Asphalt Concrete Aggregate Base
Less than 50.000 1.0 (or surface treated) 4
50.000 -150.000 2.0 4
150.001-500.000 2.5 4
500.001-2.000.000 3.0 6
2.000.001-7.000.000 35 6
Greater than 7.000.000 4.0 6

'@ D20



Table D-5 The general definations corresponding to different drainage levels from
the pavement structure

Quality Of Drainage

Water Removed Within

Excellent 2 Hours
Good I Day

Fair 1 Week
Poor 1 Month

Very Poor

Water will not Drain

Table D-6 Suggested seasonal roadbed soil resilient moduli MR (psi). as a function

of the relanve quality of the roadbed matenal

Soeason (Roadbed Soil Moisturs Condition)
Relative
Quality .
of Wintar Spring-Thaw Spring/Fall Summaer
Roadbed . {Rosdbed (Rosdbed {Roadbed {Roadbed
Sail Frozen) Saturated] Wet) Dy}
Very Gaad 20,000 2.600 8.000 20.000
Good 20,000 2,000 6.000 10.000
Fau 20,000 2,000 4,500 6,500
Poar 20.000 1.600 3.300 4.800
Very Poot 20.000 1.500 2.500 4.000

*Values shown ate Resiient Modulus 1n pst

(&3 D21




Table D-7 Example application of chart for computing total pavement damage (for
both serviceahility and ruttine criteria) hased on a irial 4gereeate hase
thickness

[TRIAL BASE TNICKNESS. Ops {lnches) _ 8 Serviceability Critena Rutting Criteria
APSI=30 RD(inches} * 2.5
(11 2y {3 (41 {6} 18) n 8)
Season Roadbad Base Projected Allowabie S ) Alb hl, [3 al
[Roadbed Rasilient Elastic 18-kip ESAL 18-kip ESAL Damage. 18-kip ESAL Damsge
Moisture Modulus, Modulus, Traffic, Teaffic, Wis Traffic, Wy
Condittonl Malpsil Epslpil Wig Wigles: Wygles; W, glnur W, o
Winier
ifrozen} 20.000 30.000 4.400 400.000 ool 130.000 003
Spring Thaw
[Saturateq) 1.500 30.000 2.600 4.900 053 B.400 on
Spring/Falt
Wwen 3.300 30.000 7.000 8.400 0.83 20.000 035
Summer :
{Dayl 4,900 30.000 7.000 16,000 044 29.000 024
Total Totsl Total
Traftic = 21.000 Damage = 1.81 Damage = 0893

Table D-8 Reduction 1 performance period (service life) of mitial pavement ariving
' from swelling considerations

Initial SN 3.0 .
Maximum Possihle Performance Period (years) 15

Desigs Serviceability Loss, 4PSI = Py = b ™ 4.6 - 2.5 = 2.1

(n (2) (€] (4) (5) (6)
Iteration Trial Serviceability Corresponding Allowahle Corresponding
N, Pertarmance Lass bue to Serviceability Camilat fve Petrtotmancs

Perind Swelling Loss Due to Traftic Period
(Years) APS1 Traffic {18~kip ESAL) (Years)
w Ps1
ook
1% 13 .21 1.89 16.0 x 106 13.2

L]
Convergence achieved after only one itération.
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APPENDIX E

LIST OF TEST PROCEDURES

1- CBR, California Bearing Ratio (ASTM DI1883, AASHTO T193, Milstd 621 A): To
determine the load-bearing capacity. The results are used to appropriate the resilient modulus.

2- Marshall Stability (ASTM D1559, AASHTO T245): To determine the plastic flow rate of
bituminous mixtures.

3- Plasticity Index (ASTM D424, AASHTO T 90): To find the range of water content s over
which the soil is in a plastic state.

4- Resilient Modulus of Asphalt Concrete From Diametral Strain (ASTM D4123): To
estimate the modulus of asphalt concrete and other relatively low-strength materials under simulated
field-loading conditions.

'5- Roadbed Resilient Modulus (MR) (AASHTO 1274): To determine the roadbed resilient
modulus of the elastic property of soil.

6- R-Value (ASTM D2844, AASHTO T190): To determine the load-bearing capacity of a
material.

7- "Unconfined Compressive Strength:
a) For cohesive soils (ASTM D2166, AASHTO T208) )
b) For cement-treated materials (ASTM D1633): To find the unconfined compressive strength of soils
using molded cylinders as test speciments.

Ll E1




APPENDIX F

SCREENS APPEARING WHEN THE PROGRAM IS RUNNING

Below is the micro flow-chart illustrating the sequence of the input, control and output
screens in program. Note that all input screens can call a help screen.

. OVERLAY
TITLE TITLE MAIN MENU DESIGN INPUT
SCREEN | | SCREEN | | —  And OUTPUT
1 2 A | SCREEN
PREPARING ROADBED w PREPARING SWELLING
SOIL RESILIENT And FROST H. DATA
MODULUS DATA . SCREEN
SCRREN
INITIAL PAVEMENT 'INITIAL PAVEMENT
STRUCTURE GENERAL STRUCTURE
DATA INPUT SCREEN GENERAL DATA
' J' _CHANGING SCREEN
SWELLING AND FORST 'SWELLING AND
HEAVE DATA INPUT FROST HEAVE DATA
SCREEN CHANGING SCREEN
v ,,,,JL J,- o
MATERIAL PROPERTIES MATERIAL
DATA INPUT SCREEN PROPERTIES DATA

CHANGING SCREEN

Lol

OUTPUT SCREEN L ¥ | &« OUTPUT SCREEN

N S A

ENDING SCREEN
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| MAIN MENU
FLEXIBLE HIGHWAY

E Thickness Determination For InitH Pavement ‘
i PAVEMENT DESIGN
E Changing Data And Thickness ReDelermination
' PROGRAM
Thickness Determination For Overlay ) ; :
by

E AASHTO Method

= T

: N— Meonday
Printing Last Results From Printer And To File ]

<10:13:35>

Preparing Roadbed Soil Resilient Modulus Data i
Preparing Swelling And Frost Heave Data ‘

Release 1.0

H to help

Screen F-2 Main Menu screen.




File To Be Opened
[Reliability Factor ] ]

fAnalvsis_Period _ _ :
Maximum Performance Period ;
Hinitial Serviceability A :

Terminal Serviceability
Stage Strategy Number . ‘
ROvern]l Standard Deviation

INITIAL
PAVEMENT
STRUCTURE

DESIGN

GENERAL DATA

INPUT PHASE

H to HELP

OO

Screen F-3 Imitial pavement design, general data input screen.
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| _ Errr— w— R
“ , E:j | STRUCTURE

= w::] | SWELLING And
[ —— e

PHASE

8Depth Of Frost Penctration :

MAX.
SERVICE. # | :
LOSS g Drainage Quality :
VE Frost Heave Probability :

QZ™r~ts 2w

E"leN'ﬁ

Screen F-4 Swelling and Frost heave data input screen
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INITIAL

LAYERNAME [ | STRENGTH PARAMETER | fPARAMETER
: 1 §  VALUE h
PAVEMENT

| CR B DESIGN
m—— ,

e —— R
o | — — | R
. , PHASE
— | — —

| l:.'.'_:l
| DRAINAGE |

) mdcr C. Dmmnge C‘ocfﬁclent :

Screen F-5 Material characteristics data input screen
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d fconverr |
] vare |

—
LAYER NAME JENUMBER BB TI[ICK.

| (inches) 8 yNITIAL
VEMENT
. o
s T etz R
| s
rm———— — T

A New Overlay Necessery For _ _ : ‘v

Screen F-6 Initial pavement design, output screen.




! LAYER

| TIICK. 3§ SECOND STAGE
L inches) £ § cONSTRUCTION | |

§ LAYER NAME

OVERLAY

OUTPUT

| e | o | — | o—— R
| oo | —| —| — | —
v | —| — | — | —
o | oo | s [y | S | o |
| o | o { s | o | _
v | I | o e kesutrs
| e | — | — | — | —

ESC to MAIN MENU
SPACE BAR to QUIT

Screen F-7 Overlay design. data input and output screen.
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APPENDIX G

UNITS AND VARIABLES USED IN THE STUDY

@ : Structtral Coefficient
‘Cx  :Pavement Condition Factor

D : Layer Thickness (inches)
D, :Directional Distribution Factor (%)
D,  :Lane Distribution Factor (%)

Fr  :Rehability Factor

Fr  :Remaining Life Factor

g : Growth Rate (%)

m; :Layer Drainage Coefficient

My  :Roadbed Resilient Modulus (pst)

Py  :Imtial Service

PSI  : Present Serviceability Index

Py :Ternunal Serviceability Index

Py;  : Serviceability At Time Of Overlay

R : Relability

RL, :Remaining Life Of Existing Pavement (%)
RLy :Remaining Life Of Overlaid Pavement (%)
SN : Structural Number

So  : Overall Standard Deviation (%)

W, :Taffic

wie  : The Cumulative Two-directional |8-kip ESAL
4  :Standard Normal Deviate

A PSI : Design Serviceability Loss

APS]sw fh: Serviceability Loss Due To Swelling and Frost Heave
APSI1g: Serviceability Loss Due To Trathic

NOTE : 1 feer = |2 inches = 30.48 cm
Linches = 2.54cm
1 psi = (.070307 kg/em?

| b(pound) = 0.454 kg?
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. APPENDIX H
t

QQHIEEIQEIHEEBQQBAMEM

. In this appendix, content of all files is listed.

[CY AU O () COE ) (L RN T 0 )
[+ A4 Th FROGEAN CREADIZING ALL LIT PRGGRRKS 9]

{(t)(t)(t}(*)<i>(k>‘t {t‘/t (hy TERTERY k)(k /t

GRR(RYOE T .'.'r’.’t‘/(\t>]

{§At,B- D+ Gt It L+, 8- 64, V4, X }{SH 16384,0 655360]{$C+ Ft,Et, it}

PROGRAM MAINPROGRAH

USES OVERLAY,DOS,GRAPH,CRT,SCREENS,HELPS,WARHINGS,IHPUTS,DATASTGR,

OUTPUTS, COMPUTE,

[0 SCREENS} {0 HELPS}{0 WARNINGS}{O INPUTS}{G DATASTOR| [0 QUTBUTS!{C COMPUIE}

LAﬁEL SO, NEWFILE,PRINTSCREEN,PRINTPRINTER,GIVEUP,SWELLFROST MATERIALCEAR,
MATERIALCEARL,STARTNEW, OVERLAYDESIGN,TEE,TERL,TEKI,TEXS,TER,TEES,
TEK6,TEK7, TERS, TER9,TER10,TEEL1L, TEE1Z, TERL3,TERL4, TELL5 TELLS TEEL?,

TEK18,TEKLY, TEK20, TER2L;

VAR DEVAM : CEAR;
DEVANL .BOOLEAN;
DEVAMZ, YESHO! :CHAR;
VIEWBORT VIEWPCRTTYRE;
4AA,BBB,CCC,ESALTime,Timerel :REAL;
TII,JI7 KKK, PILELENGTH . INTEGER;
PRFILE STRING;

CONST Triangle : array[l..10] of PointType =

{{x: 160, y: 414), (x: 180, y: 412), (x: 187, y: 3998),(xr 160 y: 410),

(x: 215; y: 397),(x: 197; y: 422),(x: 203; g: &45),1x: 13%; 7 439),
{z: 158; y: 455),(x: 169; y: 4301);

FUNCTION IatToStrReal({i: REAL): string;VAR a: string{5l;
BEGIN Str{i, s);IntDoStrReal:= s; END,

PUNCTION IntToStr{i: longINT): strinqg;VAR s: atrisg{7];
BEGIN Str(i, s);IntToStr:= s; ERD;

BEGIN  OVRINIT('AASHTO.PAS'),

BFNEW:=0.0;

GRC; TITLEL, NEW(DEVAM);, DEVAM :=Readkey;
[:2467;7:2420;K:=164;L:=50;0FF ;delay(500};
IF DEVAM =CHR(27) THEY BEGIY CLOSEGRAPHEXIT:EAD:
DISPOSE(DEVAM);

TEE:
STARTHEW:

3 H1




I¥ DEVAHZ=CHR(2?) THEN begin I:2469;7:=420;8:=160;L:=5G,0FF;delayi300),G0T0 SON; ead;

IF DEVAM2=CHR(72) TEEN BEGIN 1I:= 489;J:=360;K:=160;L:250;0FF;delay (5007,
SESVER2:EELPMATNMENU, GOTQ STARTNEW, ERD,

Wer; SETFILLSTYLE(L, 3},

FillPoly{SizeOf(Triangle) div SizeOf({PointType), Triangle};
Settextstyle(0 Horizdir,1);

SETCOLOR(S): OuctextXY(187,430,DEVANZ),;

Tik; QuttextXY(183,427,DEVANZ),

CASE DEVAMZ OF

fﬂl(49): begin I:= 30;J:=150,8:=30,L:=20,0FF  DELAY(250);
GOTO NEWFILE,end,

CRR{50): BEGIN I:= 30,J:=180;K:=30;L:=20,0FF DELAY(250];

CONSFH: =#78,; CHANGEEXISTINGINPUTS ; COMPUTED, SCREEN4,;60TC PRINTSCREEN,ERD,

CHR(51): BEGIN I:= 30;3:=210;K:=30,L:=20,0FF;DELAT{250),;
IF BFNEW=0 THEN BEGIK IKAZ8:GOTO STARTNEY,ERD
BLSE BEGIN
IF SSHEW=1 THEN BEGIN IKAZL12;GOTO STARTNEWEND
ELSE GOTO OVERLAYDESIGN;END;END,

CER{52): BEGIN I:= 30;J:=250;K:=30;L:=20;0FF DELAY{250};
PREPARESFEDATA  MAIHMERU,GOTO STARTHEWEND;

CER(53): BEGIN I:= 30:7:=280;K:=30;L:=10;0FFDELAT(250);
PREPARERRMDATA  MATHMENU,GOTG STARTNEW,ENL,

CBR(54): BEGIN I:= 30,J:=320;K:=30,L:=20,0FF,DELAY{250},
IF RFNEW=0 THEN BEGIN IKAZ8,GCTO STARTHEW,END
ELSE BEGIN SCREEH4,GQTO PRINTSCREEN,
EHD;END;

CHR(55): BEGIN I:= 30;J:=2350,K:=30;L:=20;0FF,DELAYL2S0);
IF BFHEW=0 TEEN BEGIN IKAZB;G0T0 STARTHEW;END
ELSE BEGIN
TEX2: [SI-} FILEQUTRUT(PRFILE);IZAIG;PROUTPUT;
{$I+} IF IORESULT<:( THER
BEGIN ITEAZLY;END,
GOTO STARTHEW;
ERDEBD;
’ END; { of case |

BEWFILE: [*----=-ov--- BLOCK OPEN NEW FILE --=---v----nmnnn ».,

SCREEML;

ﬁSEEW:=0; RSFNEW:=0; PINEW:=0; MCHEW:=' ', LTHEW:=0; SPNEW.=(;
FERMEW:=0.0, DFPHEW:=0.0; DONEW:=" ',  FHPMEW:=(;

Settextstyle(0,HORIZDIR,L);
Settextjustify(LEFTTEXT, CENTERTEXT);

RWR; QuttextdY(20,40, Aoy Key to Coatinue,'};



SESVERZ, HELPNEWFILE,END,

SCREENL;T:=46%;7:=420,K:=160;L:=50,0FF;delay(500),;
Setviewport(0,0,639 118 CLIPON),

GENERALINPUTS,

SESVER2;

YuR;Clearviewport; . .
Setviewport(470,422,628,488,CLIDON) Clearviswpert;
Setviewport{0,0,839,479,CLIPOR};
1:2469,7:=420:8:=160;L:=50,00;

: Settextjustify(CENTERTEXT, CENTERTEXT)

TuR; Quttext{T{545,436, ‘Press’);

Quttext¥V{545,452, ESC to Re-Imput’);

Setviewport(0,0,63%,118,CLIP0N) ;Clearviewport;
Settextjustify(LEFTTEXT, CENTERTEXT),
REPEAT YWR: Outtext¥(20,40, Consider Swelling and/or Frost Heave {Tes/Ho) Yes)');

CONSFE: =Readkey, CONSFH: =UPCASE(CONSFH),
IF CONSFE IN [CHR(13),CER(89),CHR{78),CRR{17)] THEN CONSFH:=CONSFH
ELSE IKAZL,
IF COBSFA=CER(13) THEN CONSFH.=CHR(8Y);
UNTIL COMSFE TN (CHR{13),CHR(89),CHR(78},CHR(27}];
Setviewport(0,0,639,479,CLIPON};
IF COBSFH=CER(27) THEN BEGIN I.=489;J:=420;K:=160;L:=50;0FF;delay!500y;
SEGVERZ,G0TC NEWFILE,END,
IF COBSFH=CHR(78) THEN BEGIN IF APNEW-MPPNEW THEN BEGIN
IF SSHEW)L THEN BEGIN IRAZ1SSSNEW.=1;END;ERE;
GOTO MATERIALCHAR,END;

{
SCREENZ;
RER, Quttext¥¥(20,40, (Any Key to Continue;’);

DEVAM2:=Readkey; DEVAN2: =UPCASE (DEVAN?) ;
IF DEVAM2=#72 THEN BEGIN I:=469,7:=420,K:=160;L:=50;0FF ;delayi500;;
SESVERZ; HELPSYELLPROST END;

MATERIALCHARL:  SCREER3; .
[02469; 2420, 8:=160,L:=500FF, delay (500}
Setviewport(0,0,639,118,CLIPON);
MATERIALCHARINPUTS ; SESVER?;

TUR; Setviewport(470,422,628,468,CLIPOR); Clearviewport;
Setviewportid,0,83%,479,CLIBCH);
Settextjustify{CENTERTEXT, CENTERTEXT);
[:2469;7:2420,8:2160;L:=50;08;

T4R; e QuttextXY (545,436, ‘Press’);

Qurtexti¥(545,452, 'ESC to Re-Input’);

Setviewport(0,0,639,118,CLIPON];Clearviewpor®;
Settextjustify(LEFTTELT, CENTERTEXT);
RWE; QuttextX¥(20,40, ' (Any Eey to Start Compiting.’!:

- TESBOL:=Readkey, YESHOL: =URCASE(YESHOL);
§etviequr;(0.0{539,429,CLIPOH);



{--=mevo-oce--- BRASE COMPUTING & WRITING RESULTS OB SCREEL --------e------e- i
IKAZ16; CONPUTED,SCREEM{,

BRIBTSCREEN: SESVERZ;.
SETVIEWPORT(0,0,639,118, CLIPON) ; CLEARVIEWPORT,
SETVIEWPORT(0,0,539,479,CLIBON);

OVERLAYDESIGH: [#-=--<-===-=-~ BLOCE OVEBLAY DESIGN  ----nee-rsomesoecena ')

[P SSNEW=3 THEY BEGIN OVERLAYSCREEN; COMPUTEOVERLAYTHZ,CVERLATSCREEY, EiD
ELSE BEGLN OVERLAYSCREEN, COMPUTEQVERLAYTHL,OVEELAYSCREEN, END;

TEK2L: Settextatyle(0,BORIZDIR,L);SESVER?,

JJJ:=310,WuR, SETTEXTIUSTIFY(0,1);
FOR III:=1 TO LEUM:3 DO BEGIN
OuttextXY(45,JJJ, LAYERBANE[IIL]),
L8C(J23,25), - BAD;

JJJ:=310, SETTEXTJUSTIFY(L,1);
FOR IIT:=1 TO LEUM+3 DO BEGIN
OuttestXY(162,J37, IntT0Str (¥R[III]});

IF A[III]<0.01 THEN BEGIN IF A{III[=0.0 THEN BEGIN
Outtext¥Y{237,J37, IntTOStrREAL (A[IIT])¢" E+00");6070 TEELC,ERD
ELSE BEGIH
OuttextX¥(237,JJ7, IntTOStrREAL(A[III] )+ E-03');50T0 TER1G;ERD;ENL;
IF A[ITL[CO.1 THEN  QutrextXY(237,JJ7,IotTOStrREAL{A{IIL} " E-ul':
ELSE OuttextX¥(237,JJJ, IutTOSCrREAL(A[II])+" E-0l7y;

TERL0:
IF SH[III[C0.1 THEN BEGIN
Quetestd¥{325,J77, IatT08trReal [SH{IIL 3¢ E-327
GOTO TEFSEND,
IF SH{ITI]<L.0 THEN BEGIN
QuttextXY(325,717, LatT0ScrReal{SHITII )+ B-31"y;
: GOTC TEES;END; .
IF SH{IITIC10.0 THEN Outtexri¥(325,177,Iat205trReal (SH{IIT]i¢" B+09
ELSE OuttextXY(325,377,IntT0StrReal (SHIIII] v+’ E<00' s
TEES:
IF D[IIT]=0.0 THEN BEGIN
QurtextX¥({415,577, IntT0StrReal [D{ITT] )¢ Bri0'y;
GOTO TEKS;END;
IF DIIIJC0.1 THEN BEGIA
' Quttext¥¥(415,707, IntT0ScrReal iD{III ] +" 2-42"
GOTO TEKS;ERD,
IF D{IILICL.0 THEN BEGIN
Quttest{7{415,J17,IatT0StrReal (D111} B-01" 7,
~ GOTO TER9;END;
IF D{IIT]{10.0 THEN QuttextXY(415,JI7,IntT05trReal{DIIII] + £+00")
ELSE QurrextXY(415,777,IntT0StrReal (DIILI})+" E+0L'y;

*

TEES:
INC{JIT,25); END; [of FORJ
IF AOverlayl<0.01 THEN BEGIN IF AOverlayl=(.( THEH BEGIN

QuttextX¥(237,285, [notTOStrREAL (Adverlayl)+ E+0071; 307G TETLI;ZMD
ELSE BEGIN



IF AOverlayl<0.l THEN Outtext¥Y(237,28%, IntTOStrREAL{AOveriayli+' E-{
ELSE OuttextXV{237,285, IntTOStrREAL[ Averlay 1i+ E- UL R

TEK12:
IF AOverlay2¢0.0) THEN BEGIR IF AOverlay2=(.0 THEN BEGIN
QuttextX¥(237,260,IatT0StrREAL(AOverlay2)+’ E+00);GAT0 TERLYEND
ELSE BEGIN
Quttext¥¥{237,260,IatT0StrREAL (AQverlayl ¢’ E-617),G0T0 TERLT,END,E4D,

IF AOverlay20.l1 THEE OurtextXY(237,260,IotTOStrREAL(AOverlayli+’ E-027)
. ELSE OuttextX?(237,260,latTOScrREAL{AGvertaylie” E~0L°y;

TEKL7: -

I SHOverlayl=0.0 TEEY BEGIH .
QuttextX¥(325,289, [ntTOStrReal (SHOVerlayl)s" Erdi'y;
6070 TERL3;END,

IP SHOverlayl<0.l THEM BEGIN
Qurtext{¥{325,285,IatT05¢ rReal {S80verlaylit’ E-90")
GOTG TEKL3END;

IF SHQverlayl<l.0 THEH BEGIN
QurtextiY (325,285, IntT0StrReal (SHOverlayl)’ E-0L' ¢,
GOTG TERL3;END;
IF SHOverlayl(l0.0 THEY OurtextX7{325,28%,IntT08trReal{SHCverlayl)t’ Etol":
ELSE QuttextX¥(325,28%,IntT0Strkeal (SHOveriayl)+® E+0i'y,
TERL3:
IF SHOverlay2=0.0 THEY BEGIN
QutcestdT{329,260,IneT0StrReal (SHOverlaydit” E4li),
GOTO TERLS;EHD;
IF SHOverlay2<0.l THEN BEGIN
Ourtext{¥(325,260,IotT0StrReal {SHOverlay2)t’ £-02° ),
GOTC TERLSERD; ‘
IF SNOverlay2(l.0 THEX BEGINM
Quttext¥Y(325,260,IntT0ScrReal {SHOveriaydis” E-4L74,
GOTO TEK18;END; c
IF SHOverlay2(10.0 THEN OutrextX¥(325,260,IatT05trReal (SHOverlaylye® E+li":
ELSE OQuttextX¥{325,260, IntTOStrRea;!SNOverla"" E?Oi',;
TEKLS:
IF DOverlayl=0.0 THER BEGIN
QuttextX¥ (415,285, IatT0ScrReal {DOverlayl)+’ E400');
(0T TEEL4;END;
IF DOverlayl<0.l THEN BEGIN
QuttextdT (415,285, [atTOStrReal {D0verlaylit” E-02'1;
GOTO TER14,END;
IF DOverlayl<l.0 THEN BEGIN ,
OurteztXY(419,285, IntT0ScrReal {DOverlaylye” E-0171;
GOTC TEFL4END,
IF DOverlayi<10.0 THEY Cuttexti7{415,285, [atT0ScrReal(D0verliaglit’ Se90":
ELSE GurtextXY(415,285, IntT0StrEeal (DOverlayli+’ E491 ),
TEEL4: :
[F DOverlay2=0.0 THEN BEGIN
Quttextd¥(415,260, IatT0StrReal {D0verlaylj«’ £+317¢;
GOTO TEEL9;END;
IF DOverlay2{0.l THEN BEGIN v
QuetextXV{415,260,[atT0StrReal  Ddveriaylie’ E-32"5;
GOTO TELL9,EHD;
IF DOverlay2<l.0 THEN BEGIN
QurtextdY (415,260, TatT0StrReal (D0veriayl)s’ €-91"1;
GOTO TEEL9;END;
IF DOverlay2<10.0 THEY QuttextXY(415,260,IntT0StrReali0verlayly+’ Eedd’)
ELSE OuttexcXY(415,260,IutT0StrReal (DOveriaylir" E+il'y;



OuttextXY(lﬁa,gﬁo IntT0Str(KROverlaydii;

CROSSSECTIONOVERLAY;

CASE BASETYPE OF #66: BEGIN OurtextXY(115,113, 'Bituntnous’ } EBL;
$67; BEGIN Ourtext¥¥(115,113, 'Cement Treated') EHI;
$71: BEGIN OuttextXY(115,113, Grapular’) END;END,

OuttextXV(115,123, 'Base Courze’);
IF SSHEW=2 THEN BEGIN
Setfillatyle(9,15);BAR(80,70,340,80);
WiR; RECTANGLE(60,70,340,80);
LINE(L100,87,140,687); LINE{L100,87,108,84)
LINE(260,67,300,67); LINE{300,87,295,65);
LINE(345,75,380,75); LINE(345,75,339,73),
LINE{345,75,350,77);
SETLINESTYLE(3,0,3); LINE(200,20,200,205),
SETLINESTYLE(0,0,1);
Setfillaryle(l,6);
YUR TIMEREL: =ABNEW-TIME;
IF TIMEREL) 10 THEN
OUTTEXTRY (505,75, OVERLAY for ’"+INTTOSTRREAL(TIMEREL)+' E+0l Years’
ELSE
OUTTEXTXT (505,75, OVERLAY for '+INTTOSTRREAL(TIMEREL)+" E+00 Tears'),
GOTO TEK4;END;

IF SSHEW=3 THEN BEGIN o
- .Setfillstyle(9,15);BAR(60,70,340,80);Setfillstyle(1l, 15} BAR(SD,55,340, 85},
vee, RECTANGLE(60,70,340,80);RECTANGLE 60,55, 340,651,
LINE(100,52,140,52) LINE(100,52,105,49) , LINE(260,52,300,52),
LINE(300, 5.,.95 50),LINE(345,75,380,75) LINE(345,75, 350,73y,
LINE(345,75,350,77),LINE{345,60,390,60) LINE(345,00,350,53);
LIBE(345,60,350,62),
SETLINESTYLE(3,0,3),  LINE(200,20,200,205);
SETLINESTYLE(9,0,1);Setfillatyle(l, 6},
1R,
IF FOLT1)=10 THEN
QUTTEXTXY(505,79," OVERLAY for '+INTTQSTRREAL(FOLTL)+" E+01 Years'|
ELSE
QUTTEXTXY(505,75," OVERLAY for ’+INTTOSTRREAL(FOLTLj+" E+dl Tears'y,
¥R, TIMEREL:-APNEW-(TIME+FOLTL),
IF TIMEREL)=10 THEN
QUITEXTXY(505,60, OVERLAY for '+INTTOSTRREAL(TIMEZELi+" E-0l Years’
ELSE
QUTTEXTXY(505,60," OVERLAY for '+INTTOSTRREAL(TIMEREL)+" E+Gl Tears'i,

E8D;

TEE4: YESHQL:=READKEY,YESHOL:=UPCASE(7ESHCL);
IF YESHOL=#27 THEH begin I:=469;J:=360;K:=160;L:=50;0FF;celayi%001,; 6270 STARTHEY, ead;
IF YESHOL=#80 THEN BEGIN SETVIEWPORT(468,413,632,472,CLIPON};CLE&R‘LEWrGRz,
SETVIEWBORT(0,0,639,479,CLIDCH),
I:=469;J:=430;K:=160;L::SG;ON;
WWR; OQuttextiV(549,436, Press Aoy Fey')
Outtext{¥(549,452,'If Priater Ready I, 12469002420, 8, -;30,, 255, 0F7 delay (900,
devamd: =readkey; '
SETVIEWPORT468,418,632,472,CLIPON) ; CLEARVIEWR(RT;
SETVIEWPORT(@,O,&EG,é??,CLIPGN};
I:=469, 0242082160, L:=50;0k;
WWR; OQuttextXY({549,43c, Please Wait,'};
OuttextXV{549,452, Printing ... };
[§T-11:=469;7:=360;E:=160;0 =50, CFF;
PROUTPUT;



SETVIEWPORT(0,0,639,479,CLIRON),
[:=469;7:2420;E:=100;L:=50,08;1: =489, =360, E: z186,L:=50;08;
TWR; OuttextXY(549,436,'To Print Results’),
QuttextXV(549,452, 'PRINTER/FILE <R/F)'),
QuttegtXV(545,376, ESC to MAIN MENU'),
QuttextXY(545,392, 'SPACE BAR to quit'),

GOTC TER4,END,;

IF YESHOL=#70 THES BEGIN I:=469;7:2420;K:=160;L:=50;0FF;delay(500);
FILEQUTPUT{PRPILE};I:=469;7:=420;F :=160;L . =5¢, 0,
YUR; QuttextXV(549,436,'To Priar Resulta’};
QuttextX¥(549,452, 'PRINTER/FILE B:F7)
: GOTC TER4:END
ELSE begin I:=469;J:=360;E:=160;L:=50;0FF,delay(500),60T0 SOK;exd,;

SO: ENDINGSCREEN; CLOSEGRAPH; EXIT, END.

BHD. [{O) (R (I () () (it i e e )
{(¢ UNIT PROGRAM COHSISTING HELP SCREENS '
[T (s o s (v
[§04,F+} USIT BELDS; INTERFACE USES GRAFH, CRT SCE“ELS
VAR QRUL:CHAR;
PROCEDURE HELPMAINMENU,
PROCEDURE HELPNEWFILE,
PROCEDURE BELPSWELLFROST;
PROCEDURE EELPMATERIALCHAR;
PROCEDURE HELPOVERLAY; [HPLEMEHTATION
PROCEDURE HELPMAINMENU;BEGIN [=-==mvmsrmmmmm o mm e ;
Clearviewport;Settextjustify(l,l);Setfillsatyle(10,15); Bariil, 11,458,491,
[:210:7:=60;K:=449;L:=409,CER;
1:2469;3:=419;K:=160,L:=50;0HBAR
[:210;7:210;K:=449;L:=40,CER;
setcolor{l4);  OuttextXY(549,444,7ESC to Quit');
QuttextfT({230,30, 'About MAIN MENU [TEMS'),;

Settextatyle(0,Borizdir,l);Sectextjustify(0,1};

setcolor(l4); OuttextXY(20,90, 'L:'); QurtextX¥(20,125," 21,
Outtext¥¥(20,180,'3:'); QuettextXY(20,235,'4:");
QuttextX¥(20,270,5:7); Quetext¥?{20,305,'8:°);
Quttextd¥(20,340,'7:); QuttextxY (20,385, Hote:'};

setcolor(15);

QuttextXY(45,90, ‘Select this item 1f you want to compute & nex’);



OuttestX¥{45,100,
QuttextXV{45,125,
OuttextX¥{45,135,
QuttextXT (45,145,

OuttextXy(45,155,
futtext¥¥(45,180,
Qottext¥y (45,190,
QuttextX¥(45,200,
Outtext¥¥(45,238,
Outtext¥ (45,245,

OQuttext¥¥(45,270,
Outtext¥(45,280,
QuctextX¥ (45,305,
OuttextiT(45,315,

'project, putting mew data 1n.');

*Select this item if you computed any pavemeat’
'project before and want to change & few loput{s)’
‘of this project mow. MNote that it is possible tc')
*change all data of this project.’);

*Salect this item if you computed a projsct hefore’
last'};

'and want to compute overlay thickpess to
‘Analysis DPeriod’),

‘Select this item for preparing swelling and frost’;
‘heave data to use for & nev project computatiod.
*Select this item for preparing Roadbed Kesilient’
‘Nodulus data to use for a new project compuration.’
‘Select ‘this item 1f you want to see agaln

‘the project which you computed just before.’

‘e
i
it

l

AI
)I
?,
¥

e
¥

QuctextXT(45,340,
QuctextX¥ (45,350,
QuttextX¥ (45,360,
QuctextX¥(65, 385,

*Select this item if you want to print resu;ts of',
"the project which you computed just before. This'i,
'iten printa results to both a file and printer.'!;
'To function items 3,6 and 7, L muat be rum flrst.’;

REPEAT ORUL:=READEEY; UNTIL ORUL IN [CRR(27}];
[:=469;7:2419;K:=160;L:=50,0FF ;delay(500);
Settextjustify(l,1),END;

PROCEDURE HELPHEWFILE; [---=--=-m=-memmmmemmmmoeccm o e !
LABEL SOBL,SAYFAL,SAYFAL, SATFA3; BEGIN
Setviewport(0,0,639,479,CLIPON];
SATFAL: Clearviewport;Settextjustify(l,1);Setfillstyle(l0,15);
Bar(il,11,458,49);
1:210:7:=60;K:=449:L:=409,CER; [:=469,;J:=419;K:=180;L:=50,CHBAR;
T:=489;7:=349:E:=160;L: =50, 0NBAR; T:=10;J:=210,K; =443, L =4, CEE,
setcolor{l4); OuttextXY(549,444, ESC to Quit’); Oucrexc{7(549,371, Page J0WH"),
OuttextXV(230,30, About IBITIAL PAVEMENT GENERAL DATA IEBUTS '),

Settextstyle(O,Horizdir.l);Settextjuatifylﬂ.l);

OuttextXY (45,80, 'NOTE:');

QuttextX¥(20,108, "L’}

OQuttextX¥(20,370,'3:.");
setcolor(l5);
QuttextXY (90,80, ‘Program will warn you promptiag alides.’s;
OuttextXY(45,105, 'Enter file name is which file input and cutput'y;
OurtextX¥{45,120, data will be saved, properly 8 letters or less.’i;
OuttextXV(45,135,'If it is left blank program appoints name a3 firat':;
Quttext{¥(45,150, ¢ letters "aashto’, last two randomized.’)
OuttextXY{45,175,'This is controlled through the use of reliabiliry’!,
Outtext¥¥(45,190, "factor (Fr) that i3 multiplied times the desiga’:,
QuttextX¥{45,205, 'period traffic prediction (Wid). Comsider table');

Quttext V(20,175,721
QuttextXV(20,425,"4:"};

QuttextX¥(45,220, "below to decide.’]

OuttextX7(45,240,' Functional  Recommended Level of Reliability "7
QuttextX¥(45,255," Classification Urbas Rural’,
QuttextX¥{45,270," Ioterstate &'}); .
OuttextXY(45,285,' Qther freeways 85-99.9 89-99.9"};
OuttextX¥|45,300," Principal’);

Quttextd¥(45,315," Arterials 80-99 "5-95",
OuttextXV145,330," Collectors §0-65 TE-g5"
QuttextXY(45,345," Lacal 59-30 5:-307;

setcolor(14); LINE(45,230,445,230); LINE(445,230,445,35¢); LINE(445,350,45,350);
LINE(45,350,45,230); LINE(49,263,445,263); LINE(175,230,175,350;
LIBE(300,250,300,350);

setcolor{1s);

QuttextX7{45,370, This refers to the period of rime for
QuttextXY(45,385, 'analysis is to be conducted. Consider
QuttextXV(45,400, next page when ( ~°° .');

which the’
takie ¢n'i,



Quttexti¥(45,425,'This is the shortest amount of time a given stage’];

Quttext¥T (45,440,
QuttextiY (45,455,

REPEAT ORU1:=READEEY; UNTIL ORUL IN [CER(27),CER{*3)],

IF OKUL=CHR(73) then begin I:=469;J:=349;K:=160;L:=50;0FF delay(3il:,3

SON1: I:=469;J:=419;K:=180;L:=50;0FF,delay{500],ENL;

PROCEDURE BELPSWELLFROST;

LABEL SONZ,SATFAI,SATFAY;  BEGIN

Setviewport(0 0,639,479, CLIPON);

SAYFAY: Clearviewport;Settextjustify(l,l);Setfillstyle(l0,15);
" Bar{ll,11,458,49);

[:210;7:=60,K:=449;L: =409, CER;

124897

'should last. It must be integer and lower value't;
“than Analysis Period.’},

G

[:2469;7:=419, K =160, L =99 CHBAR;

=349, 0:=160,L:=50,;00BAR; I:=lu;J:=10, 5 =449, L0 =40, kR,

SATPA2; end;

geteolor(l4)s OQuttextXY(549,444, ESC to Quit’); 0utcetiY(549,37{,’Page Doud ),
QuttextX7{230,30, About SHWELLING & FROST HEAVE DATA IKPVTS',
Settextjustify(0,1); .
QuttextXY(20,90, '1:7); QutrextXY(20,175,' 2"y,

QuttextX¥{20,230,'3:7)

QuetextiY(20,285,74:7);

QuttegtX¥(20,430,5:7);

getcolor(ls);
Outtext{¥(45,90,
OuttextXy (45,108,

Quttextd¥(45,120,’
QuttextXV(45,135,’

Outtext¥Y (45,150,
OuttextXy(45,175,
QuttextX¥{45,190,

QuttextX¥(45,208,
QutrextX¥(45,230,
QuttextXY(45,245,’
Quttexti¥ {45,285,

"Thig factor depends on raiafall and draimage’i
‘quality. It is expressed as percent. Low moisture’;

‘percent of moiature supply, predicting.’);

'This is based on soil fabric. Enter percest ¢
‘Boadbed Soil Fabric. 1004 means fracrured, 0 medn
‘tight fabric.’]

[
L
5

*This 15 plasticity index of Eoadbed scil at 3"

supply means low raicfall, goed dralnage, hl;h"
moisture means high rainfall,poor dralnage. Enter’;

’
ot
¢+
[
+
7

’

particular locatiocn. It wvarles from 10 o 817,

‘This 18 a subjective decision based on ao estimate’.,

h

OuttextXY(45,300,'0f how close the soll moisture conditions during’ .,
QuttextXY(45,315, 'construction are tc the lo 3itu moiature’
Quttext¥(45,330, conditions of later date.');

QuttextiY (45,345, Minimun Hatural Dry conditions meaa ao molsture’);

QuttextXY(45,360,'

contrel, Average Conditions mean normal field,’)

it

OuttexcXY{45,375, ‘control field and density, Optimum Conditions mean’i;
OuttextX¥{45,390, ‘closely controlled moisture and dessity throughout';;

Outtext¥(45,409, life of facility.’);

OuttextX7(45,430, Enter overall thickness of layer in feet,
QuttextX¥{45,445,'5,10,15,20,25,530). & bigher valua than 37 wii

OuttextXY(45,460, put in as 36.°)

REPEAT OKUL:=READKEY; UNTIL CRUL I§ [CHR(27),CHR(7311;

IF ORUL=CER(73) THER begin I:=489;J:2349;F:2160;L:=50;0FF delay Gul

SON2: I:=489;J:=419,E:=160,L:=50,0FF,delay(500);E4D,;

PROCEDURE HELPHATERIALCHAR; {=-nnrr--=mmmmmmmmmmmmommmmmmmmmmcommommcmocaaas

LABEL SON2,SATFA3,SAYFA4; BEGIH

Setviewport{0,0,639,479,CLIEOK);

SAYPAY: Clearviewport;Settextjustify(l,l);Setfillatylelld, 15},
Bar{11,11,438,49);
[:=010;0:=60K:=449;L:=409;CER; I.=489;]:=419;K: =100 ;L =50, 00848,
1:=469;7:2349;E:=160,;L: =50 ONBAR; I.210:7:=10;0:=449; L =40, 0F8;

getcolor{l4); OuttextX¥{549,444, ESC to Quit'); OQurrexcd?'949,174,"
QuttextX¥(230,30, 'About MATERIAL CHARACTERISTICS DATA INPUTS':,

among {2,

Gome
LA

!
J

SRTFAY;end;

Page DOWN),



Settextjustify(0,l});
setcolor(15);
OuttextXY(45,90, 'You must here foliow prompts.’};

OuttextX¥ (45,115, ‘Firstly, you must decide bow many layers you will'.
OuttextX¥(45,130, 'build over Base Course [up to 4 laverss, giviag':,
" QuttegtXT(45,145, ‘response to proapt hegicning 'Humder of Layars . ™
OuttextyY (45,160, 'After entering number, you mugt give uames these’ |
Outtext¥¥(45,175, ' layers. Note that if (firat two namea over dase'!:
QuttextX¥(45,190, 'course are left blank, program appoints cames'!,
Outtext¥¥(45,205, 'Binder Course’ for Eirat one and "Surface Course 1)
Quttext¥¥ (45,220, for second one promting a warning but others are':,

OuttextfY(45,235, 'asked you to give their cases if nedessary.’’;
QuttextX¥{45,260, Second, You must enter letvers ic quotes symbilize’
QuttextX7(45,275, 'strengt parameters you decided to use, suca &3 (3%,
QuttextX(45,290, R or Elasticity of Modulus. In this stage, follow’y,
QuttextXY(45,305, ‘promts carefully. After emteriag these paramersrs,’
Outtext¥9(45,320, you must enter their magnitude, such as &6 for CBR,'
OuttextX¥(45,335,°12 for R, 70000 for Elasticity of Heduluz.'y;
Quttext¥Y(45,360, And then you will have prompt asking draisage’;
QuttextXY¥(45,375, coefficients of aubbase course, baze course azd’:;
OuttextXV(45,390, ‘one more layer. Program assumes draicage ccef. of'f;
QuttextX(45,405, ‘other layers as 1.0 except for first 3 layers.’;
OuttextXY(45,420, You can use the table on pext page fcr need.’i;

REPEAT ORUL:=READREY: UNTIL OXUL If [CHR(27),CHR{8L)],
IF OEUL=CHR(27) THEN begin I:=469;J:=419;K:=1e0,L:=50;CFF delay (566,507 SCh2; end,
D:=469:7:5349;%:2160,L:=50;0FF , delay(500); end;

PROCEDURE BELPOVERLAT; [--------====mr==ssrrresmmmmmnoososinsmoaees j
LABEL SOM2,SAYFA3,SAYFAL; BEGLH

Setviewport(0,0,639,479,CLIPGH);

SATFAY: Clearviewport Settextjustify(l, 1y Setfilistylelld 15);

Bar{1l,1L,458,49);

L:=10:0:=280; 82449 L:=409; B8, Lo =10, 0210, Ko =dad, Lo =4 LR,

Li=469;7:2419;F =160, L: =50 ONBAR ; 1:=469;):2349  FozLb0, L. =54, CREAL,;
getcolor(l4};

QuttextXY(549,444, ESC to Quit’); QurtextXY{549,374, Page ICWN'
QuttextX¥(230,30, “Aboutr OVERLAY DESIGH DATA INRUTS');
Settextjustify(0,l};
setcolor(15);
OuttextX¥{45,120, © At this stage, you will have promprs asdiag'',
QuttextXY(45,135, ‘overlay materia. elasticity modulus ang lifetime’,;
OuttextX7(45,150, "of this cverlay.’);
QuttextXY(45,170, *  There are two situations, ome 15 if caly oze'l,
QuttextX¥(45,185, ‘overlay 1is comstructed depeadicy upos 37age’:,
OuttextX¥(45,200, ‘strategy cumber, that iz this situzticn caly cre’,
Quctexti¥({45,2(5, 'question prompt appears asking elasticity modulus’ |
OuttextX¥(49,230, ‘of this overlay, aad two is two cverieys are’ |
QuttextX¥(45,245, ‘conatructed over initral layers aelecting avige
QuttextXY(45,260, 'strategy a3 3, that 1in this sitvation & prompis’ .,
QuttextXY{45,275, 'appear asking both elasticity modulus af .overlays”:,
OuttextX¥(45,290, 'and lifetime of first overlay.'j,
QuttextX¥ (45,310, 'Elasticity modulus is limited a3 mag. 344903.74;
OuttextX7(45,330, 'Liferime of first layer is entered as such:’ .,
OuttextXV{45,345, ' If cne overlay is required selecting stage's;
QuttextX7(45,380, 'strategy as 2 lifetime of this layer 1z’
OQuttext¥(45,375, 'determined automatically as differeacz tige of'
QuttextXV(45,330, 'analysis period and new computed ma:. periormance’
OuttextXT(43,405, 'period depeading upon swelling awd fr:iar deave’,
“OuttextXY{45,420, ‘consideration.’);

QuttextX¥(45,435, ©  If two overlay i3 required chat this saces”



Quttext¥¥ (45, 450 | 'stage strategy was selected as 3, tbe lifszime’.,

REPEAT OKUL: -READFEY UNTIL ORUL IN [CER(27: CHR{73:,

IF OKUL=CER(73) THEN begin I:=469,7:=349;K:=180;L: 50 DFF delayibbl ;3070 SAYFAL end,

SOB2: I:=469;J:=419;F:=160;L:350,0FF ;delay(500), END;
E8D.

[(t)(t)(t)(t)(t)(t}(t)/:\’mu\/t)(k\(t 614D ry *f;:x';{*;,(x;,(‘r':.;t’:;\r.‘z'}
f¢¢ . UNIT PROGRAM ALL DATA ARE GIVEL ]
[EOCEIEICEID NIRRT (R L Oh s e ]
{§A+,B-,D+ B+, F- ,G#, It Lt Nt B- 8¢ Ve &-]  {§H 16384 0, 655360}

NI IHPUTS; INTERFACE USES HELPS,DUS,CRT GRAPH, WARNIJGS SCREEYS;

VAR

SFB,MCHEW,DQNEW,BASETYPE, CCHSFE (CHAR,
NSNEW,RSFHEW,PINEW,LTNEY,SPHEW, FEPNEW, LNUN, XY - IETEGEE,
NPPHEV, APNEW,SSHEW, LDFNEW, DOFBEW - INTEGER,
RFHEW, FERNEW,DFPNEY, ISNEW, TSNEW, OSDNEW, ESALNEW EGENEW @ REAL
FILENAME : :STRINGiSI;
LATERNAKE :ARRAY[L..7} OF STRIRG[1:f,
CBRNOD :ARRAY{L..7[ OF CHAR;

LVAL TARRAYIL. 7T OF LOKGI

.| :ARRAY{L.."] OF E:%L

GL:ARRAY(1..11] OF 5TRING[3UI;SFI:AREAY{I‘.lO] OF STRINS{3C!;
LNI:ARRAY[L..7] OF STRING[L5];SPI:ARRAY(L..7] OF STRING{33j,
.MRI,DCI:ARRAY{L1..7] OF STRING[!3];

CosT
MS:INTEGER=20;  FHP:INTEGER=20; RSF:INTEGER=20;  SP.INTEGER=1
PI:INTEGER=40; LT:INTEGER=2;,  MPP.INTEGER=15;, AP:IBTEGER= 3b,
55:INTEGER=2;  LDF:INTEGER=50, DDF.INTEGER=50;
I5:REAL=4.S,; 15:KEAL=2.5; OSD:REAL=(0.45), ESAL:REAL=(iE+8,,
EGR:BEAL=0.0001, FER:REAL=2.0,  DFP:REAL=I.0, RF . REAL=SC.;

PROCEDURE GENERALINPUTS;  PROCEDUEE SWELLFROSTILRUTS,
PROCEDURE NATERIALCHARIHRUTS; INPLEMENTATION
PROCEDURE GEMERALINDUTS; { ---------=--sssemsmessesessacmocsenen ;

LABEL - TEK!,TEK2,TEK3,TER4,TERS,TEKé,TEK7, TEKS, TEEY TEXLG, 78ELL,VEELI,
TEEL13,TEEL4,
VAR R:INTEGER;Z:STRING;
PUNCTION IntToStr{i: [NTEGER}: string,
VAR g: string(l7];BEGIN Str(i, a);IstToStr := 3; EAD;
FUNCTION IntToStrRealii: KEAL): string,
VAR s: string{l2];BEGIN Str{i, s);latToStrkeal:= s; END;
FUNCTION IntToStrReald(1: REAL): string,
VAR 8. string[4];BEGIN Strii, s);latToStrReald:= 5; ZUD;
BEGIN
Setviewport{0,0,639,118,CLI2O0H);Clearviewport;
TWE; OuttextX¥(20,40,'File Hame to Open <Withcut Extemsics’:’}:
GOTOXY(42,3);FILENAME: =" EXAMPLE "
GWR; READLE(FILENAME};
Setviewport(0,0,639,479,CLIPON};
WWR; OQuttextXY(315,132,FILENANE+'.OUT");
1:210;J:=120;K:=285;L:=20,bas; 1:=305,K: =144 bas;
Setviewport{0,0,639,118,CLIPON);
TEED: [mmmmmmmmm e e e e e |
TUR;Clearviewport;
QuttextXY{20,40, Reliability Factor {50..99.99) <90 :°



GOTOXY(41,3],GuR,
{$I-] READLN(ZY,
VAL(Z RFHEW, R 1504}
IF Z='' TEER RFNEW::=EF;
IF RFNEWC50.0 THEN BEGIN IEAZY,GOTO TER2, EAD,
IF RFNEW)99,.99 THEN BEGIN [KAZ7;GOTC TER2, EMD,
" Setviewport(0,0,639,479,CLIPCN);
WWk;  OuttextXY{3L0,182,COHCAT{IntTOStrRaal (BFNEW I+  E+0L% 1y,
I:210;  J:=150;  K:=285; L:=20; bas;l:=305;0:=144;bas,
Setviewport(0,0,639,118,CLIPON);
. TER§: [emmeeeeemnes B R e e e e R R }
REPEAT  TYWR;(lsarviewport;
OuttextXY(20,40, Analysis Period (3..60 year} <20:'):
GOTOXY{40,3) 0w,
{§1-1 BEADLBIZ);VAL(Z, APNE¥,R) {514}
IF Z='' THEN APNEW::=AP;
IF APNEW<3 THEN IEAZ6; IF APHEW,60 THEN IKAZS,
UHTIL APNEW IE (3..s0(;
Setviewport{§,0,639,479,CLIROL);
¥WR; Outtext{¥{315,192,IntT08¢r (ARNEW));
I:=10; J:=180; K:=285; L:=20; bas;l:=305;%:=144;bas;
Setviewport{0,0,639,118,CLIPCN);
TERT: [rmmmemmme e e e el :
REPEAT 1R, Clearviewport;
DuttextXT{20,40, 'Mazinun Bossible Berformance Period (L..'+#latT3StriAPHEW +" year)
GOTOXY159,3);6uk;
{§1-] BEADLY{Z),VAL{Z MPPUEW,R),(SI+}
IF Z='' THEN MPEHEW:=MPP,
[F MPRNEWC! THEN [EAZ6: [F MPPNEW APHEW THEYN [ZAZs:
UNTIL MPREEV I [1..APHEW),
Setviewport(0,0,639,479,CLIRON);
WWR;  OuttextXY(315,222,IatTOStr(NPPEER));
Li=l0;  I;=210;  K:=285; L:=20; baa;l:=309;K:=144;bes;
Setviewport(0,0,639,118,CLIPON);
b0 G I e ;
REPEAT  YWR;Clearviewport;
OQuttextXT(20,40,"Stage Strategy (L1..3) <2::');
GOTOXY(31,3),6WR;
{§1-1 READLH(Z),VAL(Z,SSHEW,R);($L+]
IF Z='' THEN SSHEW:=5S:
IF SSHEW(L THEN IKAZ6; IF SSHEW:3 THEN IRAZs:
UBTIL SSMEW IN [1..3];
-Setviewport(0,0,639,479,CLIPOK);
iR, QuttextXY (315,252, 1atT0Str {SSHEY)):
[:210; I:=240; E:=285; G:=20; bas;l:=305;8:=144;has;
Sstviewport(0,0,639,118,CLIPCK),;
TRy e e e ;
T¥R;Clearviewport;
OQuttextX¥(20,40, Initial Serviceability (2..5) -4.5/:"};
GOTOXY(4L,3) 6k,
{$1-1 READLH(Z);VAL{Z,ISNEW,R):(51+]
IF 7='’ THEN ISNEW::=IS;
IF ISHEW)S.0  THEN BEGIN IEATY,GOTO TEK3; END;
IF ISBEWC2.0  THEN BEGIN IRAZ7;G0TO TEE3; END;
Setviewport(0,0,639,479,CLIPON):
WiB,  OuttextX¥(308,282,IntToStrReal(ISHEG)):
Li=10;  5:=270;  Ki=285; Lo=20; bas;[:=30%;F:=l44:bas;
Setviewport(0,0,639,118,CLIPOH!;
TBEd: [emmmmmmmmr o e e e ;
YR, Clearviewport;
OuttextX¥(20,40, ‘Terminal Serviceability (I .. "+IatToStcReald(ISHEWI+" . 2.5..');
GOTOXY{45,3) 008
{§I-} READLN{Z),VAL{Z,7SHEW,R); (514}



IF 2='* TEEN TSHEW:=1S;
IF TSHEW)=ISHEW THEL BEZIL IEAZLL;GCTO0 TEF4 EBZ;
IP TSNEW(L.0 THEN BEGIE IrLl” ;;,.. Ti .,
Setviewport(0,0,839,475,CLIRE,;
iR, Outtextd¥ (308, 312,IntT Strlesl TSk
[:=10,  Ii=300, K:=18%; L:=20; bas;l:=
Setviewport{0,0,639,118,CLIPOK);
TERS; {~-~--~---~-----~-~-----~~~--‘------~------~---~-------~-~-‘ ~~~~~~~~~~~ ‘
Y§R;Clearvievport;
QuttextXY{20,40,"Cverall Standard Deviatico {U..0.5, .45 1",
GOTOXY (47,3} C4R;
{§I-} BEADLN(Z);VALIZ,0SDNEW R};{5I+!}
IF Z='' THEN OSDNEW:=0SD;
IF OSDREW){0.5) THEN BEGIN IEA77:G0T0 TEES; E4D;
IF OSDMEWC(0.0) THEN BEGIR IEAZ?60TO TEES: END,
Satviewport(0,0,639,479,CLIPON);
WWE; QuttextX¥(308,342,CONCAT{IntToStrReal (OSDNEW 4" E-01 ) 1;
1:210,7:2330;K:2285;L:=20 ; bas; 1:=309, 12144, 8AS; :
Setviewport{0,0,639,118,CLIPON);
TERG: [momommmommmm oo |
Y¥R; Clearviewpors;
Quttext{¥{20,43, 'Eavimated 18-g1p ES&L (ll4. L3Ee" lE-s o
G0T0XY(47,3),0WE;
{§1-} BEADLN(Z);VAL(Z ESALNEYW,R);(SI+}
IF Z='' THEN ESALHEW:=ESAL;
I[P ESALNEW)LE+8 THEN BEGIN IEAZ7:GQT0 TERs; EHD;
IF ESALNEW(100.0 THEN BEGIN IFAZ7,GOTO TEEG: END;
Setviewport{0,0,639,479,CLIPOK): BWR:
TERL3:
Li=10; 1o=380;  Ko=28%; Lo=20; basD:=d08;E:=ld4:has;
Setviewport(0,0,639,118,CLIPOK);
TEELO: [mmmmmrmmmm oo s e
REPEAT YWR:(learviewport;
QuttextX¥{20,40, ‘Directional Dis. Factor {10.. 1061 53 :*v;
GOTORY (44,3}, GUE;
(I~} READLN(Z);VAL(Z,DDFHEW R), {30}
IF Z='* THEY DDFNEW:=DIF;
IF DDFNEW<10 THEY IFA76;
IF DDFNEW 100 TEEE IEAZG:
UNTIL DDFNEW 1§ [10..1000;
Setviewport(0,0,639,479,CLIPCH):
Wiie; OuttextX¥(313,402, tatToStr(BOFYEN) 1,
L=l J1:=380;  K:=85; Li=20; bas;L:=365;0:=144:bas;
Setviewport{(,0,639,118,CLIPON); ,
TEELL:  [ommmmm oo e e e e 1
REPEAT  YWR;Clearviewport:
QuttextXV(20,40,'Laze Dist. Factor {50..106) 50 "1,
GOTOXY(37,3);GWR;
{§I-] READLE(Z);VAL{Z LDFNEW,R):{514]
IF Z='' THEN LDFNEW:=LDF,
IF LDFNEW(50 THEN IEAZ6; IF LDFNEW. 100 TEEN ILA%E:
UNTIL LDFHEW I [50..100}; Setviewpart(l,0,839,479,CLIRcH
WWE; 0uftextXY(315,43 ,[tT0Str (LOFNEY,
[:=10;  J7:=420; K:=285; L:=20; bas;l:=305;B:=14d:bas:
Setvievport(0,0,639,118,CLIPOEJ; ‘
TERL2: o ommm o e
TWR;Clearviewport;
QuttextX¥(20,40, Exposential Growth Raze (-29. 20k .40t S,
GOTOXY(49,3);0u8;
{$I-] READLY{Z);VAL(Z BGRUEW, R, i50+!
IF Z='' THEN EGRHEW:=EGR;
IF EGREEW)20.0 THEN BEGIN IFAZ7:G0TO TEXL2: EAD:
IF EGRHEW(-20.0 THEN BEGIN IFAZ7;GOTO TEF12; END:



Setviewport(0,0,639,479,CLIPON); WuE,

TEKL4:

Setviewport(0,0,639,118, CLIPOH)

) 1 T e e bt ;

PROCEOURE SWELLFROSTINPUTS,
LABEL TERL3,TER14,TEK1S,TEK1e,TEKL7,TERLS,TEKLS,TERZO,TERIL, SWEL‘IJG FROST,
TER22,TRE23,TEK24, TEE2S,
VAR B:INTEGER,Z:STRING,
FUBCTION IntToStr(i: INTEGER): strisg;
VAR & striog(5];BEGIN Str(i, 8);latTeStr := 3; EHD;
FUNCTION IntToStrReal{i: BEAL): string,
YAR & atring(5;BEGIN Str(i, 3);IntToStrReal:= s BHD;
BEGIN . Setviewport(0,0,639,165,CLIPOR);
REPEAT T¥R;Clearviewpart;
OnttextXY(ZD 40, 'Consider Only Swelling,Ouly Frost H. or Both (S/F.B; ‘Both.i'[;
GWR;SFB:=READEEY;SFB:=UBCASE{SFBI;
IF SFB 1N [CER(83),CHR(70),CHR(66},CHR{13}] THEL SFB:=8FB
ELSE 1KAZI;
USTIL SFB IN [CHR(83),CHR(70),CHR(56),CHRiISlI;
SYELLING.
REPEAT  YUR;Clearviewport,
Quttextd¥(20,40, ‘Moisture Supply (0..100%) <10:071,
GOTOXY(35,3);GHE,
($I-] READLH{Z);VAL(Z NSHEW R);[$I+]
IF Z=*" THEN MSHEW:.=HS,
IF MSHEWCO THEY IKAZS;
IF MSHEW;L00¢ THEE IEAZS,
UNTIL HSHEW & [0..160];
Setviewport(0,0,633,479,CLIPCH),
WUR; OuttextX?(335,180,latT0Str(MSHEW]);
I: 140 Ti=170:K:=180;L:=20,bas; 1:=330;K: 130 ibas,
Setviewport(0,0, §39,165,CLIRON);
TERL3:
REPEAT  YWRllearviewport;
Quttesti¥(20,40, 'Roadbed Soil Fabric (0..100%) 20.."1,
GOTOXY(39,3) Gk,
[$1-} BEADLR(Z);VAL(Z RSFNEW,R);[§1+]
IF Z='* THEN RSFHEW:=RSF,
IF RSFNEW() THEN IEAZ6; IF RSFNEW)L100 THEW IEAZE,
UNTIL BSFHEW ¥ [0..100];
Setviewport{0,0,638,6479 CLIPOR),
WWR;  OuttextiY{335,210,IntT0Str(RSFHEW)),
1:=140:7:2200;8:<180;L:=20,bas,; [:330,E:=130;bas;
1:250;7:=170:K:=80,L:=50;bas;
Setyiewport(0,0,639,165,CLIPON];
TEEL5: BEPEAT 7WR;Clearviewport,
QuttextX¥(20,40, Moisture Condition {M/A/Q) -Average @',
GWE ; MCHEW: =READKEY ;MCNEW: =UBCASE (MCHEW) ,
IF MCHEW=#13 THEN MCNEW:=CHR(6%);
[F NCHEW 1 {CHR(??;,CHR{&S},CHR( 91 THEY MCHEW:=NCKEW
ELSE IIAZL;
, UNTIL NCMEW IN [CER(77),CHR(85),CEE(79));
Setviewport(0,0,039,479,CLIRON),
WWR;CASE NCNEW OF #77: CuttextX¥(33%,240, Minimun'};
B65: Quttextd¥(335,240, Average’y
$79: CuttextX¥(335,240, Optimua’ ;;ENH;
[:=140;7:2230;8:=180,L:=20,bas,; [:=330,K:=130; bas;
Setviewport(0,0,639,1865, CLTPONJ
Setviewport(0,0,639,479,CLIRCH),
WWR:  OuttextXY{335,270,IntT05tr(PINEY];,
[:=140,7:2260;8:=180;L:=20;bag; [:=330;K:=13¢; bag;
Setviewportt0,0,639,165,CLIPON);



TEF16: EEPEAT  Y¥E:Clearviewper:;

Quttextfyin0,49, Layer Thickness 205 10,15 Jv 26,30 31 ..bufty 2n

GOTOXY(56,3),;0kE,;

{$1-] READLMIZ)VALIZ LTHEW,R);{$1+,

IF Z='* THEH LTHEW:=LT,

[F LTHEW IN [2,5,10,15,20,25,30,3L..L00]
THEN LTHEW: LTHEW ELSE IEAZS,

UNTIL LTNEW IN [2,5,10,15,20,25,30,3L..00%0,

Setviewport(0,0,638,479,CLIRCN),
Wik, 0uttechY(335 100, IatT0Str (LTHEY) ),
1:2140;7:2290;K:=180;L:=20,bas; 112330 k: lEU;bas;
1:250,7:=230,K:=80;L: =80, bas,
Setvxevpott(o 0,639,165,CLIRCH),;
TEKL7 REPEAT  TWR,! learvlewpcrg,
Outtezti¥{20,40, Swell Probability (0..L160%) 20.:

GOTOXY{ 39, 3} uWR;

{$I-] READLH(Z),VAL{Z, SPHEW,R);{51¢]

IF Iz ”HVJ SPNEW: =SB,

IF SPHEW<O THEN IZAZ&, IF SPNEW l¢o TEED IEEZ:,

UBTIL SPMEW IN [0..100];
Setviewport{0,0,639,479,CLIPOR);
WUR; OQuttextXY(335,330,latTOStr(SPNEY));
1:280:7:2320:8:2270;L:220;bas; [; =330, K:2130, bas;
1:=10;0:2170;K:=30,L:=170 ; bas;
Setviewport(0,0,639,165, CLIROK),

TER1S: YWE;Clearviewport;
Quttest8Y(20,40, Frost Heave Kate (0..30mm day! I -
GOTOXY(42,31,GHR;

[$I-1 READLE(Z) VAL{Z, FEENEW,E;!§0+
IF Z='’ THEN FHRUEY=FHR,
IF FERBEW)30.0 THEN BEGIE IEAIT,GQTC TELi8; EML,
IF PERNEW(0.0 THEY BEGIN IKAT7,GOTO TEXLS8, EML,
Setviewport(0,0,639,479,CLIDOR);
iR,
TER2L: 1:250:7:=360;K:=270,L:=20;has; =330, =130, has;
Setviewport(0,0,639,165,CLI20K);
TEZL9: YWR;Clearviexport;
OuttextXY(20,40, 'Depth of Frost Pecetraticn il..lilc I 7,
GOTOXY (40,31 ,0NR,
{§I-} BEADLN(Z);VAL(Z, DFPNEW,R};{§I+]
IF 2='' THEN DFPHEW:=DFP;
IF DFPHEW(1.0 THEN BEGIN IEAZ7;GOTO TERLS; END,
[F DFPHEW)L0.0 THEH BEGIN IKAZ7;GOTO TEELY; END;
Setviewport{0,0,639,479,CLIRON);
WUR; IF DFPHEW=10.0 THEN OQutrextX¥(332,400,IntT0StrRealiJFPNEW:t" E+il’y,;
D:=140;7:=390;E:=180;L:=20;bas; 1:=330;L:=130;bas;
Setviewport{0,0,639,Le5,CLIR0N);
BEPEAT YWR;Clearviewport,
QuttextX¥(20,40, 'Drainage Quality (Vp/P.F. 585 Z2ocro’y,
GWR;DQNEW: =READEEY ; DQNEW. =UPCASE{ DQUEY),
IF DQNEW=CHR(13) THEN DQNEW:=CHR(30);
[F DQHEW LN (CHR{86) CHR(80),CHR(70),CRE (7L, CRRIGY: ]
THEN DQUEW:=DQHEW ELSE I[KAI3;
UHTIL DQUEW IN [CBR(86),CER(80),CRE(70; CHE( L, CEE t3:
Setviewport({,0,639,479,CLIPCH),
WWR,CASE DQNEW OF #86: Cuttextf¥(335,43(, Very Pscr’y;
B80: Jutrext{V(135, 430, 'Poor",
$70: GuttextdY (335,434, u“’,,
B70: Qurttext{T(335,430, 500d"
$69: Qurteztd ¥f3.4,430,'Excellen:' EED,
Lozl 0242082180, L: =00, 088,; 122030, 12130  bas;
1:250,7:=390;F:=80;L:=50;bas;
Setviewport(0,0,039,e5,0LI200);



TEL20: REPEAT  YWE;Clearviewpory;
Quttest{Vi20,40, Froat Heave Probability i0..100% 20
GGTOXY(43,3);GWR
{§I-] READLN(Z);VAL(Z FHPHEW, B, {51+
IF 2='' THEN FHPREW:=FHP,
IF FHPREW.0 THEN I[EAZs, IF FHPHEW 100 THZN [E&AZ:,
UETIL FEPNEY Iﬁ [0..1001;
Setviewport(0,0,839,479,CLIPON),
WWR,OuttextXV(335,460, IntT0Str (FEPUEY] ),
1:260;J:2450,8:2270;L:220 bas; I;=330;K: =130 bas;
Leel0;J:=2360,K:230;L:=110,bas;
Setvietportto,o,639,165,CLIPOH);
. EAD:
E8B;  END;
PROCEDURE MATERIALCHARINPUTS;  LABEL TEK,TERL,T2£2,T8K1,TEX{,TEES;
VAR II,JJEK,LL,R  CINTEGER,  DEVAX :BOOLERL;
MA :REAL, z STRI4S;
FUNCTION IntToStr(i: IHTEGER): string;
VAR & string(1];BEGIN Str{i, s);latToStr := 5; EAD,
FUNCTION IntToStrReal(i: REAL): striag;
VAR s: atring[17];BEGIN Str(i, s);latTeStrReal:= 3; EMD;
FUBCTION IntToStrRealM{i: REaL): string;
VAR B: string(S[;BEGIN Str(i, a);latToStcReald:
FUBCTION LonglntToStri{i: LONGIET): string;
VAR 3. string(7];BEGIN Strii, 3);loaglatTeStr :
BEGIN
VR, LAYERBAME{L]:="Subqrade’; LAYERNAME!2]:='Subbaze C.';
LAYERMAME[3]:='Base C.'; Setviewportl(,0,82¢, 18, {1150k ;
TEE: REPEAT  YWR,(learviewport;
QuttextXY(20,40, ‘Number of Layers Over Base Course i0..4; . 7:':;
GOTOXT(51L,1),GHR;
($I-} BEADLN(Z),VAL{Z,LNUM &), {S0+} IF Z='' THZY L34l
IF LAUNCO THER IEAZ6, IF LBUM. & THEN IFAZG:
UBTIL LYUM I§ 10..4];
372270, FOR II:=4 70 LNUM+3 DC BESIN
TEXL: YHR Setviewport(0,0,639,118, CLIPGH! ;Clearvievpors;
OuttextXYl’O 46, IneT05tri )y,
Quetegtd¥{25,40,7. Layzr flame .');GCT0KY(28,31,
GWR;READLB(LAYERBAME[II});
IF II=4 THEH BEGIN [P LAVERNAME[II[='' THEN BEGIN I[FAZ13;
LAYERRAME[II]:="Binder ©.';END; 20,
IF 11=5 THEN BEGIN IF LAYERKAME[II]=*' THEM BEGIH 1YA”11
LAYERNAME[II]:= S;;.a:e PR BN R

3, I,

ir

I8}

3; B4I;

Setviewport(0,0,639,479,CLIPON,,
WWR; OuttextXY(l5,]J LAYERNAME[IL]);
Setviewpart(0,0,639,118,CLIDOL);
IF LAYERMAME{II]="" THEYN BEGIN IRAZLY,
GOTO TEELEND;INC(JI,36;
EAD;
FOR II:=LHUM+4 TO 7 DO BEGIN LAYEENAME[II]:=" ";Setviewpcrt:v,s,633,479, L0200
Setviewport(0,0,039,118,CLIPON; ;ENDESD ELD;
DEVAM:=FALSE; REBEAT
YR, Clearviewport;
QuttextX¥(20,20, Subgrade Strength Parameter .'J;
OuttextXY(20,40,'CBR,R {if « i) or Elasticity of Nodulus «CEE, B ',
G, CBRMOBIL]: READKEY CBRMCEL] "UP!AS" SBENGI L,
IF CBEHOD{ =#13 THEN CRENOL| ;J 2ty
IF CBRMOD{L! [H [#67,#32 K59 THEY DEVAN:=TLVI,
IF DEVAM=FALSE THEL IFAZ3,
UNTIL CBRMOD[L] IN [#67,#82, 59 DEVAM:=F4LSE;
Setviewport(0,0,639,479,CLIRON;,
WUR; CASE CBRNOD{L] OF o7: QurcextXY{117,180,'C8R (falifsrsiz 8. 3..' .,
38l Ou:tefthili’,Leo "EeVaLue' !



$69; CutrextyY(117,180, Eleaticaty of Modulus'i,est;
L:=10; J:=120:8:=90;L:=40; BAS;I:=110; E:=190;L:=20; Ji=170;845;
Setviewport(0,0,639,118,CLIPON), Clearviewport;
REPEAT YWR; Clearviewport, ‘
QuttextX¥(20,20, Subbase Strength Parameter :':;
Quttext¥{20,40,'CBR,R or Elasticity of Modulus {C.B/E B 'y,
GWR; - CBRMOD!2]:=READEEY: CBEMOL!2]: =UPCASE(CBRMOZ 2],
IF CBRMOD{2]=#13 THEN CBRMOD{2!:=#89;
IF CBRMOD!2] IN [#67,#82,#89) THEL DEVAM:=TRUZ,
TF DEVAM=FALSE THEN LEAZ3;
UNTIL CBRMOD[2] IN [467,#82,#69] DEVAM: =FALSE;
Setviewport(0,0,639,479,CLIPCH),
WR; case CBRHOD{’] OF %67: OQuttextXV(117,210,"CBE (faliicraia B 2.7,
$82: Qutrextd¥!117,210, B-Value's,
#09: CuttextdV(117,210, Elasticaty of Modulus'p END;
I:s110; Ki=190;L:=20, J:=200;BAS;
Setviewport(0,0,639,118,CLIBON) Clearvieuport;
DEVAM: =FALSE;
BEPEAT YWR; DEVAM.=FALSE; Clearviewport;
Quttexti?({20,20, Application Type cf Hase Courge ',
Outtext¥9(20,40," {Cemeat Treated,Bituminous Treated,Granular; (.86
BASETYPE: cREADKEY;BASETYPE: =UPCASE{BASETYRE),
IF BASETYPE-#13 THEN BASETYPE:=#71,
IF BASETYPE IN ([#67,#66,871] THEN DEVAN:=TRUE;
IF DEVAM=FALSE TEEN IEAI3,
UNTIL BASETTRE IN [#87 #00,471);

Setviewport(0,0,639,118,CLIPOR);
CASE BASETYPE OF #65. BEGIN

REPEAT DEVAM:=FALSE, YWE, Clearviewport;
QuttextX¥(20,20,'Base Strength Parameter :'J;
OuttextXY(20,40, Marshall Stability or Modulus (S./M: M 'j;
GWR; CBRYMOD{3]:=READKEY,CBRNCDI3]: -UPCKSH CRENGE 3.
IF CBRENMOD!3)=#13 THEN CBRHOulJ]‘ 4
IF CBRMOD{3 IN [#83,#77] THEM D?J%}"”RUV
IF DEVAM=FALSE THEN ;YAZ3,
UNTIL CBRMOD[3] IN [#83,877],DEVAM:=FALSE;
Setviewport(0,0,839,479,CLIPCH};

WWRCASE CBRMODI3] OF B83: OQurtextXT{lL5,240, 'Narshail Stability'y;

$770 QuttextdY (115,240, Modulus (Bituminoust’ i ELD;
Io=110; K:=190;L:220; J:=230;8AS,;
Setviewport(0,0,639,118,cLIPGEY,; Clearviewport EUD,

§o7. BEGIY
REPEAT DEVAM:=FALSE,
T4k, Clearviewport;
QuttextXY{20,20, Base Strength Parameter :'1;
QuttextXY{20,40, 'Usconfined Compressive Strength or Nedulus
GWE; CBRMOD .31 =RSADIZY,C3RMCD 3. =UPCASE. Z88Nl0 2,
IF CBEMODI3j=413 THEN (BEMIDIZ,.=¢7%,
IF CBRMODCI IN [#85,879) THEY SEVAN:.=T2UL,
IF DEVAM=FALSE TEEN IFAZY;
UNTIL CBRNOD(3| IN [#8%,879};DEVAN:=FALSE:
Setviewport(0,0,639,479,CLID0K);

1o

WWR, CASE CBRHGD[lI OF #85: QurrextXY(115,249, Unconficed {omp. a .
79: Quttext{Y(L115,240, Mcdulus (Cemented

I:=110; E:=190;L:=20; J:=230;BAS,;

Setvievport(ﬁ,@,539,118,CLIPOR);Clearviewpcrt;ENi;

G



#71: BEGIE
BEPEAT DEVAN:=FALSE;
YWR; Clearviewport,
Outtext¥¥(20,20, 'Base Strength Parameter '
QuttextX¥(20,40,'CBE, F or Elasticity of Meduliz i % £,
GWR; CBEHQD{%I1=REABKEY;€BRHGQ{3‘:=UPCAS JBENAD Y,
IF CBRMOD[3}=#13 THEN CBRMOD:3]:=#69; .
IF CBRMOD{3] IN !#67,8089,%82) THEN DEVAM:=TRVE,
IF DEVAM=FALSE THEN IFAZ3;
UNTIL CBRMOD[3] IN {#67,889,882], DEVAM:=FALSE;
Setviewport(0,0,639,475,CLIR0N),

1431 1

§9R; case CBRMOD'3I OF #87: JuttextXY(LL5,240, CBR (Califoraiz 3. 2.1".
#82. OurtextAT(115, 240, "E-Valve',
369 OuvtextXY{119,240, Modulus :Granuiar "+,
I:=180; Ki=190;L:=20; J:=230;8AS,
Setviewport{0,0,839,118,CLIBON) ;Clearviewport EiD;
END;

J7:2270,0:2230; FOR II:.=4 TO LNUM+3 DO BEGIN  Setviewport{?s, 0,533,473, CLIRCHI;

CBEMOD[II]:=#69;
WWR: - OuttextXY(LL5,J], Elasticity of Modulua'l;
Iﬂ?iJJ,30};I:=11&; Fo=190:L:=26; Jo=le30BAS,END

POR II:=LHUM+4 TO 7 DO BEGIY CBRMODIII]:=#d
Setviewport((0,d,639,118, CLIPON;;

TiR; Clearviewport; Quttexef¥(29,20, Their Magmitude: 't
J7:2180,7:2140; FOR IL:=1 To LEU¥+3 DO BEGIY
TEE2: TWR;QuttextXY(20,40,TatT08ce(IL}y,

IF II=1 TREN OutvtextXY(25,40,'.  Subgrade '

ELSE

Quttextd¥(25,40,'. Layer Value '},

GOTOXY(21,3),

{$I-} RELBLﬁxZ) VAL{D LVALITE] B {818
IF Z='' THEY BEGIN

IF LVAL{IL]=0 THEY BEGIN IKAZs,G0TO TEXZ,SMD;
EHD,EHD;
IF [I)=4 THEN BEGIN IF LVAL[IL|.100000 THENW LVALIZ!:=l3iidl,

IF LVALIII] 500000 TBEN LVAL{II].=S¢etoi ERD;

Setviewport(0,0,639,479,CLIRON);

Wik, Quttext¥(325,17,LonglntT0Str (LVAL(IL]])

[:=310; E:=150;L:=20;7:=]+30,845;

Setviewport(0,0,639,118,CLIBON) ;Clearviewport;
I8y, 300, END;

FOR II:=LNUN4 70 7 DO BEGIN LVAL{II]:=0;Setviewportit,(,63§,47,CLIR0K:,

TERS:

1#R; Clearviewport;

OuctextX¥(20,20,'Drainage Coefficients of Lagers Over Subgrade i0.6..1.10 L. :'):
J7:=400;

N{L1:=1.0;1F LBUN+4)4 THEN LL:=§ BLSE LL:=4;  FOR [I:=LL T3 7 D3 BEGTH M.IDi:=1.0: EHD;

KK:=LUUM+3,IF EE>4 THEN ER:=4; FOR II:=2 70 EE DO BEGIS TEF4:
VB, OuttextX¥(25,40,CONCAT{LAYERUAME[II]4" Drainage Coefficient :':o:
GOTOXY(38,3);
GWR; {$I-1 READLE(Z) VALIZ,H[II],R);isir}
IF Z=''THEN M{Il].=
IF W{IL]1.4 THRN BEG’H TFRZ7,5070 TERY, B,
IF M{II]<0.6 TEEN BEGIN IEAZT;5070 TER4; ENE



Setviewport{0,0,639,479,CLIPON),
yeR; QuttextX¥(135,J7,CONCAT(LAYERBAME[II]+" Draizage Coel.’}i,

IF M[II]<1.0 THEH Outtext¥¥(375,JJ,CONCAT{IntTOStrRealM(¥ I 1¢" E-01":,
‘ ELSE Outtext¥¥(375,1), IntTCSerReal My 1T+ Es00"y,
Setviewport(0,0,639,118, CLIBON) Clearviewport,
1NC(3T,30); END;
END;  END.
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{¢ URIT PROGEAH CGHPUTIHu HR A Sk, E UJERLA&
OO I T L TS T A R SRy A
{§4+,0¢,B~,D¢ E¥,F- G4, 1t L1, n* Rf S* V7 4 iSM 15584 §,655380)

UNIT COMPUTE, IHTERFACE

USES  OVERLAY,CRT,INRUTS,DATASTOR,GRAPH,SCREENS, WARNTNGS RELES; '

L[V ARRAYfl 7] OF LONGIET,
D,A,58 ARRATSL..7] OF REAL,
PSIMAX,ZR,TIME, SYI, WE2TIME,SRCONS, PVRISE :EEAL,
PSISwFr,GetTine (REAL;
¥ROverlayl, MROverlay? LONGIET;
SHOverlayl,DOverlayl,Alverlay!l (REAL;

SHOverlayZ,DOverlay?, Alverlay?,FOLTL REAL;

PROCEDURE COMPUTED, PROCEDURE COMPUTEGverlayTHi,
IMPLEXERTATION

PROCEDURE CONPUTED; [~ ---=n=-r=-ssmnmoemssunnees rreenen e
LABEL SHCOMPUTE, DCOMPUTE, BASLA,EESAR;

AR III,C - THTEGER,
SHDAM,DMIN :ARRAY{1..7] OF REAL,
RREAL (REAL;

FUBCTION IntToStra(i: INTEGER): string; :
VAR 5. string{l];BEGIN Str{i, 8);IntTeStra := 3; 2M5;

BEGIN

fromerrennananens LAYER THLCRAESSES COMPUTATLON BEASE ----------e--- §
¢:20;

POR II1:21 70 7 00 BEGIH

IF CBRNODIIII]=#0 THEN INC(C);END;LRUN:<7-C-3;

CASE DQUEW OF #86: PSIMAX.={DFRNEW/Z.0),
$80. PSIMAX:=(0.4*DFPNEV!,
#70. PSIMAK:=(3.0*DFRUEW/L0.01;
#71: PSIMAX:=(DFRNEW/S.0),
$69. BSINAX:=(DFRNEW/L0.0);END;

CASE CBRMOD[L] OF #67: MR[1]:=1500*LVAL[L);
. #69: MR[L]:=LVAL{L]; )
$82: MB[1]:=1000+555*LYAL[L] EXD;
A{1]:=0.0;

CASE CBRMOD[2) OF #67: HR[2):=GetA3(LVAL[2]);
$69: NR[2]:=LVAL[2];
#82: MR[2]:=GetA3R(LVALI2]);END:
A{2]:=abs((0. 227  (CLUCKRI2T)/LH{L0. 6 y1-0.8390;
CASE CBRMOD[3] -OF #67: BEGIN MR[3):=GetA2({LVALI3));
A[3]:=abs( (0. 2494 LUIMRIS])/LNIL0.00)-0.977 1 BT,
$69: BEGIN MR[3]:=LVAL[3]; '
A{3] =aba{ (0. 249 (LE(MRI3]1 LHCLO 0y 150,977,340,
#83: BEGIN MR[3]:=GetAIMARSRALLMEILVALIZ])
A[3):=GetAIMARSHALL (LYALI3 ] Ean;
#77: BEGIN ME[3]:=LVAL[3];
A[3]:=GetAMODULMR[3] ) EHD;
$85: BEGIN ¥R[3]: GecAﬁuucouF;usnna\'"ALLJJs,
A[3]:=GetA2UNCONFINED {LVALI3]) BNL;
#79: BEGLN ME[3]:=LVALI3];
A{3]:=GetA2HQDULCEMENT (MR{3]) BHD



$80: BEGIN NE[3]:=GetA2MB(LVAL[3]);
A]3):=GetA2R(LVAL{3] ) END;
END;

FOR LII:=4 TO LEUN+3 DO BEGIH
IF LYALITI]>0 TEEN BEGIN MR[III]:=LVAL[IIL];
IF ME[LI1]7500000 THEW ME|LII}:=50c0ti;
EHD;

IF LYAL[LII]=0 TEEN MR[III]:=0;

A[ITI]:=aba(BXP{LN(0.017439252)+{0.5307LI3S LA LN MR ITL]/ L0000y 1),
END,

FOR IIL:=LEUM+4 TO 7 DO BEGIN A[LID]:=0.0; LVAL[IIT]:=0, MRIIII]:=0;
END;

BREAL:=100. 0% (EXP(LH{RFNEW/100.01/S54EW) ) ;
ZR:=GetZR(EREAL) ;

STI:=[SUEW-TSHEW;
IF CONSFE=$78 THEN GOTC SHCOMPUTE,

TIME:=MPPHEW,
WB2TINE:=GetW82(DDFNEW, LOFNEW, ESALNEW, TIHE, EGRUEW)
SH[1]:=GetSN(ZR,0SDNEW,W82TIHE SYL R{L]},

TIME:=TINE-(0.1);
BASLA: .
IF SFB I8 [#83,13,856] then BEGIN
PVRISE:=POTVERRISE(PINEYW,LTHEW, NCNEW), N
SRCONS:=Swel IRATECQNS | MSHEW,BSFUEW) ;end; .
CASE SFB QF #83: PSISWFR:=GetPSISwell{PYRISE,SRCONS,TIME, SPHEY:;
$70: PSISWFR:=GetPSIFrogt(FHRNEW,PSIMAY, TIKE, FHRAEW),
$66: PSISWFR:=GetPSISwell{PVRISE,SRCONS,TIME, SENEW +5etPSIFrostr FHRNEY, PSIMAY, TIME FHPHEW),
$13: PSISWFR:=GatrPSISwell(PVRISE,SRCONS, TINE,SPUEY +3ecPSIFroat (FHRNEW, PSIHAL, TIME FEPHEW),
SYL:=ISHEW-TSNEW-PSISHFE;
WO2TINE: =GetWS2FROMSH(SN{L], 7R, OSDNEY,SYL HE[L]};
GetTINE:=GetTIMEFROXWO2 (LDFNEY, LOFNEY, ESALKHEY, Wa2TIME EGRNEY:
IF ABS{TIME-GETTINE)<0.1 THEN GOTG HESAP
ELSE BEGIN TIME:={TIME+GETTIME) 2. {5070 BASLAEND,
BESAP:
TIME:=GetTIME,
IF SPB IN (883,813 466] then BEGIN
PVRISE: =POTVERRISE{PLNEW,LTNEW MCHEW)
SRCONS:=SwellRATECONS { MSHEW, RSFNEW) ;end;
CASE SFB OF #83: BSISUFR:=GetPSISwell (PVRISE,SKCCHS, TIME, SPUEY
#70: PSISWFR:=GetP5IFrost(FERNEW, PSINAL, TINE, FE2UEW),
$66: PSISWFR:=GerPSISwell(PVYRISE,SRCONS, TIME, SRUEW | +3ecPSiFrostiPHRNEW, PSIMAY, TTHE FHPUEY:,
#13. PSISWFE:=GetPSISwell(PVRISE,SECONS, TIME,SPREW +GerPilFroar FHENEW, PSINLY, TIVE FHENEW)
SYL:=ISNEW-TSHEW-PSISWFR,
WO2TIME:=GetW82(DDFHEW, LDFHEY, ESALNEY, TIME EGRUEW),

FOR III.=2 TO LNUM+3 DO BEGIN
SH[III]:=GetSH(IR,0SDHEY, W8 TINE, ST MR 12D i
ENL;

FOR ILL:=LAUM+4 T0 7 DG BEGIN
SHIIII]:=0.9;
END;

G0TO DCOMPUTE;

£ap;

END;



SHCOMPUTE:
TIME: =NPPNEV,
W82TINE:=GetW82(DDFUEW, LDFNEW, ESALNEY, TINE, EGRNEY),

FOR III:=1 TO LHUM+3 DO BEGIN
SH{ITT]:=GetSH{ZR,0SDNEY WE2TIME, STL MRIIIL];
END;

FOR IIL:=LNUM+4 TO 7 DO BEGIN
SN[IIL]:=0.0
END;

DCOMPUTE: - {-=----=-sommnme- MINIMUM THICKHESSES -----=vrmmrmmmmmmmmaas ‘
IF ESALBEW(=50000.0 THEN BEGIN
DHIN{4] =1, 0;DMINS] =L, 0, DM 0 8] =L, 0,00 I8 7=t 0,
IF BASETYPE=#71 THEN DMIN{3]:=4.¢
BLSE DMIN{3}.=0.9;B4D;
IF ESALEEW>=50001.0 THEN BEGIH
[F ESALNEW:=150090.0 THEY
BEGIH
DMINUA =2 0;0MINS =0 U, ORIN 6 20 3, aHIh -1,
IF BASETYPE=47L THEN DKIRI3]:=4. e
BLSE DMIN[3]:=0.4;EUD;E4D;
IF ESALBEW)=150001.0 THER BEGIN
IF ESALNEW<=5000G0.0 THEN BEGIN
DNIRI4]:=2,8; DMINIG ] =2 5, DHIR 6 =05, M0 7020 s,
IF BASETYPE=#7L THEW DMIH{3:=4.0
ELSE DMIN{3]:=0.0;R0D 08",
IF ESALNEW)=800001.0 THEN BEGIE
IF ESALUEW/=2000000.7 THEY BEGIY
DHINI4]:=3.0;DMIBIS =3 0 DMIR 6 o=, L DHIR ™ =i
IF BASETYPE=#7L THEN DMINI3!:=6.0 .
‘ . ELSE DMINI3):=).4,BLD B2,
IF ESALEEW=2000001.0 THEN BEGIN
IF ESALNEWC=T000000.0 THEYN BEGIY )
DMIN 4 1:=3,5; DMINTS =3 5, DUIR 6] =0. &, DHIh 0 mh ks
IF BASETYPE:#7L THEN DTH[2]:z ]
ELSE DHIN[31:=0.0;EHD;ED;

IF ESALNEW)=7000001.0 THER BEGIN
DMIHD] =4, 0;DMINS =4, 0 OMIN o =g 0, 0HT 7 omi
[F BASETYPE=#7) THEW DMIN(3):70.0
ELSE DMIN{31:=0.0,E40;
DMIB[1]:=0.0;DKIN]2] =00,

[oemmmmmmmmmenneeeee THICEUESS COMBUTATIONS =-v=-vn-smemsmmmmsmmomneonne :

f=see 7, LAYER ==esnmrommmses oot :
SHDAM{7]:20.0;

SEDAN[6]:30.0;

IF AL71)0.0 THEN BEGIH

D[7):=abs(SH6]:(AIT10N2]0);
IF DNIH[7]>0.0 THEN BEGIN IF B[7i Dﬁiﬂ[’ mHEi I RN
SHDAM[6]:=abaiDI71tAL7]*HI7]) BN

ELSE D{7]:=0.¢;

f==== B LAYER -ormomm oo e
SHDAM(5]:=0.9;
IF A[6])0.0 THEN BEGIN
D61 =abst(SU{5 - (SHTANIS ), (4100l
IF DMIN[61)0.0 THEW BEGIN IF D{éj-DMIN(6! THEN D'
~ SHDAM({S]:=aba(Dlol*Al6! N o]} :END
ELSE Dig]:=6.¢;

m‘,

DMIN )BT,




mnee §, LAYER ~venrmmmressmrsmn st ;
SHDAM[4]:=0.0; ‘
IF A[S}>0.0 THEN BEGIN
" B]S):=abs((SH{4)- (SNDAMIS]4SUDRNIE) 1 (AIB)UMIS ),
IF DKIN(8]>0.0 THEN BEGIN IF D{S]<DKINIS) THEN Di5):=DMINTS!,ENI,
SHOAM[4]: =aba{D{8S]*4[5] K5} END
ELSE D{5):=0.0;

e 1 . ;
SHDAN[3):=0.9,
IF A[4]70.0 THEY BEGIN
Dl =abs((SH{3]~(SHDAM[4]+SHDAM[S ] +SHDAM 8]y 1/ 1ATI Y 4]},
IF DMIB[4]>0.0 THEN BEGIN IF D[4]<DMIN[4] THER D{4}:=DRIKI4);END,
. SHDAM[3: . =aba{D[4]*AT4]*MI4]) ;ED
ELSE DI4}:=6.0;

[ommm 3. LAYER mmemmmmmo o el ;
SHDAN[2]:=0.0;
IF A[3])0.0 THEY BEGIN
D{l[:=ahsl(SH[ZI-(SNQAH{3I+SHDRH'4 HSHDAMIS I +SHDAN 0], . TAL3IH[3D)),
“IF DMIN(3]>0.0 TEEN BEGER IF D[3]:DNIN[3] THEW D[3):=D¥IN[3].END;
SHDAM[2]:=abs(D{3[*AL3 M3 ]); EJD
ELSE D{3]:=0.0;

[-=== 2, LATER +esovesmsemmmranm et }
SHDAN[1]:=0.0;
IF A[2])0.0 THEN BEGIY
D20 abs( (SH[L]-(SHDANL2|+SHDAN]3[+SUDANC 4 [+SHOAN 5 +SUDANI 1))/ (AL2 10N 11
IF DNTA(2120.0 THER BEGLS IF DJ2J.DNINII] THEK BiZi:=DKINI2}ELL,
SUDNNTL]:=abs (D121 <AL ] *H[ 2} ) ;EMD
BLSE D[2]:20.4;

fmomm Lo LAYER ~ommmmmm oo oo s e e £
Af1):=0.0;D]1):=0.6;  EMD;
PROCEDURE COMPUTEGver [ayTRL, {----~-- QVERLAY THICENESS COMPUTATIOY ------ i
VAR A CHAE;
8Lx,BLy & CHTEGER;
SYI0verlayWITHSF SYI0veriayWITESwell,SY 0ver ¢a,k¢;EF 6stIEEAL;
STIOver [ayWITHOUTSF, SYI0verlay MAXOTINE, ¥325varlay (3345,
Sly,SHeffective,(x, 44 BB (RELL,
SYI0verlayUitimate,¥3.Ultinate, Fal (BRAL;
LY3LOverlayBEY SLORIIETS
b4 (STRLES,

LABEL TEK,TEKL,TEE2,TER2,TERY;

PUNCTION IntToStrRealls. REALj: steing, VAR 37 siriog 4!
BEGIN Str{i, s);IutToStrReald:= 5; EUNI;

" BEGIN
FOLTL:=0.0;
A:=READKEY;A:=UPCASE(A):
IF A=k72 THEN BEGIN I:=489;7:=420;8:=180:L:=50;0FF delay(5(i;; -
’ HELPOVERLAY; OVERLAYSCREZY: EMp:
[:2469,7:2420;8:2180;L: =50, 0FF;
TEK: Setviewport((,0,839,80,CLIPON) ; CLEARVIEWPOET;

Settextjustify(0,1}:
TéR;  OuttextXY(20,40,’Flas. Hod. of I3t Overlay Materizl $390. 5313 331 4000000



GOTOXY (68,358,

I$1-} READLEIZ);VALIZ, LYALOveriayliE¥, B, {51+

IF Z='' THEN LVALOverlayHEW:=40000¢,

IF LVALOverlayNEW 50000 THEW BESIN IEAZ®;6CTC TEL,ERL,
IF LVALOverlayNEW: 500000 TEEN BEGIN IPAZe;5CT0 TIEENT;

MBOverlayl:=LY&L0ver layHEW,
ROverlayl:=ABS{EXPILBI0. 01743925210, 5307 ISSU LR MESverleys Loll g,

TEEL:
[EAZLG,;

HAXOTIME: =APNEW;
AA:=GetW8Z({DDFNEW,LDFNEW, ESALREW, TIME EGEREY),
B8:=GetW82 (DDFNEW, LDFNEW, ESALNEW, NAXOTINE  EGRNEW); .

¥820verlay:=B8-A4;
SchverlaYWITHOUTSF:=ISNEW'TSNEW}
IF CONSFH=#78 THEN BEGIN SYICverlayWITESF:=¢.0; GOTO TELI; ENI;

CASE SFB OF #83: BEGIN SYICverlayWITHSF:=GetPSISwell{PYRISE, SRICHS, ¥AZ uTI‘E SENEW)-GetPSISwel  (BVRISE,SRCONS, PINE, SPHES
SYIOverlayWITHFrost:=0.0;END;
§70: BEGIN SYIOverlayWITHSF:=GetPSIFroariFHRNEW,PSIMAY, MALCTING FHPHEW)-GetPSIFroas FARNEW, PSINAY, TIME, FHD
S¥I0veriayWITHSwelZ:=0.0; LD,
$66. BEGIN GOTQ TEKL,END;
$13; TEE1: BEGIN
SYI0ver layWITHSF: ={GetPSISwell |PVRISE, SRCOHS, MAXOTINE SPUEW, -CerPSISwel. PVRISE, SRCONS, TINE SPYEY) )+
{GetPSIFrost (FHRNEW, PSIMAX, MAXOTIME FEPHEW)-GetPSIFrost (FERREY, »SI¥L: TIME FHPHEW)), END:
EXD; 0

TBE2: SYIOverlay:=STI0verlayWITHOUDSF-SYIdverlavyIngsy,
SHy:=GetSH(ZR, OSDNEW,W820verlay, SYI0verlay ME ) ;
RLx:=GetOverlayRLx{TSNEY,SHIL]);
STl0verlayUltimate:=[SHEW-(2.0)-SYI0ver layWITESF,
W82Ultimate:=Get¥82FronS(Slly, 2R, 0SDNEW, STI0verLayUitinate i (1]
RLy:=ROUBD(((W82Ultinate-¥B20verlayi/W82Uitimare)* 00},
FRl:=GetOverlayFri(Bls,Bly);

(x:=GetOverlayCx{Blz);

SHeffective:=SH[1]*Cx;
SHOverlayl:=SHy-(FRL*SHeifective);
DOverlayl:=SHOverlayl/AGverlay!;



l(t)(i)(t)(t)(k)(t\ YN AT NI A YA SYE D TR DYERTE RS SR SEE L TR AL N
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[(t)(t)(t)(l)(x)(t)&n)<x}f&}{u xn‘\»S(x'(a',:' [N ST S S
[§A¢,8- D¢ B4 F- G4, 14, L4 N4, B¢ 5t V4 H-]

{$M 16384,0,655360]  UNIT DATASTOR, INTERFACE

USES CRT,INRUTS,

S
—— e e

FUNCTION SWELLRATECONS (MSHEW,BSFNEW:INTEGER):REAL;
FUBCTION POTVERRISE(PINEW,LTHEW: INTEGER MCNEW. CEAR | REAL;
‘PUBCTION Getd3R(LVAL:LOHGINT): INTEGER,
FUNCTION GetA2(LVAL:LONGIRT):INTEGER,
FUNCTION GetAZMARSHALL(LVAL:LONGINT):REAL,
FUHCTION GetAZMARSHALLME (LVAL:LOKGINT:LOBGIKT,
~ FUNCTION GetAZMR(LVAL:LONGINT):LONGINT;
FUBCTION GetAZMODULCEMENT(LVAL:LONGINT):REAL;
FUNCTION GetBSISWELL{PVRISE,SKCONS,TIME:REAL;SPHEW: [HTEGER; :REAL,
FUBCTION GetPSIFROST{FEENEW,PSIMAX,TIME:REAL,FEPNEW: INTEGER):EEAL;
FUNCTION GetSN(ZR,OSDUEW, W82TTME,SYL:REAL;MR:LCHGINT):3AL,
FUNCTION GetW8Z(DDFNEW,LDFHEY: INTEGER,ESALNEW, TIME EGRNEW REAL, :EZiL
FUNCTION GetW8ZFromSN{S¥, IR, OSDUEW,SYI:REAL MR LONGINT 11 REAL
FUNCTION GetTIHEFromQ8BIDDFNEH,LDFHEU:IﬁTEGER;ESALHEE,UBCTIME4EG£RE¥:£EAL):REAL;
FUNCTION GetOVERLAYRLx(Ptl,SN:REAL): INVEGEE,
IHPLEMEETATICN
FUNCTION SWELLRATECOAS,
YAR SRC:ARRAY[0..10,0..10] OF REAL;A,B:[HTEGER, 3ECIH

SRC[0,0]:=0.04; SRC[O,l1:=G.04; SEC[0,l]:=6. 04 SEC'&,,}‘-D b4,
SRC[0,4]:=0.04; SRC{0,5]:20.04; :R»‘O ofi=i 04, SECLE,Thi=ilig,
SRCIO,8]:=0.04; SEC[f §1:20.04;  SEC] \,lu, f Y

SRC[L,01:=0.085; SRC{L,Li:=0.087, SRC{1,~; = ﬂ59 301,30,
SBC[1,4]:=0.062; SBCIL,5):=b.0es; SEC{L,8l:z6.07; SECIL,TIimiid,

SRC(1,87]:=0.090%; SRC{I,?I:=0 L 1k SR»LI,;bJ -J 3,
SRC[2,0]:=0.06;  SRCI2,11:=0.069; SEC[Z,20:=0.072; SECID, % izi i7%%:
SRCL2,4]:20.0795; SRCIZ2,5]:=0.085: SBC[I,8l:=0.492; SRCI2,7.zillL;
SRC[2,8]:=0.119;  SRC[Z,8).=0.145; SEC[2,Loj:=t.n
SRC[3,0]:=0.078;, SRC[3,1]:=0.08; SBCI3,20:=0.0845; S8203,30:=0.533%;
SRC[3,4]:20.094; SRC[3,5]:=0.1; SEC{3,6]:=0.168, SECT3,"Tizi..lv;
SRC[3,80:20.136; SRCID,91:=0.198; SECI3,L0]:=v.2;
SRCI4,0]:=0.086;, SRC[4,1]:=0.0895; SRCI4,2]:=0.094; SBCI4,31:=0. 3¢,
SRC(4,4]:=0.10¢; SRC[4,50:=0.1L; SRC[4,6[:=0.1199; SRC[4,71:=¢..32;
SRC[4,8]:=0.146; SRCI4,9]:=0.167; SREC[4,10]:=0.2;
SRC[5,0]:=0.094;  SRCS,1]:=0.098; SRC[S,21:=0.103;. S:C[S,l }.107;
SRC[5,4]:=0.1125; SRCIS,5]:=0.1195; SRC{S,E]:=G.130‘ SECIS,Th=h 1446,
SRC[5,8]:=0.154; SRC[S, 9] 20,172, SRC(S,10):=0.2;
SRC(6,0]:=0.1; SBC[6,1):=0.105; SRCIS,2):=0.108; SROTE,31:=(.ii%;
SBC(6,4]:=0.1195; 5RC[6,5]1=0.1285; SRC{6,0]:=0.1375; SROTg,T10=0. 047
SRC6,8]:=0.1595; SBC[6,91:20.176; SRLIG,10):=0.2:
SRCI7,0]:=0.1055; SBC[7,11:=0.1095; SRC{?,21:=
SRC[7,4]:=0.128; SRCI7,5):=0.1345; SRC[?,&}:
SBC[7,8]:=0. 163 SRC(7,91:=0.179; sRC(7, :
$RCf3,01Z=0.1105; SRCI8,1]:=0.115; SEC[e,BJ =010, SELIE ili=E LN
8,5
]

e e
;o SRCIT 3

4
1149,

§.043, SROIT,Teed
RIS

3
V.
v

o6,
SRC(8,4]:=0.1335; SRC[8,5]:=0.139; SRC[8,6):=0.1475; SRCS, 7‘ ‘“ iSé;
SRC[8,8]:=0.167, SEC[8,9]:
SRC(9,0]:=0.115; SRCI9,l]:=0.12, SRC[S,2f:=0.128;  SRC! 9 s R}
SBC[9,4]:=0.1375; SRC(9,5]:=0.144; SBCIS,6]:=6.1505; SRCI9,7):=i 1595;
SRC(9,8]:=0.17;, SRC[9,9]:20.184; SKC[Y,L0f:=0.2;
-SRC[10,0]:=0.12;  SRC[L0,11:=0.126; SRC'IU,ZJ:’I 131, SECILe Bsliyg
SRC[L0,4]:=0.1415, SEC[L7,5]:=0.L48; SKI{LD, oI =h. .54 SR, i}
SRC(10,8):20.1725, SRC{10,9):=0.186; SEC[10,ie; 6.2,

=0.180%; SRC[&,IU’ 2.2,

B:=ROUND (MSHEW/10.0),;4:=ROUND (RSFHEW/ L1501, SWELLRATECONS =527 7% 31,241,




........................................................................

FUSCTION POTVERRISE,
VAR J,II,API,BPL,LTE,BBR IRTEGEE,
VR (BRERYILOLS,¢ T OF RRLL,
hAd :EEAL;
BEGIN II:=l; REPEAT JI:=[I*5; INC{IL}; :
UNTIL PIBEWCT;ARI:=ABS(ROUND(J/5.0)-3); BEL:=ABSIRGURD({I-5.0¢ S.00-%)

CASE MCHEW OF ¢77¢ (Migimum Conditiag)
BEGIN IF PILHEW)50 THEN BEGIN PTHEYW:=%) ;ARI:=",8Fl.=7, EMND,
LT8:=ROUND{LTHEY/5.6¢); IF LTHEY 30 TEEL L16::7;

VEIL0:=0.8;  VR{LLD:sLogy o RIL LG

VRIL, 4=l 4y VRILSh=Ld; VRILELEL,
VR{2,0]:=0.4; CWRIZ,L1:E28; YRS 3,;::'4 o, VB3
VE[2,4]:25.4;  VE!D,5]i=5.4;  VE[2,8l:ef, VEILTIES
VRI3,00:22.0;  VR{3,Ll:=5.0; VRIIDL -3 3,0 TR
VRI3,4):200.2; VE{3,5h=l0.2; VEIR,81:c16.l; VEIR, 7Ll
VR4,0]:23.0; VR{4,L]:=6.8;, VK 4,~1 2200 TR, 3;"1& 3,
VRI4,4]:=15.0; VR[4,5):=15.0, VR4,60:=15.00 Vi, ;:»;v ‘

VR{§,0]:24.0; VR'S 11:=8.3; VRIS, 3 218.9; YES, Y
VR[5,4]:220.5; VRIS,5]:=21.0; WRIS,6]:=21.0; VE(S,T '2‘,l;
VR{6,0):=5.0, VE[4,L].=L0.0; VR(6,211=19.5; VR{G,&i:‘Z%.&;
VR[6,4]:=25.8; VR[6,5]:=26.9; VEK{6,8]:=27.5;, VEis,7}:=00.5;
YR[7,01:36.0; VR[7,1]:=1l.6; VR{7,2]:=24.¢; WRIT,3[:=19.5;
VR[7,4]:=32.6; VR[7,5]:=35.0; VR[7,6]:=36.5; VE{?,7]:=36.9;
VR[S,OI:=0.0; VR{8,1]:=0.0; VR[B,2]:=0.0; WRIB,3l:=0.0;
VRIS, 41:=0.0; VR(8,5}:=0.0; VRI8,6):=0.0; VEI§,7]:=0.0;
VR(S,00:=0.0; VR[9,L]:=0.0; VRL9,21:=0.0; VAL, 3l:20.4;

YRI9,4]:=0.0;  VBI9,8]:=0.0;  VRI9,6i:=0.6;  VE{9,Tlisili,
VRIL0,00:=0.0; VR{L0,L]:=0.0; VR{lD,Z}:ZD.ﬁ; VEOLo, 3, =i,
VRIL0,47:=0.0; VE[L0,5]:=0.0; VE[10,8]:=0.0; VRIL0,7]:=b.y,
YRILL,00:=0.0; VRILL,L}:=0.0; WR[LL,2]:=0.90; rRL;‘ 3 ‘~D 7,
VR{LL,4]:20.0; VR[1L,5}:=0.0; VR[LL,8%:=0.0; V& l;,"} LN
VR[L2,00:20.0; WVR[L12,1]:=0.0; VR[L2,2]:=0.§, ¥E[il, 3, EDI
YR{1Z,4]:20.0; VR[12,5]:=0.0; VR{12,61:20.0; \L'lZ,",:-n £
YR[13,0}:=0.0; VR{13,1]:=0.0; VR[I3,2§:=0.G 78013,3; 130.%;
VB{13,4]:20.0; VR[13,5]:=0.¢; VE{13,61}=0.0; VEilS,?}:SO.G;
EfD;
' §65: DBEGIN {Average Condition}
IF PINEY85 THEN BEGIN PINEW:=65,API:=10;EBI:=l4; ENI,
IF PINEW<25 THEN BEGIN PINEW:=25;ARI:=2;82I:=];EdE,;
LTB:=ROUND{LTHEY/5.0); IF LTHEW:30 THEN LTB:=7;

VRIL,00:=0.0; YR[L,L]:=0.0; ¥R[L,2}:=0.0; WR[L,3]:=0.0;
VRIL,4]:=0.0; VR{L,5]:=0.0; VR[L,6]:=0.0; VE[L,7]:=0.0;
VR[2,0]:20.5; VR{2,1l:=0.8; VR{2,2[:=1.0; YR{l,3l:=L.0;
VR[Z,4]:=1.0; VB{Z,5):=1.0; VR[Z,8]:=L. 0 VEI2, 7L 0,
YR[3,00:=1.0;  VR{3,tl:=2.0;  VRIY,2f:=3.0; YRIZ,3D:=Ls:
VE[3,4]:=3.5; VE]3,9):23.5; VB[3,6]:=%. 5 YET3, Tl E
VR[4,0]:=1.5; VR[4,1]:=3.8; VR[4,2]:=6.0; VR[4,3}:=7.J;
YR{4,4):=7.0; VE[4,5):=7.0; VR[4,6]:=7.0; VE{4,70:=7.0
VR{S,0[+=2.1; VR[S,1]:=5.5; VR{S,uI =§.0;  VRIS,3: ~lq 5
YR{5,4]:=10.1; VRIS,5]:=1L.1; VR{E,G]:ZII.I VE{5,7]:=ll. l,
VR{&,0]:=3.0; VR{e,1[:=7.0; VR&,2]:=12.0; YRis,3):clil;
VRI6,4]:=15.9; VR[6,5]:=15.3; VR[6,8]):=15.3; VEl¢,7).=15.3;
VR[?,O] =4.0;  YR[7,1]:=8.3; YR[7,21:=L&.0; YR[7,3]:=19.0;
{ ALiz2008; VR(7,5):=2100; VRIT,e]:=2l.0; VBT, 7Dl
VR(8, 4]

§,00:=4.8; VR[8,1]:=10.0; VR[S, 2]:=19.0; ¥R{3,3[:=13.0;
=25.0, VR[8,5]:=25.8; VR[8,6]:=28.4; VE[§,"i:zl8.4;
VR(S,0]: 5 4, VRS, L]:=10.0; VRIS,2[:=22.0; VR(9,31:28.3;
VR[9,4]:229.0; VE[9,5]:=30.5; VR[9,6}:=31.5;, VRI9,Tl.=3L.5;
VR[10,01:=6.2; YRIL0,1]:=12.0; VR[10,2]:228.0; VRILD,3]:=30.4;




VR{10,4]:=33.4; VE{10,5):=36.0; VR[10,8]:=36.8; VE{16,7]:=37.3,
VRI11,00:=0.0; VRILL,L1):=0.0; VE[LL,2]:20.0; VR{IL,20:=0.0;
VRI11,4):=0.0, VRIL1,5]:=0.0; VB[IL,6}:=0.0; WR{LL,71:=0. 0
VB[12,0]:20.0; VR[12,1]:=0.0; VR[iI,2}: -0 0 VRIL2, 3)e=0.0
VR(12,4]:20.0; VE[12,5]:=0.0; VR[12,6]:= VE| 12,7}.-0 0‘
VB[13,0]:20.0; VR[13,1]:=0.0; VR[13,ZI:=0. Ver3 1=
VE{13,4]:=0.0; VR{13,5]:=0.0; VR[13,6]:=0.0; VE[13, /] -0 '
END;

$79. BEGIN [Optimum Condition)
IF PINEW(3S THEM BEGIN PINEW:=35;API:=4;BBL.=4,END;
LTB:=ROUND(LTNEW/5.0}; IF LTNEW;30 TREN LTB:=7;

VILO01:=0.0 VR(L,1[:50.0;
N R iy
VR[2,01:=0.0; VR[&,l] b, v
[
]

B[ VR{L,21:=0.9;  VRIL,3[.=0.0;
1, BIL1,60020.0,  WRIL,7i:=0.0:
0]:=0.0 [3,2]:20.0; TRI2, 302000
VR{2,4]:=0.0;, VB2, ] 0; VR ,6]‘= ; E[Z,’].'@ ¢,
VR{3,01:=0.0; VR[S, lI =0.0; YR{3,2]:20.0; YRI3, 302004
VR[3,4]:=0.0; VR[3,5]: VB{3,8]:20.0; VRIS, 716
VR[4,0]:=0.6; VR[%,lI:il.U; VR'%,ui zl.4; VRI4, 30004,
VRI4,4]:=1.4;  VRI4,5):=1.4;  VRI4,6]:= 4; VRI4,71:=1.4;
YR[S,0]:=1.0;  VR{S,L]:=2.0; VR[5,2I12 ¢ VRS, 31 ] 4
VRI5,4):=324; VRIS,5]:=3.4; VEIS,8]:=3.4; VEI

5,7
VR{6,00:=1.5, VR[§,1]:=3.2;  WR[§,21:=8.3; VRIS

R
N
o
"
“

VR6,4]:=8.0; VRI6,5]:=6.0; iz ,7;::5 }
VR[7,0]:=2.0; VR{? 1hi=d g WRIT,2]::8.4; k.7, 3002900,
VR[7,4]:=9.5;  VR{[7,5]:=%.5;  WVR[7,6]:=9.5; VBRI, Ti:zg%,
VR(8,0[:=2.8; VRI3,l]:=6.9; YR{8,2]:=10.2, VR{3,31:=Ll1.0;
VR[8,4]:=12.8; VR[8,5]:=12.8;, VRI8,6]:=12.8; VB{:, RS
VR(9,00:=3.0; VR{9,L[:=7.0; YRIG, 21e=l2.8; VE(S,301:=19.6:
VRIS,4]:=16.5; VR[9,5):=16.9; VRIS,6):=16.5; VEIY, } STURY
VR{10,0]:=4.0; VR{L10,1]:=8.3; VR[L(,2]:=15.6; ’R‘lU 3 SENK
VRIL0,4]):220.0; VRIL10,5]:220.8; VRI10,6]:=20.8; VRILC,7):=20.%;

VRILL,00:=4.8; VR{LL,t]:=9.7; ¥R[LL,2]:=18.0; V&[LL,3] ‘“".J,
VRI11,4}:=24.0; VRILL,5]:=24.8; WR[LL,6):=28.0; VR{11,7]:=25.0;
VR{12,0]:=5.0; VR[L2,1]:=10.5; VR[lg,ul"’l.O; YRIL2,30:225.4;
VR{12,4]:=27.7; VR{12,5]:=29.0; WVRI[12,8]:=30.0; JE{i:,TI,'3L v,
VR{13,0]:=6.0; WR[13,1]:=1L1.5; VR{13,22:224‘0; TRiL1, 3
VR[13,4]:=32.0; VR[13,5):=34.0; VETL3,8):=35.0; VE113,"}::35‘4,
EHD;
END;

AAA:=VR[API,LTB]-VR(BPI,LTB],BBB: =PIHEW-({I-5};
POTVERRISE:=ABS(( (AAA*BBB/5.0)+VR[BPI,LTB]}/10.0);
END;

FUNCTION GetPSISWELL; VAR A, BB,CC:EEAL; BEGIN

AR:=(-1,0)*(SRCONS)*TIME; BB:=1.0-BXRi%A);  CC:=(.)4335*PVRISI-SRUTY
GetPSISWELL:=CC*BB; ENE;

FUBCTION GetPSIFROST; VAR AA,BB,CC:REAL; EEGIN

AA:=0.01*FHPUEW*PSINAX;  BB:=0.02*FHRMEW'TIME; ©oC:=l.§-Bi3i-1..*i88).,
GetPSIFROST: =ABSIAA*CC;

FUNCTION GerAZMODUL; VAR A2:REAL;  BEGIM

LVAL:=ROUAD(LVAL/10000);  IF LVAL40 THEN LVAL:=40;

IF LVAL=0 THEN AZ:=0.0;  IF LVAL=L THEY &2:=1.24;
IF LVAL=0 THEN AZ:=2.48; IF LVAL=3 THEN A2:=3.37%(;




IF LVAL=4 THEN Al:=4.96; IF LVAL=5 THEN Al:=%.1(,
IF LVAL=6 THEN A2:=7.5L; IF LVAL=" THEN A2:=8.8I,
IF LVAL=§ THER AZ:=1(.13; IF LVAL=9 THEN Al:=li.34;
IF LVAL=10 THEN A2:=12.7%; IF LVAL=11 THEN Al:=13.9%;
TP LVAL=12 THEN A2:=15.17; IF LVAL=13 THEW Al:=18.38;
IF LVAL=14 THEN A2:=17.59, IF LVAL=15 THEN A2:=18.3;
[F LVAL=1¢ THEN A2:=19.5C; IF LVAL=17 THEN &2:220.24;
IF LVAL=18 THEN A2:=20.96; IF LVAL=19 THEN A2:=11.88;
IF LVAL=20 THEN A2:=21.4; IF LVAL=I1 THER Al:=13.(;
IF LVAL=22 THEN A2:=23.4, IF LVAL=23 THEY AL:=li.%;
IF LVAL=24 THEN A2:=14.8; [IF LVAL=25 THEB Al:=28.4;
[P LVAL=26 THEN A2:=25.82; [F LVAL=27 THEN Al:=ls.24
IF LVAL=28 THEN AZ:=2¢.66, IF LVAL=29 THEN Al:=27.0%;
IF LVAL=30 THENW 42:=27.5; [F LVAL=1L THEW 42:=18.J;
IF LVAL=32 THEN £2:=28.5, IF LVAL=33 THEW Al:=29.¢;
IF LVAL=34 THEN 42:229.7%, [F LYAL=3% THEN &2::3%.%;
IF LVAL=36 THER A2:=30.48, IF LVAL=37 THEN A2::30.9¢t,
(IF LVAL=38 THEN A2:=31.44; IF LVAL=39 THEY A2:231.9Z,
IF LVAL=40 THEN R2:=31.4,

GetA2MODUL:=42/100.9, EAD,
FUNCTION GetAZMARSHALL, VAR Al:REAL; BEGIH
LVAL:=ROUND(LVAL/50)*80;  IF LVAL)1800 THEN LVAL:=1800;

IF LVAL=0  THEN A2:=7.0,  IF LVAL=50 THEY A2:=8.05;
IF LVAL=100 THEW A2:=9.5,  IF LVAL=150 TEEW a2:=11.1l%;
[F LVAL=200 THEN AZ:=12.7%; [F LVAL=I50 THEY 31:=13.37%,
IF LVAL=300 THEN A2:=14.4; IF LVAL=350 THE§ Al:=15.Z,
IF LVAL=400 THEY A2:=lo.u; IF LVAL=450 THEN Al:=ls.{,
IF LVAL=500 TEEN A2:=16.8; IF LVAL=850 THEN A2:=1".7,
IF LVAL=600 THEY aI:=17.8; [F LVAL=e30 THEN &1:=13.5%,
IF LYAL=700 THEN A2:=18.2;, IF LVAL=TS( TEEN Al2:=15.3%,
IF LVAL=800 THEW A2:=20.5, IF LVAL=850 THEY Al:=1L.03,
IF LVAL=§00 THEN A2:=22.0; IF LVAL=95C TEEN 2l:220.%,
[F LVAL=1000 THEN A2:=23.1;  IF LVAL=i(50 THEN Al:=I3.7,
[F LVAL=1100 THEN 42:=24.2; IF LVAL=115¢ THEK A2:=l: &%,
IF LVAL=1200 THEW A2:=25.1; IF LVAL=119) THER Al:=13.83;
IF LVAL=1300 THER A2:=2¢.2, IF LVAL=1350 TEEN Al:215.85,
IF LVAL=1400 THEN A2:=27.5;  IF LVAL=L450 THEY 42::=07.95;
IF LVAL=1500 THEN A2:=28.4;  IF LVAL=1550 THEN Al:=29.(%;
IF LVAL=1600 THEN A2:=19.7, IF LVAL=1§50 THEY 42:210.35,
IF LVAL=1700 THEE A2:=31.0; IF LVAL=175( THEK &2:=1L 4;
IF LVAL=1800 THEN A2:=31.8; IF LVAL=1850 THEY 8I1::3I.4;
IF LVAL=1900 THEN A2:=33.0;

GetAMARSHALL:=A2/100.0;  END;

..................................................................

FUNCTION GerAZMARSHALLMR; VAR MR:LONGINT;,  BEGIN
LVAL:=ROUND(LVAL/50)*50;,  IF LVAL)1900 TEEN LVAL:=:3(¢,

IF LVAL=0  THEN MR:=50000;,  IF LVAL=50  THZY MR:=52501,
IF LVAL=100 THEN MR:=75000;  IF LVAL=150 THEN Mk:=8750;
IF LVAL=200 THEN MR:=10000; IF LVAL=250 THEN MB:=113049;
IF LVAL=300 THEW MB:=120000; IF LVAL=350 TEEN MB:=125000:
IF LVAL=400 THEN MR:=130000; IF LVAL=450 THEY MR:=13283(;
IF LVAL=500 THEN MR:=135000, IF LVAL=SS0 THEL ME:=137%0(;
IF LVAL=600 THEY ¥R:=140000; IF LVAL=650 THEYN MR:=1431,%;
IF LVAL=700 THEN MR:=156000; IF LVAL=0S0 TEEN Mp:=is2S0l;
IF LVAL=800 THEN MR:=175000; IF LVAL=850 THEY ¥R.:1825);;
IF LVAL=300 THEN MR:=180000, IF LVAL=980 TEEL X&:=2:506¢;




IF LVAL=1000 TBED ME:=220608;  IF LYAL=1050 TEEN ME.=1lfoef,
IF LVAL=1100 TEEN ME:=23G000;  IF LVAL=1LS0 TEEM ME. MERCES
IF LVAL=1200 THEN MR:=237500; IF LVAL=il50 THER ME: *"c“‘
IF LVAL=1300 THEN ME:=2750¢0;  IF LVAL=1350 THEN Ki:=287%¢
IF LVAL=1400 TEEN MR:=30000¢, IF LVAL=1450 THEN Hp:=31S(i(,
IF LVAL=1500 THEN MR:=330009;  IF LVAL=(550 THEN MR:=3i00.0,
IF LVAL=1600 THEN MR:=35G000;  IF LVAL=165¢ THEN ME:=3e0:ul7,
IF LVAL=1700 THEN MR:=370009; IF LVAL=L750 THEN MR:=3800:(,
IF LVAL=1800 THEN MR:=3%G¢06;  IF LYAL=1850 TEER ME:=408300,
IF LYAL=1500 THEY MR:=420009;

GetAIMARSEALLMK:=NR,  ELZ;
FUNCTIOH.GetAZHODULCEMENT; VAR A:REAL;,  BEGIL

LVAL:=ROUND(LVAL/25000)*25000; IF L¥AL LL0G090 THEN L7AL.=L13ilii;

IF LVAL=0 TREN AZ:=0.0; IF LVAL=8000  THEW 22:0.50,
IF LVAL=50000 THEN A2:=1.04; [IF LYAL=79000  THEN aZ.=i.93;
IF LVAL=100000 THEN Al.=l.08; IF LVAL=125000 TEER Al :“.b
IF LVAL=150000 THEW A2:=3.18; IF LVAL=175000 THEN Al:=1.90,
IF LVAL=200000 THEN Al:=4.84, IF LVAL=I25000 THEM A’ SRES
IF LVAL=250000 THEN &1 -6.0; [f LVAL=175900 THEY AZ.=6 53,

TE 1UR =0RNNN 'I‘UT.‘l'i lﬂ Cled 1 Al I)I VAL nf  MRBE ¥, . JF .
S UTRLTIVVITY =i , ER) VA= JuJU UV Ll o™ LJ,

2
IF-LYAL=350000 mHEH &" 3.2, IF LYAL=375000 THEN A2:=8.7%,
[F LVAL=400000 TREN AZ:=5. 32, IF LVAL=425000 THEL Al:=9.35;
IF LVAL=450000 THEN Al:=i0.26; IF LVAL=479000 THES '“.‘;*431
IF LVAL=500000 THEN A” ILg; IF LJﬁL'5256(x THER £2:=100¢,
IF LVAL=559000 THEN Al:=13.7, IF LYAL=373000 THEIY Alizlig
IF LVAL=600000 TEEN R2:=15.4; IF LVAL=§280¢v TEEN 21l %)
IF LVAL=050000 THEN A2:=17.25; [IF LVal=s7800v THIL ali=i§.o;
[F LVAL=700000 THER A‘."’S 0, IF LVAL=T2500u TEEM RI:=18.7,
IF LVAL=750000 THEN A2:=2¢.5; IF LUAL=775003 THES %2:'~i 3;
IF LVAL=800000 THER AZ:=21.5, IF Lval=22%u00 TEEM A, gu.u.
IF LVAL=850000 THEN AZ:=22.7 IF LYAL=375000 THEY A5:=20.8
IF LVAL=900000 THEW Al:=24.(, IF LVAL=928(00 TEEW Ll:= .4 5,
IF LVAL=950000 THEM A2:=25.3, IF L¥aL=97S0td THEY '°,"5
IF LVAL=1000000 THEN AZ.-25.4, IF LVAL=10I500¢ TEEK AL
[F LVAL=1050000 THEM al:=I7.8; IF LVAL=LU73(90 THEY % : ‘5;
IF LVAL=110000¢ THEN A2.=29.5;

FUNCTION GetSl; VAR AA,BB,CC,DD,EE,FF,GG,HH,SQ (2EAL;  BEGIA

SN:=0.01; REPEAT
AA:=ZR*OSDHEY; BB:=i 9. 36 *LA{SUsL. 00 L LDy
CCos{2. 32 LR} /LEILO.0);-18.671-10.20);
DD:=LE(SYI/(2.7))/LMCL0. 0y, EE:=EXP((5.19)LU(SH-1. 05,
FF:=(0.40)+{1094.0/EE); 55:=AA+BB+CC+ DI/ FF
HE:=LB(W82TIME)/LE(L0.0);  SH:=88+0.0L;

UNTIL ABS{HE-GG)<0.01;
GetSH: =84 EAD;

FUSCTION GetW82;, VAR AA,38:REAL, BEGIY
AR:=(DDFHEW/100.0)* {LDFNEN 100.0)*ESAL HEW,

BB:=EXP(TIME*LN[L.0+{EGRUEW/ L0V.vi))-L.0;
GetW82:=ADS(AA*(BB/|EGRREW/100.0})),

FUNCTION GetW82FROMSH, VAR 23,BB,CC,DD,EE,FF:REAL,  3EGIY




AA:=LH(STI/2.7)/LE{10.0); BB:=ESB(S. 18°LEiSrL ) );
CC:=(ZRAOSDEEW+(9. 36+ LHISHe 1. 01/ LH(10.0));
DD:={2.32¢LU(HR)/LA(L0.0)1-8.27; EE:=0.40+(1094.0/BB);
FF:=CCHDDHAMEE); .

Gotd82FRONSH: EXPIFFFLE(10.0)1; - B,
FUCTION GetTIMEFrom¥8Z; VAR Ah,BB:REAL; BEGIN
Ak:=(DOFHEW/100.0)* (LOFNEW/L00.0) *ESALYEY;

BB:=((WB2TINE/AA)* (EGENEW/100.0})41.0;
GetTINEFron¥2:=ABS | (LY (BB} /LU(L.O+{EGRUEW/ 100.0))));  EAD;

{
FUNCTION GetOVERLAYRLx; VAR AA,BB:INTEGER,
' BLx: ARRAY[U .25,0..8] OF INTEGEE,
BEGIN .
IF Pt1>4.5 THEN PT1:=4.5; IF Pcl{2.0 YHEN PT1:22.0;
IF SH)6.5 THEN SH.=6.9; [F SN<2.5 THEN SH:.=2.5;

AA:=ABS(ROUHD (ROUND(TRUNC(PtL1*100.0)-200.0)/10.0));
BB:=ABS (RQUND(ROUND(TRUNC(SH*10.0)-25):5}),

2 RLx(0,2]:=d;  RLa(D, s
6;  BLxl0,8]:=7; BLul0,7]:=7,
2 f1,11:=5;  RLx{l,2]:=7;

RLg{0,0]:=1; RLx{D,1]
" RLz[0,41:=%;  RLx[0,5]:
RLx(0,8]: ~8, RLx{L,0]

RLx{L,7]: -15 RLx[l 8] 17 Rlz[2,0]:=4; BLz[2,1]:=8;
RLx[2,2):212; BRLx[2,3):=15; BLx|[2,4]:=18; RLx[2,5]:=20;
RLx[Z,GI:SZZ' BLx{2,71: ”4 Rx{2,80:=18; BLz{3,0}:=5,

BLx{3,0]:=13; BLx{3,2]:=16; BLx(3,3]:=20; BLx{3,4]:=l4;
BLx(3,5]:=26; RLx[3, 61 230 RLx(3,7]:=32; RLx[3,8]:=33;

BLx[4,0]:=8, BLx[4,1]:=17; RLx[4 2]:=22; RLx[4,3]:=’7;

RLx(4,4]:230; RLx[4,51:=35; BLx{4,6]:=37; BRLx[4,7]:=

RlLg]4,8):=41; RLx[5,0]:=10; RLx[5,1):=22; BRLx{§,2):= 8 )

BL2{5,3]:=34; 8Lxz{5,4]:=38; RLx[S,5]:=42; RLx(S 8]::45;
RLx[5,71:=47; BLx[5,8]:=49; &Lx[6,0]:=13; BRLz[6,1]:=25;
BLx[6,2]:=33; BLx{s,3]:=40; RLx[6,4I1=44; RLzle,5]:=49;
RLx[6,6]:=51; BLx[6,7]:=53, BRLxz[6,8]:=55; RLx[7,0]:=15;
BLx[7,1]:=30; B8Lx[7,2]:=38; RLz[7,3]:=85, RLxi7,4]:=49;
RLz[7,5]:=55; BRLxl7,8): '5“ BLz[7,7]:258; ©Rix{?,8]:=62;

BLx{8,00:=17; RLx(8,L]:=3¢; [8,.1 243; RLx[8,31:=8d;

BLx[8,4]:=55; BLx[8,5]:=61; RLX 8,60:=63; BLx[8,7]:=85;

BLz(8,8]:=66; RLxz[9,0]: 19 RLA[? 1]:237, BLg{9,2]:=47,

BLx[9,3]:=56;, ELx[9,4]:= RLx[9,5]:286; RLx[9,6]:=68;
BLz[9,7]:270; RLx[9,8]:=7Z; BLz[10,0]:=22; RLx[10,1]:=42;
RLz[10,2]:=53; RLx{10,3]:=62; RLx{10,4]:=65; RLx({10,5]:=71;
BLx{10,6]:273; RLx[10,7]:=75; RLx[L0,8]:=74; RLx{ll,0]:=28,
RLx[11,1]:=45; BLu(1L,2]:=57; RLx[LL,3]:=67, RLn»'l,4}'"7‘;
BLx[11,5]:=76; BLx{11,6]:=78; RLx[LL,7]:=79; RLx{lL,8]:=8L;

BLx[12,0]:=29; BLx[12,1):=50; ELx[12,2]:=62; RLx{12,3]:=7L,

RLz[12,4]:276; BLx{12,5]:=80; RLx{12,6]:=82; BLx[12,7]:=83;

BLx[12,8]:=84; RLx(13,0]:=33; RLx{13,11:=54; BLx{13,2]:=b¢,

RLg(13,3]:=75; RLx{13,4]:=80; RLx[l3,5]:=84; BLx[13,8]:=85;
RLx[13,7]:=87; BLx[13,8]:=88; BLx{14,0]:=36; BLx[l4,1]:=58;
BLx[L14,2]:=70; BLx[14,3]:=80; BLx[14,4]:=84; BLx[14,5]: 33
BLe[14,6]:=88; BLx[14,7):=89; RLx[14,8]:=91; BLg[15,0}:=
RLx[15,11:=53; RLX[15,21:=74; RLX[15,3I:=83; RLK[15,4II=88;
RLx[15,5]:=90; BLx{15,6]:=91; RLx[15,7]:=93; RLx[15,8]:=84;

BLz[16,0]:=44; BLx{16,L]:=68; BLx[l4,2]:=74; RLx[L6,3I:=8?;

RLx{16,4]:=90; RLx[16,5]:=93; RLz[16,6]:=94; Blz{le,7):=95;

BLx[16,8]:=96; RLz[17,0]:=50; &Lx[17,1):=72; RLs ’l’,ul =82

BLx[17,3):=90; RLx[17,4]:=93; BLx[17,5]:=9%; BLx[17,6]:=9¢;

RLx[17,7]:=97; RLx{17,8]:=98; BLx{18,0]:=56; BL&[18,1}:=77;
BlLx{18,2):=86; BLx{18,3]:=93: RLx{1%,4):=95; BLx[18,51:=97;
BLx([18,6]:=98; BLx{18,7]:=98; RLx[18,8]:=99; BLx[19,0}:=83;



RLx[19,1]:282; BLy[19,2]:=90; RLx[19,3]:295; BLa[19,4}:738,
RLz{19,5):299; BLx[19,6]:=99; BLy[19,7]:=100; BLallg,8li=ltg,
BLx[20,0]:=73; BLx[20,1]:=88, BLx{20,2):=G4; BLxi20,31:=9¢8;
BLx[20,4]:299; BLx[20,5]:=100;BLx20, §1:=100;8Lx{20, T i=L00,
BLx[20,8):=100;RLx{2L, U] =85 BLx{21,1]:=96; BLz{2L,2]:=98;
BLx[21,3]:=100;RLx{21,4]:=100;RL]2L,5]:=100; JRLxial,e)=lo0,
BLz[21,7]:=100;RLx[21,8]:=100;RLr{22,0]: =100:RLx[22,1]:=100,
BLx([22,2]:=100; RLxlha, 102100 RLx[22, 412100 RLx {22, 5] =100,
RLx[22,6]:=100;BLs{22,7] =100, RLx]22,8] =100, Elx[23,01:=100;
RLK[Zl,llZZIOG:RLﬁhll 21:2100;BLx!23,3] =000, 3L x\~3,%§:=lﬁﬁ;
RLX[!J,S]:=lOO;RLx{23,6I:=100;EL1123,7}:=106;ELx;23,8}::106;
BLx[24,0]:=100:RLx(24,1]:=100,8Lx[24,2]:=100;RLx{ 24, i ’Uﬁ
' RLX[24,4]2=100;RLX[14,5II=100;RLX[24,6] =100;8Lx[24,7 =10
BLx[24,8]:=100;RLx(25,0]:=100;RLx[25,1]:=100;RLx 25, "‘.'T“U
BLx[25,3]:=100;RLe[25,4]):=100,RLR[25,5] =000, BLa{ 25, 6] =100,
BLx{25,7]:=100;RLx[25,8]:=100;

GetOVERLAYRLx:=RLxz|AR, BB};  END;

[(t)(t)(t)(t)(*)(k)(t)it}\t,fk NETLITEATEITEA TSN SEL IR RV N
(¢t UBIT PRCGRAK PRINTING OUTPUTS tc FIL E PEILTE
((t)(t)(t}(t)(t)(ﬂ(t\ LTENSEIEETE A N K t IR IR DU 0
{§0¢,F+ Nt B¢} UNIT QUTRUTS, TEEFA»E
USES DOS,CRT,IHPUTS,SCREENS,PRI&TER,COHPUTE;

VAR I . INTEGEE,
HEWKPP,QVERAGE, TIMES JREAL;
FILELENGTE . INTEGER,
PROCEDURE FILEQUTRUT(VAR PRFILE:STRINGI, [MBLEMENT TIC

PROCEDURE FILEQUTRUT, LABEL ATLA,ATLAL,ATLAZ, war F:TEZT
FUBCTION IatToStr(i: Longlnt): string;

YAR s: string{l7];BEGIN Strii, s);IntToStr := s; ElL,
begin Assign(F,PRFILE); ReWrite(F);

WritelB(F, ¢

Urite(F,'lér FLEXIBLE BIGHWAY PAVEMENT DESIGK PROGEAM
GetDate(YEAR MONTH, DAY, DATOFWEER);

DATE:=CONCAT(' * MONTHS[HOTH],' ', IntToStr(DAYy,’/’,IntT0Str{YEAE),

FILELENGTH: =LENGTH(DATE);
IF FILELENGTH(18 THEN BEGIN FOR Il.=1 TO 18-FILELENGTH DU BEGIH
Write(P DATE) WritelN(F, #179)

Writell(F,’

Write(F,’ |4 INITIAL PAVEMERT STRUCTURE GENERAL DATA BLOCE +§'§;
Weite(F,” [Filename]:’);Write(F FILENAME, ¥ritelM\F,’
WriteLN(F,’

WritelB(F,’ |NOTE !
Hrite(F,';Haximum Possible Performance Per:ad (year| N
Write(F MPPNEW:27) :WritelH(F #179); '
Write(F, ;Analysls Period (year)
Write(F, APNEW:27) WritelN(F, 8179},
Write(F, ilnltlal Serviceability AN
Write(F, ISNEW:27) WritelNiF, #179); ‘
Write(F, érernlnal Serviceabllity A
Wrice(F,TONEW:27) WritelH(F,8179);
Write(F, lStage Strategy Humber
Write(F,SSHEW:27) WritelN(F, 4179},
Write(F, 40verall Standard Deviaticn A
Write(F,00DNEW:27) WritelH(F, £179);

Urite(F,’|Estimated 18 kip Sizjle Axle Lcad S




Write(F ESALUEW:27);WritelliF #1791,
Htite(F,’&Directional Distribution Factor (% e
Write(F DOFNEW:27) MritellliF #1791,
Brite(F, ALaue Distribution Factor 5%,
Write(F,LDFNEW:27),WritelliF #179);
Write(F, éExponential Growth Rare 1)
Write(F, EGRHEW:27) WrirelN(F #179) .
Uritel(F, ;Reliahility Factor 1% L
Weite(F, RFNEW:27) WriteLB(F,#179), ,
WritelLH(F, 'r:—.'————__—_———"_—'—;—— : —= = = == N
Urite(F,'|s SWELLING & FROST HEAVE DATL BLOCE &;";
case SFB of §83: BEGIN Wrireld(F,” Quly SWELLING Clcnsidered “3,GCT2 4714 EAD,
$70: BEGIN WritelN(F,” Ooly FROST B. lonsidered j'i GOTS ATLLIEND:
$13: BEGIE Writelli(F,’ Both Considered AL ATLA;EHD;ERD;
Writeld(F,” Hot Considered e

P

ATLA:

Writel§(F,’} ‘ o
ﬂrite(F,’éHéTsture Supply (4 e ‘
Write(P MSHEW:27} WryitelN(F #1
Urite(F,’ !Roadbed Scil Fabric
Write(F RSFHEW:27) Writelf(¥ &L 9)‘

Hrite(F,'lPlasticity Index S
Write{F,PINEW:27) ¥ritell(F, 8179},

§
:
-
!
\

t7

Qi

Write(F,”|Hoisture Comdition T

CASE MCMEW OF #85: BEGIN Writeld(F,” Averige | 3'”; ATLALLZHD,
$77. BEGLE Wratell(F,’ H;n;m‘um calTo ATLALEED,
#79: BEGIN Writelk(F," &ptzmam 15070 ATLAL EBDE

ATLAL:

Write{F, iLayer Thickeess (iaci

Write{F LTHEW: 27} Wrivell(F #179;;

Write(F, ; 5

Write(F SPUEW:27) Writell(F #179); .

Write(F, %Frost Heave Ratz (mm/day) Ay

Write(F FHRREW:27);UritelN(F, 4179);

rite(F, lnepth of Froat Pesetration (fser) D

Write{F DFPBEW:27) ¥ritell(F, £179),

Urite(F,’ |Dra1naqe Quality R

CASE DQNEW OF #8¢: BEGIN Wrizell(F,” Yery Peori’);50T0 ATLAYEAD:
$80. BEGIN ¥ritell(F,’ ‘uvz;',;S.“. ATLADEND,
#70: BEGIN Wrovell(F,’ Fair!';; 2000 ATLA2 EUD;
$71; BEGIN Wratell(F, 308715000 ATLALEND;
$69: BEGIN WritelB(F,’  Eprellent!i;iiTe ATLAZ:END:EMD:

Writelh(F,’ .y

Swell Probability 1%}

ATLA2:

Hrite(F,'éFrost Heave Brebability %) Sy

Write(F, FHPHEW:27) ¥ritell(F,6179);

WriteLd{F,’ ' '

Writel¥{F,’ |4 PAVEMENT CONSTRUCTION MATERILL PRCPERTIES [ATL ELOCE &!'i;

WritelN{F,’ = ] o

Write(F,’| LAYER NANES '} Mrite(F,’ STRENGTH PARAMETE: j'};‘

Write(F,’ MAGNITUDE |'); WriteLH(F,’ DRAIBAGE (. R

Writell(F,"} : : ‘ AN

FOR II:=1 Td 7 00 BEGIN %rzte(? $179); WrirelF, LA:EEJAHE[IL';lS ;

CASE CBRMOD[II] OF #67: Write(F,'' CBR (California Bearing Ratic: ',
$82: Weire(F, 0 B-Yalua oy
$59; Write(F, a lasticity of Modulus F
$83: Write(F,’ l Marshall Stability R
$77: Wrire{F,’| Modulus  !Eituminous Tregted; ['y:
£79: Write(F,’| Modulus Cemented Treared) o
$85: Writerr,"! VUnconfined Compressive Strengtz *'5;

Write{P LVAL{II[:13}; ‘drire(F #1 9y Write (P HIID Ly,

WriteLN(F, 4179} ERD;

Writel8(F, = L ‘




Writell(F,'|¢ INITIAL PAVEMERT QUTPUT BLOCE

UritelE(F,’ l . - - ‘ 1
Urite(F,’| STRUCTURAL Coef. Vs Write(F," STEUCTURAL he. @',

Write(F,’ LAYER TEICE. [’I; WritelliF,” COHVERTEL YALUE ‘;';;

Writell(F,' : = ~

f0R I1:2170 7 00 BEGIH
Write(F,#179); Weite(F,A[II]:18) Wrive(F, b179);
Write(F,D{IL]: 18) Write(f, #1791, Hrlte(F KE[IT:2

k few Hax Perfcrmance Period ')

WritelH(F,
Write(F, '

ﬁrlteLB(F * Computed.
Prite(F, '[ Qverlay Yecessary For
WritelM(F,’ Years.

Write(F,SH[II]: ‘BJ;WriteiF,#l79i;

};UrzteLNfP,#l??);ENU;

————e—cr

Write(F,TINE: l‘;,

After Thiz Time Ao R OYERAGE: =abs(APHEW-TINE);
'J:Write(F,OVERAGE: 11},

ey

( +

WritelN(F, "

[F AOVERL

Write(F, l& 2. STAGE OVERLAY STRUCTURE DATA BLOCE 4§’§;
Yi=0.0 THEN :
Writeld(F,’ Yot Bequired i"

ELSE ¥ritel§(F,’

Required

e

Uriteld(F,"E

—’_l
Write(f, {LAYER NANE| "),

]

¥rite(F,'MR (psi}|"); erce{F,’ STRUCTURAL Coef . i

Write(F,' STRUCTURAL NUM. |'); WritelM(F,' LAYEE TBICL. '{'i;
WritelB(F,' b= 4%; o ; :

- Write(f |0VERLA1 Ly
WritelH(F,’ b= L L

IF AOVERLAYI (. 0 THEN BEGIN

DUITLR

FEI e

Wr1te(F,tl79t,Ur1te F,* *** First Querlay is leceaaafg Aftar
firitelF," Years

Yo WriterP TIME:S,

Over Inmitial Leyers. ‘;;WritelliiF #17¢

IF SSHEW=3 THEY BEGIN
Write(F, 8179} Write(F,’ *** Second Overlay is Necessary &frer i,

PIMES:=TINE+F
Write(F,’ Years Over First Qverlay. ~“);WritellyF #17%1;ERD

LIL; Write{F TINES:S),

ELSE BEGIN

Write(F,#179);FCR
ENDEND ELSE BEGI
Write(F,#179);FO0R IL" 073 20 BEGIH Wrize(F,’
Write(F, #179),F0k II::

T.=
L=

70 78 DO BEGIN WritelF,” “i,END;WriveldsF 4075,

e Werneld F,
B

3
/,uh,,h 1relh #L" BN

JaLni,

TG "8 DO BEGLN ¥riteif,’

Writell{F,’k
CLOSE(F);

WritelN(LST,’

WritelB{LST,’
WritelH(LST,!
WritelB(LST,’
WritelB{LST,’
Writel§(LST,’
WriteLH{LST,’
WritelB(LS?,’
WritelH{LST,’
“WriteLH(LST,’
WricelH(LST,’
WriveLN(LST,’
WritelN{LST,’
WritelB(LST,’
WriteL§(LST,’
WriteLB(LST,’
WriceL¥(LST,’
WriteLH(LST,’
WriteLH(LST,’
WritelB(LST,’
WriteLN(LST,’
Writell(LST,’
WritelH(LST,’
WriteLB(LST,"
Writel¥(LST,”

HOTE p=

*] 15 the biock where all main data were iizted.

*1 is the oame of this file #hich i3 given 12 thé program 5y

*3 is the block where SYELLING and FEOST HELVE date were lizted [with
positive gumbers if cogsldered).

*4 shows whether Swelling or/and Frost Heave iz tousifersd cr aot, or
which one is conaidered.

*5 15 the block where all main material properties eve were listed,

*$ 13 the piock where all layer nemes were lizzed.

*7 15 the biock where the strength perameter of each _ayer is given.
These are the parametsrs the u3er used to flad layer
at the charts.

*3 ghows strength parameter mageitude of eacn laver.
R-Value for subbase is shown in Biock thiz
ta 85 or 90 Llimired in the layer coefficient charcs.

*§ 13 the block. where draisage coefficiest of earh layer is listed
varylng v.o to L.4.

*10 1s the biock presenting results after prograz rusnizg.

n

for ey ampbe if

*11 13 the block where structural coefficient of each layer is listed.

*12 is the block where structural number of each layer i1z .isted.

*13 13 the block where layer thicknesses are Listed ir inches.

*14 is the block where atrength parameter of each lazyer 15 converted
10 modulus to use in computation. For exampie, if
the streagth parameter of subbase, & 24 CBE zaguitule, sbown, 15
uzed in computation aa 13500 psi mcdulus belng ccaverred.

the user.

rcefiicients |

738 13 given as




WritelLB{LST,’
WritelH(LST,’
WritelN{LST,’
WriteLB(LST,’
WritelB{LST,’
¥riteLB(LST,’
WritelN(LST,
WriteLN(LST,’
WritelH(LST,’
WriteLB(LST,’
WriteLB(LST,’
WriteLN{LST,’
WritelH(LST,’
WriteL¥(LST,"
WriteLB(LST,’

%16 15 the block pzeaentlng overlay thicknesses ané propret:

“*24 ghovs

*15 is the block presenting max. perfsrmance perio d after computing.
The nupher will be less than the map. psssibie pericrmance period
if Swelling or and Frost Beave iz coasidered.

162

*17 shows if overlay computatios i3 required oo uct.

*[§ shows the layer pame of each overlay, standard a3 dverlay ! and 2

*19 shows the elasticity modulus of each overlay. Dote thar if 1
overlay is required, values of second overlay wiil ds zero.

20 shows the structural coefficient of each overlay.

1] shows the structural aumbet of each overlay.

+22 shows the layer thickness of each cverlay 1o inches.

23 shows the year which firat cverlay must be conatructed.

the -year which second overlay

required;. '

must be constructed (if

END;  END.

[(t)(t)(t)(t)(t\(x)\kﬂx e TENTEITAITERTE ST IA AT E I TE DTS STE RER STE SER IR TS
UBIT PROGRAM CONSISTING ALL SCREENS Except for HELP SCREENS i
[ ({0
{§At,B-,D¢,Et,G4 Ft It L+ N+ ,0- R-,S¢ V4 K-}

{«

CRY RV R R (O T e e e v

{SH 15384 0 0‘57uu

UNIT SCREEES THTERFACE USES CRT, D08, GRARE,

VAR Grapblriver, GraphNode Integer,
LJIEL INTEGER;
YEAR,MONTH,DAY,DAYOFVEEE hour,minute,second, bund:Word,

DATE (STRINGTIS,

PALETTE :PALETTETYRE;

PATHHAMEHEW (STRING,
CoNsT” '

DAYS:Array |

ERERPAT:FILLPATTERNTYPE=(

PROCEDURE GEC,

PROCEDURE ywr;
PROCEDURE rwr,
PROCEDURE MAINMERV;
PROCEDURE SCREEN!,
PROCEDURE SCREEN4;
PROCEDURE PREPARERRMDATA;
PROCEDURE IKAZ;

0..6] of Striagi{9]={'Sunday’, Monday', Tueada;’, Wedseida;’,
‘Thursday', ‘Friday’,'Saturday i,

NONTHS:ARRAY [L..1l] OF STRING[S[=:i"JANUARY', FEBRUARY', 'NARCH', "4PRIL
"KAY',"JUBE', " JULY',"AUGUST','SEFTEMEER',
"QCTCBER’, "HOVEMBER', " DSCEMBE:' !,
1L, §28, §85, 333, sie 6, 1,
PROCEDURE (ER, PROCEDURE SESVEXL,
PROCEDUEE WWE, PEOCEDURE IFAZL,
PROCEDURE GWE; PRGCEDURE IEAZZ,
PROCEDURE TITLEL, PECCEDUEE S&AT,
PROCEDURE SCREENZ; PROCEDURE SCRZEND,
PROCEDURE CROSSSECTION,  PROCEDURE SESVEE,
PROCEDURE OVERLAYSCREEN,  PROCEDURE SCRZZUEL,
PROCEDURE PREPARESFEDATA,  PROCEDUEE SunnEh&h,

PROCEDURE ENDINGSCREEN,

PROCEDURE OB,
PROCEDURE BAS;
IMPLEMENTATION

FUBCTION [atToStrii: Longisti:
BEGIN Str(i, s);IatToStr

FUNCTION IntToStrRRM(i:
y;IntTeStrERK: = 5, END,

BEGIN Strii, s
PROCEDURE SAAT,

function WordToStr{w :

PROCEDURE CROSSSECTIONOVERLAY;PXGCEDULE
PROCEDURE ONBAK, PRGCEDUEL !

STREZNED;
LrF,

string, VAR 5. strimg{lli,
= g, EHD;
INTEGER): string; “AR s: stricglsl;

VAR SA:STRING[L0];

Word) : String;var . String;

begin Str{w:0,8);if Length{s/=l thes 3:="9’ +s wU 4Tastr:=3;20d;

BEQIH Ge;Time(hqur,minute,second,hund);



SETCOLOR(15),0UTTEXTAY (545,338,548}, delayidliy,

PROCEDURE ON;BEGIN SETCOLOR(LS),LINE(I,J,I+£,J1;LINELL

end;

,a.,Jﬁ.'.

SETCOLOE{18),LINE(I-1 J41, I4E-1, 0+ *5 LI RE.;«.,

LINE(I+2,342, 0402 J+ UIRE D2

a —,.'.,a. e tlTely,

LINE(I+3,7+3,[+K- 3,J+3
SETCOLOR | 8),LINE{L,J+L I¢E, J+‘},uINE

LINE(I41,JeL-L, [+K-1, JeL 1) L UR D0 E ,'
2, 1¢E-2, 4L ,,,u*REl.vL MSERINEL SN IR

LINE(I+2,J¢b-

LINE: 23,0
[+, J,I*F

.
R

,
he 1 v
Twiy

NS S RL RSB

.9

I3
als
!

LIRSS SF MLIRT TN

LINE{I#3,J4L-3,1¢E-3,3-L-3, L00E, '~Y-7,‘*3 E-3,04k-3),
LINE(I+4,J#2,I48-4,0440 0 ’hEt g, I8 i*é, L-4);

SETCOLOR(IS),LINEL L+, Jol-d Dolod Jrlm it LHENIATA

SETFILLSTYLE(LD, 14,,E%E"+‘ T4, 4E-5, 0000

: EJD
PROCEDURE ONBAR, BEGIN  SETCOLOR(L5),LIRE(I,J,I:E,J1LINELL,. ,1,5+L,,
SETCOLOR(15),LINEI«L, 2ol I+E-1, Jely, LINE  T- 0, 1oL

LINE(I+2,J#2,I00-2, 1000 IHE«Z*I ffi,lrl ‘*L-.;,
LINE(T+3,J+3, T+6-3, 0+ 30 LI0E 123,022, 0-0, 170000,

SETCOLOE(E);LINE([,J+L,I+K,J+LJ;LIHE&I 0,100, Ly,
LLHE(I+L, Jeb-1, DoB-1, el 1) L0UE Do B0, 0o 1 TR0, 0L 1)

LINE(I+2,J4L-2,

LINE(I#3,TeL-3, 1483, 0+
LIRE(I+4,T44, I*E-4 T+a

Lome

SEiy e i

SETFILLSTYLE(S,8); BAR\I+5,I+5 It
END;
PROCEDURE OFF;BEGIN SETCOLOR(7I,
EQL,

PROCEDURE CER;BEGIN SETCOLSk(LS),LINEYI,TI
SETCOLOR(8) LINE(I+], J+L, I+E, Jel); LINEY

F

K,J),u HE: :,
L0

¢

'

31 OFJL‘ I

LT TR
LIuEIT*x, T
.

\.L..a,

LIBE(I+1, 341, I4E-1 TVX:;L.IE.I~1, o
LINE(L+2,J#2,I¢E- 2,J+ b LLHE: ‘?Z
LIKE(I41, Jeb-1,I5E-1,040-1
LINE(D+2, Jeb-0, IeE-2, 0012

,_.J

-T,.4 b

Tt

P

el
Lyet

pReeTuly,

PROCEDURE bas;BEGIN SETCOLUR(S8),LINE\I,J, [+K, 1 LIRE. I,',L ] )

SETCOLOR(LS),LIRE I+, J¢L, [+, J¢L), LIRE 0
PROCEDURE ywr;BEGIN SETCOLCR{L4); EHD,
PROCEDURE WWR;BEGIN SETCOLOK(15), ENL;
PROCEDURE rwr,BEGIN SETCOLORig); END;
PROCEDURE GWRBEGIN SETCCLOR:{10);TEXTCOLCELIC:; IAL;

PROCEDURE GRC;Dajin

CLRSCR; TEXTCOLOR:™ ' TEUTEACESEQUNS: L,
for I:=1 70 25 D0 BEGIY
WRITE(#176),YRITE 678 YRITE 41
WRITE(L178) WEITE (8278 %0080 Ey
FOR J:=1 TO 54 20 BEGIH := neslor 1‘
texteolor(7);WRITE 4215, ..hi#..é, dh- £
WRITE(&177);WRITE (8177, dR.?: 8177
END;

T

TerHRITE AT AR
KEITE A9 WEDY

h- -

JARITE §_u

£216 w -

A
&..,

v'.'.

™
[

o

LV?T
&y

B

,'"7!,"4!40'
e .
o

tED e

-

1
LIS T

-
Te
’

u};EHﬁ,

D e

e My

Lte

1,00 4
s

I*R-Z,T+L 2 ‘L*JE:1+F 2,082, 140-2, 040725,
3,!*7 3,3L-3);

£
9 '2},

textcolor(15);q0toxyile, (91, WRITE L =

§0t053(10,~",HELTEauI e
gotoxy(le,2¢),WRITE e
texteolor{l4);gotouyill,2t,,

WRITE('F');delay(50, WEITE{ 'L ), delayi50  WRITE: "2
WRITE(’X"};delay(50) , WRITE( 1" ) delay (50 ; WRITE. 8" ;
WRITE(’L');delay(50) ,WRITE "8 s ;delay 50, ;¥RITS "

D) delay S0 WRITE
),delay (30 URITEL
| delayt5é:,

WRITE('B');delay (50} WRIT
WRITE(‘H');delay(50); HRI¢..
WRITE('Y');delay(50) WRITE( "




WRITE('D’);delay(50) WRITE(“A" ) delay(80) WRITEL'V" 1 delay S0,
WRITE('E');delay(50);WRITE('N");delay(50),WRITE{E" ) delay ,,
VRITE(‘N’);delay(50),WRITEC'T" ), delay 50}, URITEL" ") delay (s

WRITE('D’ ).delayQSO SWRITE('E’);delay(50) ,WRITE{'S");delay(5
WRITE('L’);delay(50) ;WRITE('G"};delay(50 ), WRITE( N} delay(s )
~ WRITE(* *);delay(b0};

WRITE(‘P'):delay(50);WRITE "¢} delay(50) WRITE " 1 delayiSd,
WRITE('g’);delay(50),WRITE("r");delay (50, WRITE("a") delay 50},
WRITE(‘n’');delay(50};

textcolor(15+blink);gotaxyi3L,19);write(" — Runnlng ... — "

DELAY(1500);

textcolor(15);gotoxy (3L, 15} for 121 to 19 do write(sI.9),
textcolor{0});gotoxy(21,20);

for i:=l to 43 do begin write{” ');delayi 30 rend;
gotoxy{40,5);TEXTCOLOR {15} PATHRAMENEY: =paramstrid)

delete{pathnanenew, (leagth{PATHNAMENEW)-10),L1);
DETECTGraph{GraphDriver, GraphMode);
InitGraph(GraphBriver, GraphHode, pathpamenew!,

IF GraphBesult <) grOk thes BEGIN

GotoXT (L4, 11} TETCOLOR (151 ;
WRITE(' = =1,
TRXTCOLOR(14+BLINE) 4RLTE,  ERECR ),

TEXTCOLOR(L15} ,WRITEL k= JyREXTCOLOE LS, Sotort:

WRITE(’ 1 10U BC GRAPﬁICS CAZD IMPROPER FOR THIS PROGEAY or "4,
GotoX¥(L14,13);

WRITE('{ egavga.bgi FILE IS ABSENT or HGT I[N the DIRECTCRY
GotoXV(14,14);

WRITE('l THAT YOU ARE WORKING. PROGRAM WAS DESIGHE) FOK v -
GotoX¥(l4,15),

HRITE('$ VoA 640%480 RESQLUTION GRAPHICS CARDS e
TEXTCOLOR{10+BLINE);

GotoXY(14,16);
VRITE('&
TEXTCOLOR{15);
Gotod({14,17);
WRITE{ e 47,
GotoXT(14,19); WRITE({' £

LEASE CONTROL THEM and START AGALN. P

4,10

TEXTCOLOR(15);
GotoX¥(14,20); WRITE("| ¢ Press Aoy Fev To Quit Process
TEXTCOLOR(LS);

GotoX¥(14,21); WRITE('!

GotoXV(40,5) :8esver;sesver sesver;
repeat until keypressed;CLRSCR;HALT(L); END; END.

PROCEDURE TITLEL;{------------ BASHTO TITLE ~-emmmemmmmmemmeaees f
VAR A:INTEGER;P: pointer;Size: Word;E:CHAR,
BEGIS
(learviewport;GetPalette(Palerte) ;Sethkcolori?);
SETTEXTJUSTIFY(1,1);

L:=10;]:=100 K. =449, L. =460 ;CER;
SETCOLOR(S);
FOR A:=1 TO 100 DO LINE(79+A,479,275+4,0);
getcolor(15);SETLINESTYLE(0,0,3);

Settextstyle(0,HORIZDIR,2);SEYFILLSTYLE(L, {)



BAR(10,170,145,205);1:=10,;:=170,F.=135,;L: =38, CE2;
SETCOLOR(7}, Outtextk¥(90,190, "AASHTO '),
SETCOLOR(15); 0uttextXY185,185,'AASHTO I

Size := ImageSize(l0,170, 142,2U6); GetMem(P, Sizet;
GetImage{10,170,142,206,07)

SETVIEHPORT(11,170,145,210,CLIPOH};CLEARVIEWPORT;
SETVIEWPORT(0,0,839,479,CLIRON),
FOR A:=11 10 175 DO BEGIN Putlmage{d, 170, P", NOTPur);ED;

SETLINESTYLE(0,0,1};
Sattextstyle(0,HORIZDIR,1),;
1:=467;7:=10:K:=164;L:=400;0LBAR,
satcolor{15};

Outtext¥¥{549,70, ‘FLEXIBLE HIGHWAY ¢,
Quttextd¥(549,90, PAVEMENT DESIGH';;
Quttext¥{549,110, PROGRAN' ),
Outtext¥¥(549,150, By’ ),
Quttext{V(549,190, AASHTO');
QuttextXY(549,210, <AKERICAK'};
QuttextXY{549,230, ASSOQCIATION Of');
QuttextXY(549,250, 'STATE HIGHWAY Aad'},
QuttextX¥(549,270, 'TRANSPORTATION' 1,

yur,

OuttextyV{549,290, 'OFFICIALS) '),

QuttextX¥(549,310, Method'};

QuttestXV (549,380, 'ReViewed In 1986');
QuttextX7{230,60, *THIS STUDY WAS PRESENTED As A MASTER THESIS':,
QuttextX¥{230,80, 'To GRADUATE SCHOOL Cf HATUBAL And APPLI ED‘ ;
QuttextXY¥{230,100, SCIENCES Of DOKUZ EYLUL UNIVERSITY. i
QuttextXY{230,140, ' IT COMPUTES THICKNESSES OF HIGEWAY PAVEMEKI',,

QuttexcX¥(230,160, LAYERS By up
OutrextX¥({230,225," Hethed, " :;
QuttextX?(230,245, "DEVELORED TILL and NEW EDITED 1 1980,
QuttextX¥ (230,265, 'USING HIGHLY NEW DATA. 1

Quttext{¥(230,305, USE COMPUTER PROGRAM USASE NANUAL, SIZTH ),
QuttextXY{230,325,'CHAPTER OF THESIS, FOR GUILENCE L
QuttextXY(230,450, 1994/ IZHIR");

L:=467:1:=420;F:=164;L:=50,0k;

SESVERL,

[:2487,]:=447,8:220;L:=9;B4S;

repeat

getfillstyle(l,3) bar(488,448,506,459) delay (850},
getfillatyle(L0,15) bar(488,448,500,455) delayi3s(:;
until keypressed;

END;

PROCEDURE NATHMENU;BEGIN [------------- HSTHMEHU STREZH ----nmeemmememoeen !

(learviewport, Settextstylei(,Horizdir,2);
[:=489,K:=L160;L:=50,0:=360,; 00, 7. =420, 08;
Lz 70, J.=80; F:=385; L:=30; CER;
=72,  J:=92, L:=381; L:=2s; CRE;

L= 30;0:=180,E:230, L0220, 08, 7. =180, 08, 7. =200, 08, 722280, 0, 108l 0
[:=70,7:2150;8:2385,L:=20, CER, J: =180, CER, T2 =210, CEE, 1 “E;CZR RN
LINE(45,380,35, 415}, LIKE(45,405,55, 415,
SETCOLOR(L5);LINE(35,415, 43,445 ;LINE 55, 4 5,48, 332"

L= 30, Ju=420; Ei=12¢; Lo=20,  CEE,
[:2469,0:=90,K:=180,L:=2)0 ; CHBAR; J: =100, L =50 CRBAL

SR NII BNEEK LI R
i, 083,102320, fnR,,.—]jﬂ;CEE;



SETTEXTIUSTIFY(L,L);

SETCOLOR(8); OuttextX¥(260, 105, "HALN MENU'),

getcolor(15); OQuttextX¥(262,107, MAIN HENU');

getcolor(7); CQuttextXY(261,106, MATN MENU'),Serteststyleit Herizdir, i.,

GetDate[YEAR MONTE, DAY, DAYOFWEEK);
DATE: =CONCAT (MONTES [MONTH],’ ', IntToStr{DAY),” /", IntT0StriVEAR ),

setcolor(15); QuttextXY(545,150, 'FLEXIBLE BIGHWAY'};
QuttextX¥(545,165, 'PAVEMENT'),;
QuttextX¥{545,180, DESIGN'},
QuttextXY(549,195, 'PROGRAH' |,
QuttextXY(548,215,By');
QuttextX?(545,230, 'AASETO Method'};
QuttextXY{545,260, ‘Release 1.0'};
setcolor(l4);
QuttextX¥(547,445, 'Preas ESC to quit’i;
QuttestX¥(545,385, 'Press H to help’);
QuttextXV{46,161,'L'}; Qutrextd¥(46,19L,72');
Quttexti¥i46,221,'3'); QuttextX¥i4s,26L,"4"},
Quttext¥(46,281,'5"}; QurtextXY(46,33L,76"1;
Quttexti¥i46,36Ll,'7');

setcolor{19}; Settextjuatify(d, Ly,

QuttextXY(75,162, 'Thickness Determination For Imitial Pavemeat’
Quttext{¥175,192, 'Changing Data And Thickness ReDetermination’t;
Outtext{V(75,222, 'Thickness Determination For Overlay’);
OuttextX7(75,262, ‘Preparing Svelling And Froat Heave Data’y;
QuttextXY{75,292, Preparing Roadbed Resilient Modulus Data‘,,
QuttextXY(75,332, Brinting Again Last Results on Screes’i;
QuttextXY(75,362, 'Printing Last Results From Printer And Tu File':;

setcolor(L4); OuttextX¥(40,430, Your Choice :'J; Settextjustifyil,ly,

END; .

PROCEDURE SCREEHL,BEGIN [------------ HEW PILE 1. SCEEEY --<-vr-moememonne- ;

Setviewporti0,o,039,479,CLIBON}; Clearviewport;
[:=469;0:2420,;%:=160,;L:=50,08,1:=489,3:=120,K: =180, L. =290, ONBAK,

[:=10; EK:=285; L:=20; J.=120;,  WHILE J<451 DO BEGIN CER,;J:=J+3i;ENL,
[:=305; K:=144; L:=20; J.=120;,  WHILE J<451 DO BEGIN CER,Z:=l-33;EiD;

Settextjustify(l,l};Settextstyle(0,Bor1zdar, 1},
setcolor(14);
© QuttextXY(550,225, ' IHITIAL PAVEMENT');

QuttextfY(550,245, 'STRUCTURE DESICGH');
1ine(525,265,575,265);
QuttextXY(550,285, 'GENERAL DATA');
Qurtext{¥(550,305, 'INPUT PHASE'},
OuttextX¥(545,445, 'Press § to help');

Settextjustify(0,1);
Quttextd¥(20,132,’L) File Hame To 8e Qpensd A
QuttextXY(20,162,'2> Reliability Factor t4; o
QuctertiY(20,192,73, Analysis Period (years) ’
QuttextX¥(20,222,'4> Maximum Possible Per. Pericd :’,
QuttextX¥{20,292,'5; Stage Strategy Humber ot
Quttext¥¥(20,282,'6> Initial Serviceability o
Quetext{T(20,312,°7, Terminal Serviceability 2
QuttextX¥(20,342,'8, Overali Standard Deviaticn ')
QuttextXY(20,372,'9; Estimated Single 4xle Load '
QuttextXY(20,402,10, Directional Dist. Factor 1%) .7
OurrextXY(20,432, 11, Lane Distributics Factor (%) :'i;
QuttextX¥(20,462,'12; Ezponential Growth Rate i%: '3,

END; :



PROCEDURE SCREENZ,BEGIN {---------- SWELLING . FROST EEAVE SZREER ----vv---- J

.

Setviewport(0,0,839,479,CLIPON; Clearviewport;

T:2140;7:=420;8:=180;L:=20,CER;
[:=330;0:2070,K:=130,; L. =20 CER; [:2330,0:=320, K, =130, 0,206, CRE
1:2330;7:2200,F:=130; L. =20; CER; 102338 7230082 Zf,u 22088,
[:2330;0:2130;8:=130;L:=20,CER; 02330002390 K203, Lm0 058,
[:2330;0:=260 E:=130:L:=20,CER; 12330;J:=4EU;£:=13@;h 28018,
1:2330,7:=290,K:=130,L.=20;CER, 2330702450 Eo2l 30, L2l 008,
Settextjustify({l,l);  setcclor(i4);
QuttextiV(550,250, ‘IRITIAL DAVEMENT'y:
QuttextX¥(550,27¢,'STRUCRUEE DESIGH';;lime(%28,290,575,28¢;;
) '

l‘

i e I

QuttextX¥(550,310, "SWELLING § FROST’
QuttextZY(550,330, "HEAVE DATA INRUT'},

Di=469;7:=420,E:=160,L: 250,08, Toz489: 002170 Bmlbt; oo 240 OUBAR,
1:210;0:=170,K:=30;L: =170, CER; 00210702360 K230, L=L ks, Ok,
Tos60;7:2170;8:=80;L:=50;CER, [i290:3:=230;8: =80, L, =80, (LR,
1:=80;7:2320.8:= 70 L:=20,CER; [0260,0:2300, K270, L0200, CER,
1:280:7:2390 K =80;L:250; CER 10260, 702450 Ee276, L0220, CER;
I:s140,0:2170;K: 180 L:=20,CER; [:=040,7:=200,;L:=180,;L: =20, 08k,
I:2140,0:2230;K:=180;L: =20, CEE; Tizl46;d: 2260, F:=184;L,220, 088
Ti=140:742290;%:=180;L: .O;CER; [i=140;0:2390,K:=180, L. =20, CER;

[
QuttentlT{o50, 354 RHASE 1

QuttextX¥ (549,449, 'Press H to Lelp'y;
Settextstyle(0,VERTdir, 1),

QuttexrXY(25,295, "SYELLING ), QurrestdT(29,419, FE0ST A

Settextstyle(( HORIZDIE,1):

futtexti?(90,195, Rate'|;

Outtexc{Y(90,285, Rize’}; Qustextg7i96 44' "Mazimun’

QuttextX¥(90,410, Service-'1; Outtebt‘zxau,a. Jebiliey'y

QuttextX¥(90,430, Loaa’); Sertextjuatifyid,ii;
setcolor(l15}, QuttextfY(145,180,'L Meisture Supply :'4;

Quttext{Y(145,210, 2} Roadbed §. Fabric ;'i
Quttext¥Y(145,240,73) Heisture (oaditicsn: '),
Quttexti¥{145,270, 4> Blasticicy Index 7
QurtextX¥({145,300,°5; La)ex Thickness ')
QuttextXT(55,330,%8, Swell Probability ",
QurtertXY(85,370,'7: Frost Heave Rate BN
QuttextX7(145,400,°8) Depth of Prost P ;')

QuttestXY{145,430,°9) Draioage Qualicy ',

QurrextiY{5,460, 10> Frost H. Prehability S

END;

OurtextZYi9e, 180, Sweli’
dutreytiliy’ “';,'C:aa:aat’i;

QuttextdT{90,255, ‘Potential’); Qutrantdbige, 276, Vertizal ',

B
.

‘ot

PROCEDURE SCREEWY; {---- WATERIAL CHARACTERISTICS INPUT SCRERY -------nvn-- ;

BEGIN
Satviewport(0,0,639,479,00I008) ; Clearyienpor
Settextjustify(l,i};
[:2469;7:2420,8:=160,;L:250,00;  [:=469;T:=100;K =060, 0 2290 0H84%;
Ii=10; 1:=120;E:290;L:=40; CER;
[:=110;3:2120,K:=190;L:=40; CER; I:=310;):=124:F:= 1 Lol 2R
[:=10; K:=90; L1220 J:=174;BAS;I1:=10; Ei=90; Lo=2d; 7:2200:8AS:
Ii=10; K:=80; L:=20; J:=230:84S:
Ii=10; Ke=80; L:=20; J:=280;  WBILE 1-25
Lo=110; B:=190;L:220; Io=170;  WHILE 733
[:=310; E:=150;L:=20; J:=170;  WHILE 193
[:=10;  J:=390;K:=110;L:=80; CER;  [:=L
L:2130; J:=420;F:2230:L:220; CEER; I:
[:2370, J:=390;K:=90;L:=20; CER; I:=¥7
[:2370, J:=450;K:296,L:=20; CER;
setcolor(14);
QurtextdY(550,229, " [HITIAL PAVEMENT'):
OuttextXY{550,245, STRUCTURE DESIGN'j;limei825, 008,575, 080,

DC BESIN (EE;J:=]+30F
DJ BEGLH CER; )=l 3.,32
IC BEGIN (EE; b.‘1r1t;E
NS TR S AR RS B X

Temibfic Prondlf 1.2 . pro.
PR oAU AN - wvy  MLI,



QuttextyY(550,285, 'MATERIAL');
OuttextXY (550,305, 'PROPERTIES '},
OuttextXV(550,325, 'DATA INPUT PHASE'},
QuttextXy(545, 445, Press § to help');
QuttextXY(55,140, LAYER NAME'),
Quttext{¥{205,140, STRENGTH Parametar’});
QuttextXY (65,415, 'DRAIRAGE');
QuttextXY(65,435, COEFFICIENT' ),
Outtext¥Y(385,140, VALUE of Parameter');
Settextjustify(0,l);

setcolor(15); Quttext¥Y(15,180, Subgrade’};
Outrext¥¥(15,210, 'Subbase C.");
-OuttextXY (15,240, 'Base C.');

END; .
PROCEDURE SCREEN4; [--<mv-mmmewemnmnn- RESULTS SCREEN --o-o-emmmmmmmcanann
BEGIN

Setviewport(0,0,639,479,CLIPCH) ;Clearviewpory,Setrextjustify(l, 1y,

L:2469;7:2420,8:=160,L:=50,08, L:=469;J:=120; 8. =160, L =23¢, OHRAR,
1:7469;7:=380,K:=160;L: 250,08,

Lezl0; J:=200;K:=100;L:=40; CER; [:=115;2:=200 E:=80;L =40, CER,

5,d
[:2200,J:=200,K:<80, L:=40, CER; [:=285,1:=200;K:=85;Li=40; KT,
[:2375;7:=200,8:-85; L:=40; CER,

[i=10;7:=2425, 82319, Lo=20, CER;T:=330, 102429, K0=130, Lo=ll
[:210,0:=450,8:=315; L:=26; CER,I:=336;7:=45¢,: l?‘, L=l

Tes10; Ke=100; L:=20; I:=2%0;  WHILE J-411 DG BEGIN CR:, I:=I-18 Ii
I:=118; Ei=80; L:=20; Ji=280;  QHILE T 411 DO BEGIY CEE,J':; S5 RN
1:=200; K:=80; L;=20; J:=2%0,  WHILE J-4Li DO BEGILN CB%;J:=J+1%,Ei5;
1:2285; K:=85; L:=20; 1:=280,  WBILE Ju4ll DO BEGIR IEB,J 2]+ 28, ELD;
[:=378; %:=85; L:=20; I.=180,  WEILE JO411 00 BEGIN CER,J:=J-I5.%30,

Settextstyle((,BORIZDIR, 1),
setcolor(14);
OuttextX¥1550,215, "IHITIAL PAVEMENT'); .
Quttextd¥ (550,235, 'STRUCTURE DESIGH’);line(525,25% 575,285,
Quttaxt&¥{550,275, QUTRUT PHASE');
OuttextXV (549,436, Tc Print Results'}; Outtext¥Y(549,452,'PRINTER/FILE PF.');
QuttegtXY(545,376, 'ESC to MALY MENU“), OQutrestX7{545,392, SPACE SA: 'v it

OuttextX¥(155,212, 'STRUCTURAL'); QuttestdY(155,227, 'LAVER (o’
QuttextX¥(240,212, 'STRUCTURAL'); Quttentity 40,227,"UMBEE‘i;
OutcextX¥(330,210, LAYER'}, 0uttextKY(33G,222,'TH-Cfaﬁua »
QuttextX¥(330,233, (inches)’); Guttest71418,210, CCHYERTED v,
QuttextX¥(418,222,STRENSTH' ), Qurtexti¥{418,233, Par. Yaive';;

OuttextXY(170,435, Hev Computed Mayx. Performance Period :'v;
QuttextXY(146,460, A Hew Overlay Heccessary For ')
Settextatyle(0,BORIZDIR, L),

END,

PROCEDURE CROSSSECTIQHOVERLAY;[------ OVERLAYED CROSSSELTION ---------mmvm :
BEGIN  Setviewport((,0,839,80,CLIPON) Clearviewport;
Setviewport((,0,639,479,CLIPON);
Settextstyle(0,HORIZDIR,1);  RECTANGLEi60,100,340,90);
RECTANGLE(50,130,350,100) RECTANGLE(40,180,360,130s:
LINE{60,95,20,100) LINEC340,85,380,100;
Setfillstyle(ld,3);BAR(6L,9L,339,99);
Setfillstyle(ll,3) BAR(5L, 101,349,129/,
Setfillstyle(9,3) BAR(4L,131,359,189);
Setfillstyle(d,8);BAR(30,181,60,197);BAK{90,18L,120,197),



BAR(15,181,180,197);BAR(ZLY, 181,244, 1971,
BAR{270,181,300,1971;BARI330, 181,370,137,
Setfillatyle(s,8);BAR{6G,181,90,195);,  BAR(12G,181,180,18%:;
BAR(180, l&;,.ld 195); BAE(14(,181,274,185),
BAR(300,181,330,185);
LIBE(190,25,1L0,45), LINE(210,25,19C,45);
LINE(190,26,185,30), LINE(210,25,215,30),
LINE(185,30,194,30); LINE{215,30,200,301,

getcolor(14); LINE(405,85,405,195);  LINE(40%,85,38,85);  LINE(40%,19%,380,193)
LINE(380,85,385,83); LINE(380,195,388,1971,

SETLINESTYLE(3,0,3),
setcolor(l5); LINE(20,182,200,181); LINE(I00,181,375,1sl},
SETLINESTYLE(Z,0,1};
LIBE(30,85,370,85);
SETLINESTYLE{C,0,1);

Settextatyle(0,VERTDIR, L},
setcalor(l4);  OuttextXY(417,140,'Initial LAVERS'},
Settextstyle(d,HORIZDIR, L),

Quttext¥y(105,190, 'Compacted Subgrade’!;
QutrextXY(119,145, ‘Granular Subbaze');
QuttextXY(115,155, Course’);

Setviewpart{469,420,630,470,CLIRCHY; Clearviawplrt;
Setviewport(0,0,039,479,CLIROR);

[:=469:7:=160;K:=180;L:=50,;08,
[:=4689;J:2420;L:=160;L: =50, 0k,

getcolar{l4); . CuttexcX¥(54%,436, To Print Results’y,
QurtextXV{549,452, 'PRINTER/FILE :B/F. "),
QutrextXV(545,376, 'ESC to MAIR MENU'Y,
QuttextXV(545,392, 'SPACE BAR to quit');

Settextjustify(l,1);  END;  END.[ frivvr  wort b oo e e e
{(* URIT PROGRAM CONSISTIRG ALL WARHING PROMPTS Tl
I(t)(t)(t)(t)(t)(xwt) IENIE M C ST VTR TR S TR ST DL N S AT LARE SR AT B v,}
{§0¢,F+ B¢ E+] UNIT WARNINGS; INTERFACE USES CRT GRAPH, SCPEEH
VAR SSIS,LSIS:CHAR;
PROCEDURE SESVERZ;  PROCEDURE IEAZL,
PROCEDURE IRAZZ; PROCEDURE IEAZ3; PROCEDURE ZEAZS,
PROCEDURE IEAZG, PEOCEDURE IFAZT, PROCEDUEE IEAZS,;
PROCEDURE I[KAZY; PROCEDURE IRAZLO; BROCEDURE IFATLL,
PROCEDURE IEAZLZ; PROCEDURE I[EALL3; PRCCEDURE ‘FAZI%;
PROCEDURE [EAZLS; PROCEDURE [RAIls, PRGCEDURE [EAZL™; [MPLIMERTATION

PROCEDURE SESVERZ, BEGIN
SQUND{4500);DELAT(100),HOSOUND ;SOUND(5000 ), DELAY(L1G0 1, HOSCUND,EXD,
PROCEDURE IRAZI, BEGIN

SESVERZ,Clearviewport,SETCOLOR(1);Settextatyie(0,H0RIIDIR,2};
Outtext¥¥(20,40,#15);Settextsryle(0,HORIZDIE, 1),
OuttextX¥(50,40,'(* REQUESTED FROM GROUR *)');
DELAY{2000);Clearviewport; END

PROCEDURE IRAZZ; BEGIY
SESVER2;Clearviewport;SETCOLOR{1};Settextstyle( 0, HORIZDIE, 2:;
Outtext{¥(20,40,8L5);Settextaty le(O HORIZDIR, L),
QuttextXV{50,40, <* MUST BE BUMERIC VALUE *:');



DELAY{2000);Clearviewport; EHD;
PROCEDURE IKAZ3, BEGIN
SESVER2;Clearviewport;SETCOLOR(1);Settextstyle(0, BORIZLIE, 21,
OQuttextX1(20,40,#15);Settextstyle(0 HORIZDIR, 1),
Quttextd¥ (50,48, C* REQUESTED FROM GROUP *}°);
DELAY(2000};Cleacviewport; END;
PROCEDURE IKAZS; BEGIN
SBSVER2;Clearviewport;SETCOLOR(L);Settextatyle(0 BORIZDIR, 2
OuttextXT{20,40,415),Sectextatyle(0, HORIZOIR, 1),
OuttextXY(50,40,'¢* FROM GROUP, NUMERIC and INTEGER VALUE REGUESTED * 7,
DELAT{2000);Clearviewport; END;
BROCEDURE IEAZS; BEGIH
SESVER2:Clearviewport;SETCOLOR(L);Settextstyle(0, BORIZDIR, 2},
Quttext{¥(20,40,819);Setrestatyle(0,BORIZDIR, 1);
Quttext{¥{50,40,'(* I§ LIMITS, HUMERIC and IHTEGER VALUE BEQUESTED * ',
DELAY(2000);Clearviewport; END;
PROCEDURE IKAZ7; BEGIN
SBSVER2;Clearviewport SETCOLOR(L);Settextatyle(d HORIZDIR, 21,
QuttextXY(20,40,815),Settextstylei0, BORIZDIR, LI,
OuttextX¥{50,40, <* LN LIMITS, NUMERIC and REAL VALUE REQUESTED *.'J,
DELAY(2000};Clearviewport; EHD;
PROCEDURE IKAZ8, wvar gg,ff,hh,a integer;
gg:=25;££:=25;
for bh:=Z to Ll do begin a:zhh*hh-4,gg:=gq+dl Ef:=i€421;
Setfillstyle(l,8);SETCOLOR(7),FILLELLIPSE(ff, 0g,8,8);
Setfillstyle(l,3);SETCOLOR(LS);FILLELLIPSE(£E-5,99-5,a,a); end, SESVERL;
getcolor(8);Setfillstyle(l,l4);FILLELLIPSE(230,190,25, 5)
Settextatyle{0 HORIZDIR,Z;
Setfillstyle(l,8) bar{22s, 1”,234,192);FILLELLIPSE(230,2(“,‘,4,;
SETCOLOR(15);0uttextdy{230,240, N0 MEY DATA’);Quttexti¥|230, 260, 'BAVE 3E21%);
QuttextXY(230,280, "GIVEN To'); 0uttextXY(23G,300.‘PBCCESS’};
QurtextX¥(230,320,'YET ), .

DELAY(3000}; ELD, ‘
PROCEDURE IEAZS, BEGIN
SESVERZ;Setfillstyle(1,8);SETCOLGR{?};FILLELLIPSE(Z35,24&,125,1252;
Settextstyle(0 RORIZDIR,Z
WiR; Outtexc!Y{’30,~au 'PRESS ARY');

“Quttextd¥(230,250, KEY WHEN'),

QuttextiY(230,280, 'PRIKTER IS');

Qurtext{T(230,309, "READY'};
Settextstyle(0 HORIZLIR,1); REPEAT UKTIL EEYPRESSEL, EEL;
PROCEDURE [RAZLO; BEGIN
SESVER2;Setfillstyle{l,8);SETCOLOR(7) FILLELLIPSE{235, 240,128,125,
Settextatyle{( BCRIZDIR,);
¥R, QuttextY(230,340, ‘Ioput/Qutput’};

Quttext{¥(230,260, ERROR');

QuttextXY{230,280, IS PRINTER");

Quttextd¥{230,300, READY %');
Settextatyle(0 HORIZDIR,L);
DELAY(3000); EHD;

PROCEDURE IEAZIL; BEGIH
SESVERZ;Clearvievport;SETCGLOR(l);Setteztatyle[O,HGRIZHIR,Z;;
OuttextXY(20,40,815);Settextstyle{(, BORIZDIR,!L

QuttextX¥ (50,40, <* HUST BE LESS THAR I[NITIAL SVR/ BILITT * ¢

DELAY{2000);Clearviewport; ENE;
. PROCEDURE I[KAZLZ,
var gg,ff,hh,a;integer; BEGIN

gg:=25,£f:=25;

for hhi=2 to [l do begic a:chh*hh-4;gg:=ggtdl;ff:=f+21,

Setfillestyle(l,3),SETCOLOR(LS ), FILLELLIPSE(£E-5,60-5,5,a); end,

g, QutrextXY{230,230, Y0U REQUIRED CONLY'};
QuertextX1{230,245, 0BE STAGE CONSTRUCTION')



Quttext¥t(236, 260, SIVING STAE STRATEST™,

Quttexty¥(230,275, NUMBER AS L. YOU NUST':,

Duttextyy 230,290, SELECT 2 or ¥ and")

, Quttexts¥(230,305, COMPUTE AGALE'I,
DELAY(6000}; ' END;
PROCEDURE IEAZL3; BEGIY
SESVERZ;Clearviewport;SETCOLOR(1);Settéxt;t;le ¢, BORIZDIE,D
Outtext{Y(50,40,'«* NAME WILL BE SPPOINTED by °R0uR«H "‘
DELAY(2000);CLlearviewport, E40,
PROCEDURE IRALL4; BEGIH
SESVER2;SETVIEWRORT(0,0,639,110, LLIPON Clearulewpor SETCOLOEI L),
0uttextXY(50 40, (* HANE RnQLES“EB !
DELAT{2000) ;Clearviewport; SETVTEEPORTlO 0,639,479, CLIPON: XL,
PROCEDURE IRAZLS; VAR A:CHAR, BEGIH
SESVER2:Tlearviewport;SETCOLOR(L};Sertestatylell BORIZLIE, 21
OuttextXY[ZO 25,415):Settextsryle(0, BORIZOIR, 1) ;SETCOLORIL);
Outtext¥¥(50,25," ¢+ ! ROTE THAT stage strategy susber will be changed s IV
Outtextd¥(50,35,° <¢*  due to NOT CONSIDERING Swell & Frost deave and STLECTING 'y
OuttestV(50,45," ¢ Aualysis Period Aud Max. Possible Performante fPer: a8 equally. Yo',
Outtesti¥(50,55,° !*  Overlay design canoot be required :o tais sifuatidn, LD
BWR;OuttextiV(50,75,' -Press Aoy Fey To Contiue BE
A:=READKEY; Clearviewport; END,
PROCEDURE IEAZLS; var qg,ff,bh,a:integer, BEGLYE
SETYIEWBORT(0,0,639,110,CLIRON) ; CLEARVIEWRORT,
SETVIEWDORT(0,0,639,479,CLIPON),; Settextyustityil, i),
gg:=25,££:=25; for hh:=l to ‘l do begip a:=hh'hh-4;9q:333¢lL; i =iiell,
Setfillstyle{l 8):SETCOLOR ™), FILLELLIPSE 1,99, 8,8/,
Setfillatylell,3);SETCOLOR{ISl,FILLE.MIDS“ EE-5,9975,4,3), ead,
geteolor(8);Setfillstyleil, 14} FILLELLIDSE(23E, L6l 20,405,
Settextatyle{l HORIZDIR, I},
SESVER2:SETCOLOR{15);0uttextkF (230,255, 'PLEASE ¥RIT 171,
0uttextXY(230 285, 'COHPUTTHG I
FOR I:=218 TO 242 DO LINE(230,170,1,180),

SetLineStyle(0,0,1};
LIHE(208,147,252,l75);LIHE!ZSZ,IU,ZGG,NS);delayglwﬂl; gL,
PROCEDURE IKAZLT; BEGIH
SESVER2:SETVIEWPQRT(,0,839,150,CLIPOM] ;Clearviewpor t;SETCCLER. L
Settextatyle{0,BORIZDIR, 3,
QuttextX¥(20, 40,815 Settextatyle( 0, BORIZDIR, L),
OuttextX¥(50,40,’<* FILE I§ HOT IN TRE DIRECTORY OF IS ABSELT. PRUGEaM 7))
Quttext¥(50,50,”<* WILL OPEY "AASHTO.DEF™ DEFAULT FILE 40T 70 3% BALTIZ ® 7,
DELAY(4000), Clearulewpcrt SETVIEWPORT(,0,839,478,CLIPOR, BN,



