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The contents of this report reflect the views of the 
authors, who are responsible for the facts and the 
accuracy of the data presented herein. The contents 
do not necessarily reflect the official views or 
policies of the Federal Highway Administration. This 
report does not constitute a standard, specification, 
or regulation. 
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PREFACE 

This report summarizes the results of a study to determine the effects 

of a drop in temperature and of drying shrinkage on the occurrence of cracks 

in a jointed concrete pavement. The purpose of this work was to develop a 

computerized method to analyze, or design, either a reinforced or a non­

reinforced pavement slab. 

The project is being conducted at the Center for Highway Research, The 

University of Texas at Austin, as part of the Cooperative Highway Research 

Program sponsored by the State Department of Highways and Public Transportation 

and the Federal Highway Administration. 

This report would not have been possible without the help and assistance 

of many people. I also acknowledge Dr. W. R. Hudson, member of my graduate 

supervising committee. Special appreciation is extended to Mr. Thomas Hainze 

for his friendly help concerning the correction and analysis of the computer 

program. Thanks are also due to Mrs. Marie Fisher who has collaborated at 

different stages of this work. 

Austin, Texas 

August 1975 
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Felipe Rivero-Vallejo 

B. Frank McCullough 
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ABSTRACT 

This report deals with the development of a computerized system for 

analyzing and designing concrete pavement slabs subjected to drying, shrinkage, 

and drop in temperature stresses with time. 

The system is capable of analyzing a given jointed reinforced concrete 

pavement slab design for crack occurrence. It is also capable of designing 

either a reinforced or a non-reinforced slab. 

It has been found that the main factor acting in crack generation is the 

friction between the slab and the underlaying pavement course, with higher 

stresses in the slab occurring with high friction values. 

This work is a useful tool in the study of cracking in concrete pavement 

slabs because it is relatively simple to superimpose the stresses due to 

drying, shrinkage, and drop in temperature on the stresses generated by factors 

such as wheel load, warping, etc. in order to get a more realistic "state of 

stress" in the slab. 

KEY WORDS: jointed reinforced concrete pavement slabs, computer program 

JRCP-1, drying shrinkage and drop in temperature cracking, crack width, crack 

width, crack occurrence, subbase friction. 
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SUMMARY 

A computerized system to analyze a concrete pavement slab for drying 

shrinkage and drop in temperature stress with time has been developed. 

The main purpose of developing the system was to search for possible 

cracking of the slab. The system was capable of 

(a) analyzing a given slab design (length, width, thickness, steel 
percentage, etc.), checking the width of the cracks and the steel 
stresses against maximum values; 

(b) designing the percent reinforcement for a concrete pavement slab, 
based on a maximum allowable crack width and stress in the~steel; 
and 

(c) designing a non-reinforced concrete slab. 

This option will result in a slab length that will not give a cracked slab. 

xi 
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IMPLEMENTATION STATEMENT 

This study resulted in a mathematical model that can be used to design 

more reliably the reinforcement steel for jointed reinforced concrete pavement. 

A computer program has been prepared that can be used now by the Highway Design 

Division of the State Department of Highways and Public Transportation. In 

order to obtain maximum utilization of this computer program, the following 

implementation steps are recommended. 

(1) A range in temperature conditions should be selected on the basis 
of Texas geographic areas to be used for studying variations in 
performance with respect to temperature and shrinkage cracking. 
These geographic areas should be the same as those recommended for 
implementation of computer program CRCP-1. 

(2) The wheel load stresses should be superimposed on those predicted 
by te~perature changes and drying shrinkage. There is evidence 
from studies of concrete pavement that wheel load stresses may 
influence the formation of transverse cracks, especially during 
the early life of the pavement. 

(3) A user's manual should be prepared for the State Department of High­
ways and Public Transportation, to permit field usage of the pro­
gram. The operating manual in Appendix 1 of this report could be 
used as a guideline. 

(4) The temperature data developed in connection with recommendation 
(2) should be used to develop a range of solutions, crack widths, 
crack spacings, and steel stresses for different material properties. 

(5) The information from (4) should be used to develop a design manual 
for CRCP that would reflect more variables than are taken into 
account at the present time; in this way, the performance level of 
CRCP would be improved. 

xiii 
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CHAPTER 1. INTRODUCTION 

In 1921 arid 1922, the Pittsburg, California, Road Test was designed 

and performed to determine the efficiency of both reinforced and non-reinforced 

pavement of varying design. The results indicated that longitudinal joints 

were effective in preventing longitudinal cracks. 

Although concrete pavements were first used in about 1900, uncontrolled 

cracking caused problems for many years. As a result, joints were introduced 

to control cracking. From 1930 through 1936, the Bureau of Public Roads con­

ducted the Arlington Test Road at Arlington, Virginia. The results supplied 

much of the basis for modern pavement design criteria (Ref 1). 

In the late 1930's, many highway engineers became concerned about the use 

of contraction joints where expansion joints were also used. The use of dowels 

in closely spaced contraction joints and other problems in the jointing of 

pavements were also studied in view of service records. To study these ques­

tions, the Bureau of Public Roads authorized the construction of long-range 

experimental road tests in california, Kentucky, Michigan, Minnesota, Missouri 

and Oregon. After World War II, research programs in several phases of pave­

ment technology were intensified to meet the ever-increasing demand of postwar 

traffic; two of the more significant programs are the Maryland Road Test (HRB 

SR-2l) and the AASHO Road Test (SR 6lE). 

At the present time, significant concrete pavement research is directed 

toward the study of transverse cracking, which is a major contributor to pave­

ment deterioration. Cracking in jointed reinforced concrete pavement is a 

prime factor leading to a reduction in pavement performance, depending on 

crack width. Water percolation, spalling, loss in load-carrying capacity, and 

pumping are some of the distress manifestations which vary with cracking in a 

slab. 

Extensive research has been done to determine causes of cracking. It 

has been found that cracks occur when the tensile strength of the concrete is 

exceeded by the stresses generated by internal and external forces. The exter­

nal forces are basically due to wheel loads, and the internal forces are due 

1 
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to temperature changes (curling, shrinkage) and loss in moisture. Warping and 

curling have been studied at Purdue University and in many other places; the 

load effect has been studied at The University of Texas, but shrinkage in 

jointed pavements still has not been studied. 

THE NEED 

Concrete pavement is generally classified as either plain, continuously 

reinforced (CRCP), or jointed reinforced concrete pavement (JRCP). Reinforced 

concrete was recommended in 1914 to counteract cracking caused by thermally 

induced expansion and contraction. In 1916 it was recommended that all con­

crete roads be reinforced ahd specifications were written to cover several 

problems. In 1931, the common pavement slab was of the thickened edge design, 

and contained 30 to 69 pounds of steel, wire mesh, or bar mat per 100 square 

feet. Reinforcement design for rigid pavement is based on the concept that 

since it is often not economically possible to prevent the formation of cracks, 

it is necessary to control the opening of cracks in such a manner that the 

original load-carrying capacity of the slab is preserved. If the crack is 

permitted to open, contact between the faces of the crack is lost, with a cor­

responding loss in shearing resistance, and continued application of load 

results in progressive breakage. Since the main function of steel reinforce­

ment in rigid pavement is to hold the interlock faces of the concrete at a 

crack in tight contact to provide for good load transfer, and to avoid water 

entering and washing out the subbase material, it is only necessary to furnish 

sufficient steel area to resist the forces tending to pull the crack faces 

apart. These forces develop when the slab tends to shorten as a result of a 

drop in temperature, concrete shrinkage, or moisture reduction. As the slab 

contracts, the movements are resisted by the friction between the slab and the 

underlying subgrade or subbase. The resistance to movement produces a direct 

tensile stress and may cause the concrete to crack. As soon as the concrete 

cracks, the tensile stress is transferred to the steel reinforcement. 

In order to obtain the benefit of a better pavement design, reliable pre­

dictions of shrinkage and temperature stresses are required to complete the 

study of the pavement slab stresses. The reinforced slabs are designed to 

control random cracks; in other words, to minimize crack openings so that load 

transfer is provided by the aggregate interlock, thereby avoiding the distress 

manifestations tha could lead to total deterioration. Stresses in the 
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manifestations that could lead to total deterioration. Stresses in the 

pavement are caused by different factors such as: 

cr concrete = cr +cr . +cr . load cur11ng moisture shr1nkage 

+ crdrop in temperature 

The crack formation mechanism is represented conceptually in Fig 1.1. Crack­

ing of the concrete slabs occurs when the tensile stresses generated by exter­

nal and internal forces exceed the concrete tensile strength. Obviously 

cracking will occur only with tension or contraction, with expansion not being 

a problem. Therefore, the concrete slab will experience cracking when at some 

time the tensile stresses are greater than the tensile strength of the con­

crete. If at some time the combination of tensile stresses due to load, 

curling, shrinkage, and drop in temperature exce~ds the tensile strength 

cracking will occur. This can be represented in the following conceptual 

equation: 

(cr 1oad + crcur1ing + crshrinkage + cr drop in temperature) > f concrete 

Temperature drop is defined as the daily drop in temperature from the 

curing temperature. As previously mentioned, stresses due to load and curling 

have been studied; remaining for study are the shrinkage and drop in tempera­

ture stresses. The need for studying shrinkage and drop in temperature became 

apparent when slabs at the Dallas-Fort Worth Regional Airport experienced a 

range of transverse cracking. From the study of such cracks (Ref 2), it can 

be seen that the combination of slab movement with subbase type is the cause 

of the cracks. Slab length or joint spacing was varied from 37.5 to 75 feet, 

and it was found that jOint spacing of 37.5 feet gave a reduced cracking. 

Initially the construction engineers hypothesized that by changing the amount 

of steel. the problem would be solved, but mn order for the steel to be effec­

tive, cracks must be present. Several subbase conditions were tried to study 

their effect on cracking. The studies confirmed the hypothesis that the 

stresses in the concrete would increase with increased sub-grade friction and 

joint spacing. For the low sub-grade friction, it can happen that no crack 

occurs, but, the movement of the slab still exists, leading to a joint width 
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that can be harmful. In Fig 1.2, a brief graphic summary of the findings of 

Austin Research Engineers, is presented. In this figure, percent cracking is 

defined as the percent of slabs expressing one or more transverse cracks at 

or near mid-span. The distribution diagram shown on the right of the figure 

is a hypothetical condition based on percent cracking; thus, if one hundred 

percent cracking is reported, then the concrete tensile stress due to volume 

change must be greater than the concrete tensile strength for every slab, that 

is, the ratio must be greater than 1.0. 

The restriction of slab movement will also be increased if the dowels at 

joints are not greased or have poor alignment as shown in Fig 1.3. This means 

that dowels hold the slab when it tends to contract, thus creating additional 

stresses that are very difficult to predict because of the infinite number of 

positions in which the dowels can be placed. 

OBJECTIVES 

This report describes studies of the stresses induced in the pavement due 

to shrinkage and drop in temperature in an effort to make a more complete and 

realistic study of the concrete stresses, and also to have a better feeling of 

how the stresses are going to be affected by the combination and interaction 

of shrinkage, drop in temperature, slab length, subbase friction, and concrete 

characteristics. 

The concrete slab will experience contraction movements due to drying 

shrinkage and drop in temperature; those movements will be restrained by the 

reinforcing steel, and the subbase friction; the restraint provided by dowels 

and tie bars is not taken into account. 

SCOPE OF THE STUDY 

This study is focused on the effects of drying shrinkage and drop in 

temperature in the crack formation in a concrete pavement slab. The study is 

intended to provide a useful tool in the design and analysis of jointed con­

crete pavement. As previously discussed, the concrete contraction movement 

will be restrained by the reinforcing steel and the subbase friction, the last 

parameter being the most important one in the development of cracks. The goal 

of this study was to develop a computerized model capable of analyzing either 

a reinforced or a non-reinforced slab for temperature drop and drying shrinkage 

stresses. 
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This first chapter of the report is intended to introduce the reader to 

the subject. Chapter two gives a general view of the cracking mechanism in 

concrete. Chapter three deals with the theory and background on which the 

study is based, explaining in a comprehensive manner the shrinkage and drop 

in temperature phenomenona as well as concrete properties related to the study. 

Chapter four describes the mathematical approach used in the solution of 

our problem, including the geometric models as well as the solutions. Chapter 

five gives a description of the computer program and its usefulness. 



CHAPTER 2. CONCEPT OF CRACKING 

A brief conceptual explanation of why jointed reinforced concrete 

pavements crack is helpful to a better understanding of the problem. Crack­

ing results when the concrete-tensile stress produced by contraction volume 

changes resulting from temperature drop, concrete shrinkage or both, exceeds 

the tensile-strength of the concrete which increases with time. The drying 

shrinkage is the reduction in length obtained when a saturated sample is dried 

under certain conditions; drying shrinkage depends on the cement and, in parti­

cular, certain conditions, including fineness, the richness of the mix, the 

water/cement ratio and the kind of curing, especially at early ages. The 

rate at which movement or shrinkage takes place depends on the permeability 

of the concrete. Drying shrinkage generally decreases as the strength of the 

aggregate increases (Ref 3). 

It is fairly well established that shrinkage takes place over considerable 

time and the rate of increase of shrinkage decreases with time. The following 

figures have been given by Patten (Ref 3) to indicate the ranges of shrinkages 

at different times after placement: 

after 2 weeks, 14-34 percent of the 20-year shrinkage; 
after 3 months, 40-80 percent of the 20-year shrinkage; and 
after 2 years, 66-85 percent of the 20-year shrinkage. 

In Fig 2.1 approximatly average curves for the shrinkage strains for concrete ,­

made from ordinary portland cement, rapid hardening portland cement, and high 

alumina cement are given. It should be pointed out that the steepest portion 

of the curves occurs between time of placing and two months, emphasizing the 

importance of drying shrinkage in crack formation at an early concrete age 

(Ref 3). The volume changes alone do not produce stresses, but they occur as a 

result of the restriction provided by the friction between concrete and subbase. 

This may be seen in Fig 2.2 where two friction subbases, one low and the other 

high, are plotted (Ref 2). Stresses can be set up in rigid pavements as a 

result of uniform temperature changes which cause the slab to contract or expand. 

If a slab cools uniformly, a crack will generally occur at about the center of 

9 
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the slab. Shrinkage of the concrete also causes the same phenomenon to occur. 

In order to generate frictional resistance during contraction, movement between 

slab and subgrade must occur, which means the slab is going to slide when con­

tracting. Research Studies indicate minimum displacement of O.06-inches is need 

for friciton to be fully developed (Ref 4). The slab movement will be in a 

decreasing pattern going from a maximum at its free end to zero (no movement) 

at a point in the interior, where the maximum concrete tensile stress will 

develop. Kelly (Ref 4) has suggested, based on results of "tests U
, that fully 

mobilized frictional resistance is realized for the distance (~- x) as shown 

in Fig 2.3, but from there to the geometric center of the slab, the shape of 

the stress distribution is parabolic. From this, it is obvious stresses due 

to frictional resistance in slabs will vary with slab length, but it is doubt­

ful whether or not, on short slabs, sufficient friction will be developed to 

cause tensile stresses in the concrete that can lead to a distress manifesta-

tion (cracking). 

THE PROBLEM 

As discussed previously, the cracking occurrence in concrete slabs for 

pavements is a direct function of time, that is, the concrete slab will gain 

strength with time and also will contract due to temperature drop and drying 

shrinkage; both of which are also functions of time. The drop in temperature 

will be the difference between setting temperature and the lowest daily 

recorded temperature. This study is based on the early age of the concrete, 

from placement to 28 days, when concrete is approaching its full strength. 

This study then is based on the need to find the stresses that the 

concrete is going to have with time and to determine if those stresses will 

produce a crack at or near maximum values. After knowing the concrete tensile 

stress distribution for a specific time and knowing the concrete tensile 

strength for that same time, it is fairly easy to predict a crack (Fig 2.4(a)); 

then, if a crack happens to occur, it is necessary to find the new concrete 

tensile stress distribution, which is going to be different from the previous 

one, because at the crack the concrete will have no stress, Fig 2.4(b); then 

by comparing this new stress pattern against concrete strength, more possible 

cracks can be detected, Fig 2.4(c). 
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The present work will only analyze the possible occurrence of two cracks 

in the slab, because it is felt that the first crack will be the one with the 

worst conditions, namely excessive crack width. 

Therefore, the first task is to find the concrete stresses at each time. 

To do this, it is necessary to remember that those stresses are going to be a 

direct function of frictional resistance, which is going to depend on the slab 

movement, and themovement depends on slab length, drying shrinkage and temp­

erature drop. The task now is to relate all these factors and predict the 

concrete stress. 
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CHAPTER 3. THEORY 

Temperature drop and shrinkage are variables with time, as is the concrete 

strength; therefore, the problem is to relate the state of stresses in the slab 

at every time, from the concrete placement until the concrete gains its full 

strength. The solution is to find the stress in the concrete due to shrinkage 

and temperature drop at several time increments, and then compare this stress 

with the concrete strength also at that time as illustrated in Fig 3.1. At 

times, shrinkage and temperature drop alone will not cause cracking, but, if 

we superimpose the stresses due to load, warping or curling, they can produce 

stresses higher than the concrete strength. 

At an early age concrete, the cracking pattern is due basically to the 

external forces generated by restraint of contractional movements deve1Qped by 

shrinkage and drop in temperature. The restraint is provided by the type of 

subbase friction and the reinforcing steel and thus generates tensile stresses 

in the concrete. This phenomenon can be better understood by observing the 

concrete behavior information taken from Ref 4 which tells us that: 

I~en cement is mixed with water to form a soft paste, it grad­
ually stiffens until it becomes a solid. The cement is said to have 
set when it has gained sufficient rigidity to support an arbitarari1y 
defined pressure, after which it continues for a long time to harden. 
The water in the paste dissolves material at the surfaces of the cement 
grains and forms a gel which gradually increases in volume an.i stiff­
ness. This leads to a rapid stiffening of the paste two to four hours 
after water has been edded to the cement. Hydration continues to pro­
ceed deeper into the cement grains, at decreasing speed, with continued 
stiffening and hardening of the mass. In ordinary concrete the cement 
is probably never completely hydrated. The gel structure of the hard­
ened paste seems to be the main reason for the volume changes which are 
caused in concrete by variations in moisture, such as the shrinkage of 
concrete as it dries. According to H. Rusch, for complete hydration 
of a given amount of cement, an amount of waterequa1 to about .25 per­
cent of that of cement by weight, is needed chemically. An additional 
10 to 15 percent must be present, however, to provide mobility for 
the water in the cement paste during the hydration process so that it can 
reach the cement particles, this makes for a total rninimumwater-cement 
ratio of 0.35 to 0.40 by weight and this ratio corresponds to 4 to 
gallons (15.14 - 17 1ts) of water per sack of cement. Any amount of 
water above the 25 percent consumed in the chemical reaction produces 
pores in the cement paste. The strength of the hardened paste decreases 

17 
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Concrete 
Streng t h 

Concrete 
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Time 
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Z and AT 

MATHEMATICAL 
MODEL 

Fig 3.1. Flow chart to relate concrete strength and concrete stresses due to 
shrinkage (Z) and drop in temperature (aT) as a function of time. 



in inverse proportion of the fraction of the total volume occupied by 
pores. This is why the strength of the cement paste depends primarily 
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on, and decreases directly with, increasing water cement ratio" (Fig 3.2). 

SHRINKAGE 

As discussed above, any workable concrete mix contains more water than 

is needed for hydration. If the concrete is exposed to air, the larger part 

of this free water evaporates in time, the rate and completeness of drying 

depending on ambient temperature and humidity conditions. As the concrete 

dries, it shrinks in volume, probably due to the capillary tension which 

develops in the water remaining in the concrete. Now, if dry concrete is 

immersed in water, it expands, regaining much of the volume loss from prior 

shrinkage. Shrinkage, which continues at a decreasing rate for several months, 

is a detrimental property of concrete in several aspects. When not adequately 

controlled, it will cause unsightly and often detrimental cracks. In struc­

tures which are statically indeterminate, it can cause large and harmful 

stresses. So, the chief factor which determines the amount of final shrink­

age is the unit water content of the fresh concrete, as illustrated in Fig 3.3. 

It is evident from this, that the chief means of reducing shrinkage is 

to reduce the water content of the fresh concrete to the minimum compatible 

with the required workability. In addition, careful and prolonged curing is 

helpful for shrinkage control (Ref 4). Values of final shrinkage for ordinary 

concretes are generally in the range of 0.0002 to 0.0007 inch per inch, 

depending on initial water content, ambient temperature and humidity condi­

tions, and the nature of the aggregate (Ref 7). Highly absorptive aggregates, 

such as some sandstones and slates, result in shrinkage values twice those 

obtained with less absorptive materials such as granites and some limestones. 

Some lightweight aggregates, in view of their great porpsity, easily cause 

much larger shrinkage than ordinary concretes. Hansen and Matlick (Ref 6) 

made studies of the variability of shrinkage with time. According to them, 

this variation is a hyperbolic function of time, which can be expressed 

mathematically as follows: 

t 
= M + t (3.1) 
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Fig. 3.2. Relationship between concrete strength and w/c ratio (Ref 4). 

1.4 
It) 

'0 Range 
>( 1.2 
c 
"-
c 

1.0 
GJ 
0' 
0 
~ 
c 
.... 0.8 or. 

(J') 

0' 
C 

0;" 0.6 
.... 

0 

0.4 

0.2...L..-_.....l....-_--1 __ ...L-_---1...._----L __ 

200 250 300 350 400 450 
Wpter per cubic yd fresh concrete -Ib 
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t 

M + t (3.1) 

M 

e base of Naperian log, 

t 

v = 
s = 

= 

time in days after concrete setting 

volume of the member (inches3), 

exposed surface area (inches 2), 

drying shrinkage at time 

final drying shrinkage. 

t , nad 

(3.2) 

For concrete slabs with dense graded and chemically stabilized sub-bases, the 

drying occurs from the top surface; thus the (~) ratio equals to the concrete 

thickness D, resulting in the following relationship: 

= ( t ) Z 
26eO.36D + t f 

(3.3) 

Using the above equation and having the final drying shrinkage, the drying 

shrinkage for any time t can be obtained for a slab with D thickness. 

The slab thickness is a function of the loads that are going to act on the 

pavement. 

TEMPERATURE CHANGES 

Concrete expands with increasing temperature and contracts with decreasing 

temperature. The effects of such volume changes are similar to those' caused 

by shrinkage. That is, temperature contraction can lead to undue cracking 

particularily when superimposed with shrinkage; in indeterminate structures, 

deformations due to temperature changes can cause large and occasionally 

harmful stresses. The coefficient of expansion varies somewhat, depending on 

the type of aggregate and richness of mix. It is generally within the range 
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of 0.000004 to 0.000006 inch per inch per degree Fahrenheit (Ref 8). A value 
-6 of 5.5 X 10 is generally accepted as satisfactory for calculating stresses 

and deformations caused by temperature changes. Other factors besides type 

of aggregate and richness of the mix that cause the coefficient of expansion 

of thermal coefficient to vary are temperature range, water-cement ratio, con­

crete age, and relative humidity. 

That work assumes that the temperature distribution in the concrete slab 

is constant, with depth as an approximation. Tomlinson's work demonstrates 

that this assumption is not true in reality. Tomlinson's theory assumes the 

temperature varies according to a simple harmonic law. The temperature (6) 

at any given depth (x) below the surface at any time (t) is obtained by 

means of the following relationships: 

and 

where 

e = 60e - ~'\h sin (2; t - ~v1 ) (3.4) 

* 
1.56 - 6 a max a min 60 = 2 (3.5) 

60 amplitude of the temperature cycle at the free surface of 
the slab, 

e = base of Naperian log, 

h diffusiveness of the concrete in inches2/hour, 

thermal conductivity 
heat capacity per unit volume 

T = periodic time of the temperature cycle (24 hours for the 
daily cycle), 

6 = maximum air temperature on a particular day, and a max 
6 a min minimum air temperature. 

* Valid only for a six inch slab 



CONCRETE PROPERTIES 

Besides shrinkage, other concrete properties in which we are interested 

for the scope of this work are: thermal coefficient, strength, modulus of 

elasticity and bond. 
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Thermal Coefficient. The thermal properties of concrete are primarily a 

heat transfer process, extracting the excess heat from the concrete keeping 

the differential volume change at a minimum. 

The mineralogical composition of the aggregate is the chief factor affecting 

the thermal properties of the ooncrete. From Ref 6, Table 3.1 can be used for 

recommended values for the thermal coefficient. Other factors are richness 

of the mix, relative humidity, water-cement ratio, concrete age, and temper­

ature range. 

Strength, Modulus of Elasticity and Bond. These three properties are 

related, and are functions of time. Knowing the tensile strength-time rela­

tionship, the flexural strength, the compressive strength, the bond stress, 

and the modulus of elasticity can be obtained as follows (Ref 7). 

The split-tensile strength has a relation with the flexural strength 

that depends on the coarse aggregate type of the concrete: 

Concrete Type 

Gravel 

Limestone 

Light-weigh t 
Aggregate 

Ratio of Split-tensile * 
Strength to Flexural Strength 

5/8 

2/3 

3/4 

To have a clearer understanding of how to find the compressive strength, 

bond stress and modulus of elasticity of the concrete, a step-by-step summary 

will be discussed (Ref 7). 

* 

(1) Find the flexural strength using the above relationship. 

(2) Find the compressive strength 

Average value 

(f') by using 
c 
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TABLE 3.1. CONCRETE THERMAL COEFFICIENT AS DEPENDENT 
OF AGGREGATE TYPES (Ref 6) 

Type of Coarse Aggregate 

Quartz 

Sandstone 

Gravel 

Granite 

Basalt 

Limestone 

Concrete Thermal Coefficient (10-6 in/in/oF) 

6.6 

6.5 

6.0 

5.3 

4.8 

3.8 



where 

where 

where 

f' c 

4000 f 
r 

1000~f 
r 

f = flexural strength (psi) and 
r 

f' = compressive strength (psi). 
c 

(3) Compute modulus of elasticity of the concrete by 

E 
c 

y unit weight of the concrete (pcf) and 

E modulus of elasticity of concrete (psi). 
c 

(4) Compute the bond stress by using 

9.5~ 
c 

)..l = 

)..l bond stress (psi) and 

¢ bar diameter (inches). 
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(3.6) 

(3.7) 

(3.8) 

If age-tensile strength data cannot be provided, the solution may still 

be possible if the 28-day compressive strength is provided, and used with the 

United States Bureau of Reclamation formula (Ref 3) which gives the percent 

of the 28-day compressive strength for various intermediate ages as seen in 

Fig 3.4. 
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From this, it is clear that the concrete compressive strength can be 

known for each day and the modulus of elasticity for each also can be .obtained 

applying the equation previously mentioned: 

(3.7) 
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CHAPTER 4. GEOMETRIC MODELS 

In Jointed Reinforced Concrete Pavement (JRCP), crack occurrence is due 

primarily to internal stresses induced by changes in temperature and drying 

shrinkage. A set of basic equations that describe the stress variations with 

time is developed in the following sections. The externally induced stresses 

due to wheel load and other factors are not within the scope of this study, 

but the stress solutions due to other factors can be easily superimposed. 

Two models are necessary for the derivation of the basic equations to 

represent the behavior of the slab. A JRCP slab is a symmetrical element with 

each portion having a free end and a fixed end at the centerline of the slab 

where no movement will occur as graphically represented in Fig 4.1. This model 

is termed Mode1-1, and is used to determine the first crack occurrence. If a 

crack occurs using this model, the behavior of the slah will be different, 

because there will be two concrete free ends, but the steel is fixed in one 

end, creating the need of a different model, this model to be termed as 

Model-2, and is graphically represented in Fig 4.2. 

ASSUMPrIONS 

In order to solve the problem, the following assumptions are made: 

(1) The steel and concrete are linearly elastic. 

(2) A crack occurs when the concrete stress is equal to or exceeds the 
concrete strength. 

(3) After cracking, the concrete stress at the crack is zero. 

(4) The relative movement between concrete and reinforcing steel is 
zero in the fully bonded sections. 

(5) The frictional resistance to movement of dowels and tie bars is 
neglected. 

(6) Temperature variations and drying shrinkage are distributed uni-
formly throughout the slab. 

(7) Material properties are independent of space. 

(8) The friction force-displacement curve is elastic. 

(9) The steel is placed at the neutral axis of the slab. 

29 
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SIGN CONVENTION 

(1) Tension is positive. 

(2) Friction forces in the x-direction are positive. 

(3) Temperature drop is defined as the difference between the temper­
ature at which the concrete set and the minimum temperature at 
the time of consideration. 

(4) Movements in the x-direction are positive. 

Basic Equations for Model-l 

31 

For modeling the interaction between concrete, steel and the underlying 

soil when subjected to drying shrinkage and drop in temperature contractions, 

the several equations were developed. The concepts developed in Ref 7 for a 

continuously reinforced concrete pavement were taken as a starting point to 

solve the geometric Model-I. These equations can be categorized into the 

following groups: 

(1) general equilibrium, and 

(2) compatibility, 

(a) shrinkage, 

(b) temperature drop, and 

(c) friction. 

General Equilibrium. A free body diagram for Model-I, and stress distri­

bution in the steel and concrete for a given drying shrinkage strain (Z) and 

temperature drop (~T) are shown in Fig 4.3. The steel stress in the fixed end 

of the model might be tension or compression, depending on the magnitude of 

the shrinkage and drop in temperature. The concrete stress is always in ten-

sion, going from a maximum at the fixed end to zero at the free end; 

must be satisfied for equilibrium of the system, gives: 

L:F = 0 x 

F c + F s = S: F i dx 

L:F = 
x o 
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Fig. 4.3. Free body diagram and corresppnding stress distribution of Model-I. 



or 

where 

F + F 
c s 

F = c 
F = s 
F~ = 

1 

F. = 
1 

-S~ , 
F.dx 

1 
= o 

force in the concrete (lb), 

force in the steel (lb) , and 

friction force per unit length 

friction force per unit length 
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(4.1) 

along the slab, 

per unit width. 

As we are interested in determining the stresses, then equation 4.1 may be 

transformed to a stress equation by 

where 

Acr 
c c 

cr c 
cr 

s 
A s 
A c 

= 
= 
= 
= 

+Acr 
s s -S~ F'dx 

i = o 

stress in the concrete, psi, 

stress in the steel, psi, 

cross-sectional area of longitudinal 

cross-sectional area of concrete, in 

steel, 
? . 

For a unit width slab (L), equation 4.2 can be rewritten as 

A 
D cr + ~cr 

c L s 
= o 

where D = slab thickness (inches). 

Therefore, dividing by D, the equation becomes 

SX F .dx 
o 1 

D 
;: o 

(4.2) 

2 in and , 
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where 

L = slab width. 

Substituting 

implies 

A 
s A 

s p = A = DXL c 

cr + po c s 

sx F.dx o l. 
D = O. (4.3) 

Compatibility Equations for Model-I. The compatibility equations reflect 

the influence of the interaction between the slab contraction due to shrinkage 

and drop in temperature and friction in the concrete and steel stresses. For 

a more clear understanding, separate equations are derived for shrinkage and 

temperature drop, and then the principle of superimposition is applied to 

account for the total effect. In the development of the equations for shrink­

age and drop in temperature, it was assumed there was no relative movement 

between concrete and steel. 

(1) Shrinkage. The development of an equation is achieved by first 

assuming no bond between steel and concrete; that means that if the concrete 

contracts in the horizontal direction, no strain will develop because there 

is no restraint to that movement. But, if the restraint provided by the rein­

forcing steel (Fig 4.4) is taken into account, the concrete and the steel 

will experience strains, and the following relationship exists: 

= z 

where 
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where 

z = free drying shrinkage strain of concrete, 

e cz = concrete strain due to shrinkage (strain of concrete due 
to restraint of steel), 

eez = steel strain due to shrinkage (strain of steel due to 
shrinkage of concrete). 

The concrete will be in tension, and the steel in compression, then 

according to the sign convention 

Z = e cz + e sz 

Converting to stress with sign convention (tension is positive), 

Z = 
rJ cz 
E 

c 

rearranging terms, 

rJ 
CZ 

Z = 
E c 

let 

E 
s n = E c 

solving for rJ cz 

rJ 
+-E 

E s 

rJ 

a = E Z +-E 
cz c n 

) 

(4.5) 
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where 

0' = stress in the concrete due to shrinkage, Z, cz 
0' = stress in steel due to shrinkage, Z, sz 
E = elastic modulus of concrete, c 
n = modulus ratio, and 

E = elastic modulus of steel. 
s 

(2) Drop in Temperature. The variations in temperature tend to cause 

volume changes in both the steel and the concrete. As the air temperature 

goes below the casting temperature, the material contracts and induces tensile 

stresses in the concrete. In this work, both steel and concrete thermal pro­

perties are characterized by the linear coefficient of contraction or expan­

sion. As previously pointed out, the aggregate type governs the concrete 

thermal coefficient. 

To solve the problem, the concrete and steel are a~sumed to be fully 

bonded, meaning that both materials will have the same movement. From Fig 4.5 

for a unit length slab, the following may be derived: 

e c/:::' T - &: 
s/:::' T 

/:::, T (0' - 0' ) 
C S 

e 
c/:::' T /:::, T (0' C - 0' s) + &: s/:::' T 

where 

€ = strain in the concrete due to a temperature drop 
c/:::' T 

€ = strain in the steel due to a temperature drop /:::,T 
s~T 0 

/:::'T = drop in concrete temperature ( F), 

0' = concrete linear thermal coefficient (/0 F), and, 
c 

(/0 F). 0' = steel linear thermal coefficient 
s 

For a stress equation, equation 4.6 can be written 

0' 
c/:::' T 

0' /:::, T 
/:::, T (0' _ 0' ) Ec + -=s=..::;... 

c s n 

(4.6) 

/:::'T 

, 

(4.7) 
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where 

cr cf'::, T = stress in the concrete due to f'::, T (psi), 

cr sf'::, T = stress in the steel due to f'::, T (psi) . 
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If the principle of superimposition is applied to the concrete and steel 

stresses due to Z and f'::, T , the total stress can be predicted as follows: 

cr = cr +cr 
c cz cf'::, T 

cr = cr +cr 
s sz s.6. T 

Substituting the values of cr 
cz and cr c/'::, T 

cr 
c 

= 
cr 

s + E [Z + f'::, T (a - a )] 
c c s 

n 

from Eqs 4.5 and 4.7, 

(4.8) 

Equation 4.8 represents the effects of shrinkage and drop in temperature in 

the concrete slab. 

(3) Friction. When a concrete slab contracts due to loss in moisture 

and drop in temperature, the local movement of the slab increases from zero 

at the geometric center of the slab to a maximum at the edges as shown in 

Fig 4.6. This movement, if restrained, will produce stresses in the slab 

as happens when the base friction acts. The stresses produced in the 

slab by the base restraint will decrease from a maximum at the geometric 

center of the slab to zero at the free edges. Therefore, tensile stresses 

will be generated by this restraint to the slab, increasing the tensile 

stresses created by the reinforcing steel which also restrains the contraction 

of the concrete. 

The frictional resistance increases with movement; therefore, its effect 

should be represented by the complete curve defining the friction-movement 

relationship. Considering the free body diagram of a slab element of length 

dx , which experiences a movement Yc and a corresponding friction force Fi 

(Fig 4.7), then EFx = 0 gives 
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dFc + dFs = -Fi'dx 

or expressed into a stress equation: 

A dcr + A dcr = 
c c s s 

dcr + pdcr 
c s = 

, 
-F .dx 

1 

D 
dx (4.9) 

but from Eq. 4.8 and since material properties are assumed to be independent 

of space (assumption 7) we conclude: 

cr 
c = 

o 
-.!. 
n 

+E[Z+6T(a -a)] 
c c s 

Differentiating, with respect to x, 

do 
c 

dx 
= do s 1 

--x-+O 
dx n 

and solving for do 
s 

do == nd 0 
s c 

Substituting into equation 4.9 

do + pnd 0 
c c 

do 
--.£. = 

dx D 

F.dx 
= _1_ 

D 

1 
(1 + pn) 

(4.8) 

(4.10) 

(4.11) 

With equation 4.11, the inclusion of the friction forces into the generalized 

system of equations is possible. 



Equation 4.11 shows the concrete stress changes at a rate along the 

slab, which is a function of the frictional resistance between the base and 

the slab. 
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(4) Movement of Concrete. The local movements of the slab are required 

in order to compute the frictional resistance. As pointed out before, different 

points along the slab will experience different movements which go from a max­

imum value at the free edges to zero at the geometric center of the slab. 

The slab movement can be obtained when superimposing the movements due 

to shrinkage and drop in temperature as follows: 

for shrinkage: 

dY 
cz 

= e c.z - Z 

Integrating: 

Y' cz 
\'X 

== Jo e cz dx - Zx + kl 

for temperature: 

d Y c.C:. T 

dx 

Intergrating: 

Thus, 

Y 
c 

== 

== e -0'6T 
c6T c 

Y AT + Y Cu cz 

(4.12) 

(4.13 ) 

(4.14) 
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where 

y 
cz 

Y c.L:, T 

Y c 

= concrete movement due to shrinkage (inches) 

concrete movement due to drop in temperature (inches) 

= total concrete movement at the joint due to Z and !:::, T 
(inches), and 

= constants of integration. 

Then, from 4.12, 4.13, and 4.14 

If 

e = e c!:::' T + e 
c cz 

k3 = k2 + k1 

then 

Y = S~ € dx - (Z + a c!:::' T ) x + IS c c 

But at x = 0, Y = O. c 

Therefore, 

Y = ~~ e dx - (Z + a !:::, T) x 
c c c 

(4.15) 

or if expressed into a stress equation, 

~ cr x c (Z + a !:::, T) x Y = - dx -
c o E c 

c 
(4.16) 



(5) Joint Width. From equation 4.15, it is possible to evaluate the 

joint width, by integrating at x = 
x 
2 

as follows: 

But Y 
c 

= 
x 

S2 ac 
- dx 

o E 
c 

- (Z + Ci llT)x 
c 

will be the concrete movement of one half of the slab, thus if 

is the joint width, it can be written that 

llXj 2 Y 2 (~c x 
- ( Z + Ci cll T) ID = = c 2 

c 
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llXj = x [~: - (Z + "cOTl] (4.17) 

where 

llX = joint width (inches), and 

- total length of the slab (inches). x = 

It is very important to know the width of a joint, because limiting it 

to a maximum value that will provide load transfer and avoid percolation, the 

design of the required steel percentage to produce that condition can be 

determined using a trail and erro~ procedure. 

With the equations previously developed, Model-l can be solved for 

stresses, strains, movements and joint width, but these equations are not 

sufficient enough to s~lve Model-2 which is required after the first crack occurs. 

Basic Equations for Model-2 

After the first crack occurs, Model-l will change into Model-l plus 

Model-2, because the portion of the slab going from the crack to the free end 

will have one end with longitudinal steel in the crack resisting and the other 

end free. A problem of bond development length is present at the crack, 

because the steel requires some finite length to transmit the stress to the 

concrete. Both ends will contract, but the one with the steel, in a fixed 
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condition, will have more restraint. Consequently, the point of zero move­

ment will be more towards the crack side as represented in Fig 4.8. 

From Fig 4.9 the need for Model-2, that consists of a portion of the slab 

with a fixed end can be seen. The boundary conditions for Model-2 are similar 

to the model developed in Ref 7 to solve a continuously reinforced concrete 

pavement. 

The basic equations for Mode1-1 are also useful for this model taking 

into account the signs, but they are not sufficient to solve the problem. 

As previously discussed, the steel stress at the crack will be transmitted to 

the concrete through a development length or a bond slip length. The steel 

at the crack is under considerable tension since the concrete provides no 

resistance. However, beyond the crack, the concrete does resist moderate 

amounts of tension stresses, reducing the tensile forces in the steel, 

creating a variable force in the bar. From this, it can be seen that an 

equation for this bond slip zone is needed. 

Bond Slip Zone Equation. Since the steel bar must be in equilibrium, 

the change in bar force is resisted at the contact surface between concrete 

and steel. From the free body diagram in Fig 4.10 for the steel bar, 

~F = 0 yields: 
x 

where 

F - (F + dF ) + Udx = 0 
s s s 

U = average bond force per unit length of the slab. 

'Therefore: 

Since 

dF 
s 

dx 
= U 

U = ~ ~ o 

(4.18) 

(4.19) 
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Model-2 Model-I 
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-- - ---u 

F-I 

Fig. 4.10. Free body diagram of an element in the bond slip zone of Model-2. 



where 

!-L = bond stress; !-L = 9.5.jf[ 
¢ 

ft = compressive strength of concrete, 
c 

L: = perimeter of the bar (s) • 
0 

¢ = bar diameter. 

Substituting the value of U from Eq 4.19 into Eq 4.18 

dFs 
dx = !-L L: 0 

and transforming equation 4.20 to a stress equation using 

Fs = a A 
s s 

yields 

A 
das 

!-L L: 0 = s dx 

and 

dO" 
I:!: L: 0 __ s_ = dx As 

Since 

A = £ 
s 4 

and 

L: = n¢ 
0 
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(4.20) 
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then 

dO" 
~ ~ s = = dx 2 ¢ 
!!L 

4 

Therefore: 

do s ~ (4.21) = dx ¢ 

For a constant bond stress ~ , the variation of the distribution of 

steel stress in the bond slip zone is linear. The slope in the concrete stress 

curve in the bond slip zone also depends on the bond properties; then, if 

LFx = 0 is applied to the concrete element in Fig 4.10, the following is 

obtained: 

Since 

then 

F - (F + dF ) - F1~dx - Udx = 0 c c c 

dF = -F~dx -c 1 

dF -F I U c = -
dx i 

p = 
A 

s A and CJ c 
c 

dac 
-F'. d,A = x C 1 

de; F' - c i = dx A. 
c 

-

= 

Udx 

o 

F 
~ 
A 

c 

~o 

~pI: a 
A 

s 



d0- c 
dx 

dcr c 
dx 

= 

= 

-F' 
i 

A 
c 
~ 
~2 

4 

-F' 
i ~ 

T- ¢ 
c 

For a unit width slab Ac = D xl, then 

dcr c = dx 
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(4.22) 

The shape of the concrete stress curve can be linear if the maximum 

frictional resistance force is developed, because the slope of that curve is 

a function of bond as well as bond properties as can be seen in Eq 4.22. 

Also, the general equilibrium for Model-2 is diffepent than the one for 

Model-I, because of the steel being fixed at one end of the slab. Figure 4.11 

shows the free-body diagram for Model-2, and solving for equilibrium of the 

system, ~Fx = 0 yields 

- SXoc F + F - F F~dx so co sc 1 
= o (4.23) 

where 

F = force in the steel at point of zero movement (lb), 
so 

F = force in the concrete at point of zero movement (lb) , co 
F = force in the steel at the crack (lb), and 

sc 
F. = friction force per unit length along the slab (lb/in). 

1 

Transforming Eq 4.23 to a stress equation, 

A (j + A (j - A (j - ('x Fidx = O· 
s so c co s sc JO (4.24) 
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Fig 4.11. Free-body diagram and corresponding stress distribution of Mode1-2. 



sa 

and for a unit width slab 

s~ Fidx 
po so + 0 co - po sc - D = 0 

or 

S~ Fidx 
o co + po so = pa + D sc (4.2S) 

At transverse cracks, local lateral movement will not be experienced by 

the steel. This means that the length of the steel bars will remain constant 

with temperature changes, then, 

for x, 

where 

Since 

€s = Ci AT 
s 

S a ~ dx = QI a /::, T 
o s s 

C dx 
s 

= 

= QI b/::,T 
s 

the distance between the first crack and the point of zero 
movement. 

x = a + b c 

substituting for a + b, 

QI /::, T X 
s c 
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and 

o = e .E s s s 

therefore 

Sa 0 dx + Sb 0 dx = E a X T 
o s ass s c 

where 

a = fully bonded length of 

b = bond slip zone. 

Summary of Equations 

x 
c 

(4.26) 

A summary of equations for each model follows to clarify for the reader 

which equations apply to each model: 

Mode1-1: 

(1) Equilibrium 

o + po c s 

~x F .dx o l. 
- n o 

(2) Concrete stress due to shrinkage and drop in temperature 

o 
c 

= 
a 
~+ E 
n c 

(3) Friction 

doc 
dx 

= 
-F. 

l. 

n x 

[z + AT(ac - as)] 

1 
(1+pn) 

(4.3) 

(4.8) 

(4.11) 



(4) Concrete movement at joint 

~x °c 
Yc = - dx - (Z + ac6T)x o E 

c 

(5) Joint width 

6X. 
J 

Model-2: 

= x [~ c - (Z + acA T ) ] 
c 

(1) Equil ibrium 

a + pa co so 
S: F i dx 

- pa + sc D 

(2) Concrete stress d~e to shrinkage and drop in temperature, 

° a
c 

= s + E [Z + 6 T (a - as)] 
n c c 

(3) Friction, 

doc 
= 

dx 

(4) Crack width 

(5) Steel boundary conditions 

(' a a dx + ('b a dx = E Q' X 6 T 
.)0 s .)a s s s c 
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(4.16 ) 

(4.17) 

(4.25) 

(4.8) 

(4.11) 

(4.26 ) 
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The Approach 

The work done in Research Project NCHRP l-lS (Ref 7) reduced the 

degree of difficulty in solving this problem. The mathematical model developed 

in the above research project corresponds to the Model-2 and makes the solution 

of this work less problematic. 

The first step in solving this problem is to search for the time and slab 

position at which the crack will occur. The approach used will be to divide 

the slab length into N number of increments and solve the basic equation 

for Model-l (N/2) times for a fixed time and change the length of the model 

by adding one 8X to the previous one for each new cycle, as illustrated in 

Fig 4.12. This means that for a given time, the concrete stress-distance 

relationship will be known and will change with time as shown in Fig 4.13. 

To know if cracking of the slab is going to occur, the concrete stress­

distance relationship for each time is equated to the concrete strength at the 

corresponding time. The remaining equation is solved for distance, and this 

distance is compared with x/2 and if it is equal or less, a crack is going 

to occur. If the distance is greater than x/2 , there will be no crack. 

If a crack does occur, say at time t l , then the problem changes into a 

different one, because now the slab will have only the steel at the crack. 

This steel bar takes all the tensile stresses generated at that point, and then 

throughout the bond-slip zone, the concrete receives part of the total tensile 

stresses. Due to shrinkage and temperature drop, this portion of the slab 

will tend to contract. The restraint to the movement of contraction at the 

free end will be provided by the friction resistance between slab and base, 

and by the reinforcing steel. At the other end, that is where the first 

crack occurred, the same restrictions as for the other end apply plus the 

restriction given by the steel that is fixed to the other face of the crack 

as shown in Fig 4.14. 

It is obvious that the solution for the second crack is not possible to 

achieve by using one model. The approach to find the solution is to solve 

Model-l and Model-2 separately for the time which follows the occurrence of 

the first crack. Then find the corresponding curves for each model of the 

concrete stress-distance relationship (Fig 4.1Sa) and then find the 
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intersection point of the" two curves. Now, the maximum concrete stress can be 

found that will correspond to the point of zero movement (Fig 4.15b). A crack 

can be detected by comparing the maximum stress with the concrete tensile 

strength at the same time. 

SOLUTION OF THE BASIC EQUATIONS 

As the primary purpose of this work is to search for cracks in jointed 

reinforced concrete pavement slabs, knowing that a crack is going to occur if 

the concrete tensile stress is greater than the concrete tensile strength, the 

equations will be solved first for the stress in the concrete as follows: 

Mode1-1 

Solving Eq 4.8 for o s 
yields 

as = nO"c - nE [Z + liT (Q' - Q' ) ] c c s 

and substituting as into Eq 4.3 yields 

('x F dx 
a + pn" - pnE [Z + lIT(Q' - Q' )] -.l£.....::.C = 0 

c c c c s D 

Solving for a c 

ac (1 + pn) = pnE [Z + lIT(Q' - Q' )] + S~ Fi dx 
C s D 

a c = 

SX F idx 
pnE [Z + lIT(Q' - Q' )] + 0 D c c s 

[1 + pnJ 
(4.27) 

Using the friction-movement relationship provided by the user, and using 

Eq 4.16, the friction force can be obtained, thus Eq 4.27 can be solved. An 

iterative procedure must be used, because the concrete movement is a direct 

function of the concrete stress, and the concrete stress is dependent on the 
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friction force. Using the findings from Research Project NCHRP 1-15, this 

problem was solved by using a binary search technique by which the concrete 

stress is computed by assuming Fl o and then the concrete movement Yl 
is computed using that concrete stress. Movement Yl is then used to determine 

F 
s 

from the experimental curve, with being the upper boundary. The 

basic equation is again solved for concrete stress using and computing 

the concrete movement Y
2 

' which will correspond to F3 ' the lower boundary, 

from the experimental curve. Now, F4 will be the arithmetical average of 

F3 and F
2

. To determine the relative location of F4 with respect to the 

closure point, Y
4 

is computed and compared with the experimental Y
4e 

that 

corresponds to If is greater than Y4e ' then F4 to find FS' 

is above the closure point, and 

F4 ' and continue to relative 

and if 

then 

Y4e is greater than Y4 ' then F4 

FS will be the average of F3 and 

closure (Fig 4.16). 

Then the values of 0c and Fi corresponding to the friction-movement 

closure point are used to compute the stress in the steel by using the following 

equation: 

slab. 

as = 
s~ F i dx 

pD 
° c 
p (4.28) 

With the above information, Mode1-1 is solved for any point along the 

The method of attack to search for a crack consists of the following 

steps: 

(1) Divide the total slab length into 
an increment length equal to ~ 

N number of increments to have 
::: i/N, 

(2) for a given time, solve Mode1-1 for a distance equal to 6X, the 
increment length 

(3) 

(4) 

increment the Mode1-1 length into another 
a 

s 

6X and solve for a and 
c 

continue incrementing ~ by one 6X and compute a and a c s 
until 6X is equal to half the total slab length, 

(5) having the stress in the concrete for each 6X, an equation relating 
a

c 
= f(distance) is computed, 
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(6) 

(7) 

substitute the value of a 
c in the above equation by the concrete 

strength f' 
t at that time and find the corresponding distance, 

Dist f (f~) , and 

if that distance is greater than half the slab length, no crack will 
occur at that time, but if the distance is less than or equal to 
half the slab length, then a crack occurs at that same distance. 

This process is shown in the flow diagram in Fig 4.17. 

Model-2 

For information on how Model-2 is solved, the reader is referred to Ref 7 

where a complete discussion and explanation of the solution of the Model-2 is 

given. 

If the first crack occurs, say at time t7 , then, Mode1-1 is used as 

described above for time t8, and Model-2 is also solved for that time t8 • 

The solution of Model-2 is achieved by using the solution given by 

Research Project NCHRP 1-15 (Ref 7) to the CRCP model and is the same as for 

Model-2. The only variation is that the concrete stress is computed for each 

~X until ~X is equal to half the length between the crack and the free end. 

At the end of each time, there will be a stress-distance relationship, and 

when intersected with the one for Mode1-1 at the same time (age), it will indi­

cate the magnitude and location of the maximum concrete stress for that age, 

so that when compared with the concrete strength at the same age it will 

indicate if a second crack w11 occur. 

Combining Models 1 and 2 

(1) Mode1-1 is solved for concrete stress at any point along the slab 
for one-half the slab length using the first five steps of the 
procedure described previously. 

(2) Model-2 is solved for concrete stress at any point along the slab for 
one-fourth the slab length using procedure described in NCHRP 1-15 
Report. 

(3) The stress distance relationships from Mode1s-1 and 2 are equated to 
find the point of zero movement. The distance point of intersection 
from the Mode1-1 relationship is designated as distance from joint 
to point of zero movement (x.). The equivalent movement from Model-2 

J 
is designated as distance from crack to point of zero movement (x ). c 

(4) The concrete stress at the point of equal movement is checked 
against the concrete strength at that time. If the concrete 
strength is exceeded, a crack is assumed at that point. Its width 
is computed and the procedure halts. 
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Fig. 4.17. Flow diagram for the search for the first crack. 
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(5) If the concrete strength is not exceeded at the point of zero move­
ment, the time is incremented. This procedure continues until the 
concrete strength is exceeded, the concrete reaches full strength, 
or the steel stress at the first crack rises above a specified 
maximum. 

If the concrete reaches full strength, the procedure is 
performed one more time using the minimum temperature expected for 
the area to test the stresses in the steel and concrete. 

If the specified maximum (.75 X yield stress) is exceeded by the 
steel stress at the crack, a message is printed and the problem 
terminates. 

STEEL DESIGN 

The methods currently used to determine the percent reinforcement for the 

JRCP originated from several questionable assumptions and limitations, and the 

present pavements are having different performance problems. To explain and 

avoid the performance differences, a better qualitative evaluation is required. 

The subgrade drag theory is the most recent approach in the solution of 

the reinforcing steel design, and because of that, the present work will use 

this method as a first approximation to find the steel percentage that will 

hold the cracks tightly together. 

The process will be as follows: 

(1) Compute steel percentage by subgrade drag theory (Ref 19). 

where 

p = 

p = 

L = 
f = s 
F = 

LF 
2f 

s 
x 100 (4.29) 

percentage steel required (cross-sectional area) (percent), 

distance between free edges (feet), 

allowable working stress in steel (0.75 of yield strength), 

friction factor of subbase. 

(2) With the computed steel percentage, analyze the slab and search for 
a crack, and if a crack does not occur, remove the steel. 

(3) If a crack occurs, check crack width, and if it is less than the 
maximum crack width, the steel design is checked for stress versus 
strength. 
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(q) If a crack occurs, check crack width, and if it is greater than the 
maximum crack width, the steel percentage is increased in half of 
its previous value and is checked again. 

(5) If a crack occurs, and the crack width is within the range, the 
stress in the steel at the crack is checked for its allowable 
working strength, and if the stress is greater than its allowable 
working strength, the steel percentage is increased by half of 
its value and checked again. 

Table 4.1 suggest values of the friction factor F for use in 

equation 4.28. When the steel percentage using the maximum crack width 

criteria is obtained, the steel spacing is computed by means of the following 

relationship (Ref 19): 

Y = x 100 (4.30) 

where 

p = percentage steel required, 

D = slab thickness (inches), 

AB = cross-sectional area of steel bar or wire (square inches), 
and 

Y = center to center spacing (inches). 

The procedure used can be explained as follows. Each time the slab 

length is divided into NT increments; for each increment the concrete and 

steel st~esses are solved. At the completion of the study of half the slab 

length, a stress equation as a function of slab length is obtained by using 

the stress values of each increment. So, for each day there will be a stress­

distance relationship. The concept used to search for a crack was to equate 

the stress equation with the value of the strength of the concrete at the 

same time; then, by solving the equation for distance, the distance at 

which the concrete stress is equal to the concrete strength is obtained, and 

if that distance is less than or equal to half of the slab length, a crack will 

occur at that distance; but, if the distance obtained is greater than half of 

the slab length, there will be no crack (Fig 4.18). 
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TABLE 4.1. RECOMMENDED FRICTION FACTORS (Ref 19). 

Subbase Type 

Surface Treatment 

Lime Stabilization 

Asphalt Stabilization 

Cement Stabilization 

River Gravel 

Crushed Stone 

Sandstone 

Natural Subgrade 

Subbase 
Friction Factor 

2.2 

1.8 

1.8 

1.8 

1.5 

1.5 

.r 1. 2 

0.9 

Note: These are approximate values derived from experimental observations. 
The friction factors in this table cannot be equated with the slab-base 
friction relationship required to properly characterize the restraint 
forces. 
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If a crack occurs, the corresponding crack width is calculated and com­

pared with a maximum allowable value of crack width*; when the crack width 

is within this range, the program will change to the Model-2 at the time 

when the first crack occurred; the stress in the steel is obtained and is 

checked against the steel strength, and if the stress is greater or equal to 

the allowable working strength, the steel percentage is increased and the 

analysis starts again. If the stress in the steel is less than its allowable 

working stress, the program continues searching for the second crack occurence 

for the fol1@wing day. The solution for the second crack occurrence is 

achieved by solving Mode1-1 and Model-2, as previously discussed. At the 

intersection of these two curves, the value of the maximum concrete stress is 

obtained; then, by comparing this value with the concrete strength for that 

same time, it is possible to see if a second crack is going to appear, fol­

lowing the computation of the width of that second crack. If a second crack 

occurs, the crack width of this secon crack is checked by using the above 

procedure, and then the program is terminated. If either the first or 

second crack width is not within the range, the steel percentage will be 

changed, incrementing its value in P/2 if the crack width is greater than 

it maximum value, or reducing its value in P/2 if the crack width is less 

than 0.012 inch. Then the new design is analyzed again starting from day 

one. The program is finished when both the first and second crack widths are 

within the specified range and the stress in the steel at the crack is less 

than its allowable working strength. 

NON-REINFORCEMENT DESIGN 

For possibly obtaining a less expensive pavement slab, a design pro­

cedure for non-reinforced slabs was included in the program. This design 

procedure will give a slab length which will provide a non-cracked slab, which 

is the desired state of a non-reinforced pavement slab. In order to get a 

realistic design, the slab is analyzed at each time until the twenty-eighth 

day, and if for each of the days the concrete stress curve ~ntersects the 

* Maximum value for crack width is provided by the user. 



concrete strength curve between 0.50 and 0.75 of the slab length, this slab 

length will be taken as optimum and is the one that will be given as the 

result (Fig 4.19). 
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CHAPTER 5. REINFORCEMEN'r ANALYSIS PACKAGE 

The computer program developed is designated by JRCP-1. The number 1 

signifies that this is the first version of the chronological sequence intended 

for future development. 

The program is written in FORTRAN IV computer language for the Control Data 

Corporation 6600 digital computer, which has a 60-bit word length. The com­

pile time for the basic program is less than 12 seconds. If desired, normal 

operating decks may be compiled on binary cards, thus reducing compiler time 

in the computer significantly. The exact storage requirement for the program 

presently is 60,000 locations. The program can be adapted for use with the 

IBM 360/370 computer by very slight modifications. 

The time required to run problems varies, of course, with the complexity 

of the system, e.g., the nature of the friction-movement relationship, the 

variation of the concrete strength with time, increment length, and the number 

of iterations required to obtain the desired accuracy and the option being 

used. To give a general idea of the operating time, for a relative closure 

tolerance of one percent and an average problem similar to the sample problems 

in the report, the computer time is in the range of 70 to 80 seconds for the 

steel design option. By considering the number of non1inearities involved in 

the encountered problem it can be concluded that the algorithms developed in 

the various non1inearities provide extremely fast convergence. The cost of 

seconds of computer time is negligible compared to the benefits derived from 

the fact that this computer program provides a new and better way of solving 

highly complex JRCP problems. 

THE INPUT nATA 

The format used for inputting data into the program is arranged as con­

veniently as possible. The problem input deck starts with two cover cards 

which identify the program and the particular run being made. The information 

on these cards is alphanumeric and is used to denote projects, coding dates, a 
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description of the problems being run, etc. After these two alphanumeric cards 

the following cards come in this order: 

(1) Problem number card with alphanumeric description of the problem. 

(2) Slab Dimensions - one card. This card includes the length of the 
slab, the width of the slab, the friction factor used to compute the 
initial percent of steel, the maximum allowable crack width, the 
steel design option and the non-reinforcement option. The format 
and units used are fully described in the user's guide (Appendix 1). 
It is important to point out that even if the non-reinforcement 
option is used a slab length must be provided. 

(3) Steel Properties - one card. Information on this card includes the 
type of longitudinal reinforcement, bar diameter, yield stress, mod­
ulus of elasticity, thermal coefficient, and spacing of transverse 
wires in the case of deformed wire fabric. The format used to input 
the required information is shown in the Guide for Data Input in 
Appendix 1. 

(4) Concrete Properties - two or more cards. The first card contains 
the slab thickness, thermal coefficient, final or total drying shrink­
age, unit weight, and 28-day compressive strength. On the second 
card is Age-Tensile Strength relationship; if unavailable, the data 
will be generated internally using the recommendations suggested by 
the United States Bureau of Reclamation. 

(5) Slab-Base Friction Relationship. The number of cards is variable 
depending on the number of points defining the F-y relationship. 
It is worth noting that according to the sign convention adopted in 
this study, the input movements should be negative and the friction 
forces should be positive. The program assumes a symmetric curve 
with respect to the origin. 

(6) Temperature Data. This part of the input data deals with the analy­
sis period directly after concrete placement where the average cur­
ing temperature and the minimum daily temperature for the desired 
number of days are input. The number of cards required is variable 
and depends on the number of data points. 

(7) Maximum Iterations and Closure Tolerance - one card. The primary 
objective for the maximum number of iterations is to prevent exces­
sive computation. Most pavement problems should close to a reason­
able tolerance within ten iterations; an allowed maximum of 20 is 
usually adequate. Relative closure tolerance is used for all the 
nonlinearities involved in the problem. It should be expressed in 
percent. If the tolerance is unreasonably small, closure may be 
difficult to achieve. A value of one percent is recommended. 
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PROGRAM OPTIONS 

In order to obtain the major benefit of the program capability, the user 

is provided with three options. The options are as follows: 

(1) Analysis of a given design. The user by using this option can ana­
lyze a given design (slab dimensions, steel percentage) for crack 
occurrence and crack width. Also, when there is a crack, the program 
will tell the user if the crack width is bigger than the maximum 
allowable value of crack width for aggregate interlock provided by 
the user. 

(2) Steel reinforcement design. For a given slab geometry, the program 
designs the steel for two differen kinds of reinforcement, deformed 
bars and deformed wire mesh. The steel design is based on the con­
cept of having a crack width between 0.023 inch and 0.012 inch. 

(3) Design of the required length for a non-reinforced slab. Given 
a tentative slab length, the program will analyze the slab for 
a non-crack occurrence state, and will give the optimum length for 
that case, based on the concept of optimization for non-reinforced 
slab length previously discussed. 

ADDITIONAL RESEARCH NEEDED 

A basic theoretical procedure which analyzes the effects of drying, 

shrinkage, and drop in temperature in a concrete pavement slab (either rein­

forced or non-reinforced) has been developed; it is a useful tool to the 

man trying to simulate nature with theory. The design procedures developed 

tend to be more realistic, but in order to make a real, or better said, 

more real, representation of the "real world condit ions," the following 

points need to be studied: 

(1) frictional resistance of the sub-base layer, 

(2) the inclusion of the restriction to movement of the slab provided 
by the dowels, 

(3) variability of concrete properties, 

(4) prediction of the concrete temperature from air temperature, 

(5) effects of the slab movement in the transverse direction, 

(6) addition of load and warping stresses, and 

(7) field studies to test the reliability of the program. 
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CHAPTER 6. STUDY OF VARIABLES 

The purpose of this chapter is to describe how temperature drop and 

subgrade friction influence the concrete tensile stress pattern. These two 

factors are considered to be the most important for the scope of this study. 

Also, a graph of steel stress at the crack versus time is presented to empha­

size the importance of having the steel stresses checked versus its allowable 

working stress each day. 

STUDY OF SUB-BASE FRICTION 

It is important to note as shown in Figs 6.1 through 6.4, the concrete­

tensile stress versus the number of increments in which the slab length was 

divided is plotted for high and low sub-base frictions. The increment numbers 

start at the joint and increase toward the center. The large difference in 

the stress levels demonstrates the great effect the sub-base friction has on 

the crack occurrence in the concrete slab. For this graph, all elements except 

daily drop in temperature remain constant for each sub-base friction. 

STUDY OF DROP IN TEMPERATURE 

For this study, all the factors, but temperature drop, were held constant 

for each day. The concrete-tensile stresses versus the number of increments 

were plotted for drops in temperature of ten and thirty degrees Farenheit as 

shown in Figs 6.5 and 6.7. From these figures it can be seen that for large 

drops in temperature, the concrete-tensile stresses may exceed the concrete­

tensile strength, leading to a crack formation. 

STUDY OF THE STRESSES OF THE STEEL AT THE CRACK 

After a crack occurred in the concrete slab, the reinforcing steel was 

subjected to the tensile stresses that the concrete had before tae crack, and, 

at the crack, the only element capable of resisting the tensile stresses was the 

reinforcing steel. As the slab attempted to contract with time, the tensile 
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Fig 6.1. Concrete tensile stress for two sub-base frictions 
at the first day after concrete placement. 
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pattern of the tensile stress of the steel at the crack emphasized the 

importance of checking the tensile stress of the steel at the crack against 

its allowable working stress on a daily basis. 
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CHAPTER 7. CONCLUSIONS, RECOMMENDATIONS AND IMPLEMENTATION GUIDELINES 

Cracking in a jointed reinforced concrete pavement is a prime factor 

leading to the reduction in pavement performance depending on the crack width. 

Water percolation, spa11ing, loss of 1aod carrying capacity, and pumping are 

some of the distress manifestations which vary with cracking in the slab. 

This study focused on developing a design analysis package that would consider 

the effects of drying shrinkage and drop in temperature to minimize the effect 

of transverse cracks in jointed concrete pavement. 

CONCLUSIONS 

Based on this study the following conclusions are warranted: 

(1) The sub grade drag theory currently used for the design of longitu­
dinal reinforcement in a jointed reinforced concrete. pavement is 
inadequate for the range of subbase conditions currently in use 
throughout the U. S. The present method makes unrealistic static 
assumptions in computing the required steel, whereas the joint 
width and crack width function vary immediately with changes in 
temperature and shrinkage. Although the primary mode of failure 
for these paveemtns is at transverse cracks and joints there is 
no control in the present methods for crack width or joint width. 

(2) A computer program (JRCP-1) developed in this study more real­
istically models the complex interaction and movement character­
istics between the concrete slab and the subbase layer at the±r 
interface. The crack width, longitudinal steel stress, and the 
concrete stress are predicted as a function of temperature and 
concrete drying shrinkage. The maximum crack width information 
developed in connection with NCHRP 1-15, "Design of Continuously 
Reinforced Concrete Pavements for Highways," may be used with this 
program to design jointed concrete pavements. 

X3) The program internally examines the occurrence of three cracks in 
the slab. The first crack (model 1) is assumed to occur near the 
center of the slab; the second crack and third crack (model 2) are 
assumed to occur between the middle of the slab and the free joints. 

(4) The program has the capability of providing the user with the 
following three options: 
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(a) analysis of a given design, crack occurrence and crack width, 

(b) steel reinforcement designed for a given slab geometry in 
environmental conditions, and 

(c) the design of the required maximum length for a non-reinforced 
slab to eliminate the possibility of intermediate transverse 
cracking. 

(5) A limited sensitivity analysis in the program shows that subbase 
slab friction characteristics and the tmperature conditions during 
curing have a large influence on the occurrence of crack, resulting 
crack width and the resulting steel stress at the crack. 

RECOMMENDATIONS 

Based on the study the following recommendations are made: 

(1) The wheel load stresses should be superimposed on thise predicted 
by temperature changes and drying shrinkage. There is evidence from 
studies of continuously reinforced concrete pavement that wheel 
load stresses may influence the formation of transverse cracks, 
especially during the early life of the pavement. 

(2) A range in temperature conditions should be selected on the basis 
of geographic areas in Texas to study variations in performance with 
respect to temperature and shrinkage cracking. These geographic 
areas should be the same as recommended for implementation of com­
puter program CRCP-1. 

(3) The stochastic variations of cracking should be approximated in the 
program by using standard deviations of the more important inputs 
and a random generator to simulate this variation. 

IMPLEMENTATION GUIDELINES 

The following steps are recommended for implementation of the computer 

program after recommendation (1) has been completed: 

(1) A user's manual should be developed for the SDHPT using the 
operating manual for program JRCP-1 in Appendix 1 as a guideline. 

(2) The temperature data developed in connection with the recommendation 
(2) should be used to develop a range of solutions, crack width, 
crack spacing, and steel stress for different material properties. 

(3) The information from the preceding number should be used to develop 
a design manual for CRCP that woud1 reflect more variables than 
taken in to account at the present time; thus the performance level 
of CRCP would be improved. 
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APPENDIX 1. OPERATING MANUAL FOR PROGRAM JRCP-l 

Program Opera t ion 

The general procedures followed in the program are described in the attached flow chart. A problem 

number card at the beginning of each problem controls the start of the solution. Unless an error occurs 

because of unacceptable data, the program will work any number of problems in sequence, finally stopping when 

a blank problem number card is encountered. 

The data deck starts with two cover cards used to identify the program and the particular run being 

made. The problems to be solved together in one run are stacked behind the cover cards in sequence as illus­

trated in Fig. AI.I. Each problem consists of one problem number card with alphanumeric description of the 

problem. This is followed by slab properties, steel properties, concrete properties, slab-base friction 

relationship, temperature data, minimum allowable number of iterations, and tolerance for relative closure. 

Guide for Data Input 

The following pages provide a guide for Data Input. It should be expected that revisions of these 

forms and instructions will be developed in the future and may supersede the present versions. 
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Fig AI.I. Assembly order for JRCP-I program deck with data, ready to run. 



JRCP-l - GUIDE FOR DATA INPUT -- Card forms 

IDENTIFICATION OF PROGRAM AND RUN (2 alphanumeric cards per run) 

Description of Run 

IDENTIFICATION OF PROBLEM (one card each problem; program stops if PROB NUM is left blank) 

PROB NUM 

AS I I Description of Problem (alphanumeric) 
I 5 II 

SLAB DIMENSIONS 

FT FT lb lin/in 
SLAB SLAB NUMBER OF FRICTION IN 

LENGTH WIDTH INCREMENTS FACTOR CRWM ISTDS 

1 

FS.4 
1 

FS.4 IS FS.4 
1 

FS.4 12 

8 16 21 29 37 

slab length must be understood as transverse joint spacing 

STEEL PROPERTIES (one card each problem) 

. 2 
ln 

1 
41 

NRF 

12 
1 

43 

80 

80 

80 

ITYPER 
PERCENT 

REINFORCEMENT 
BAR 

DIAMETER 

(PSI) 
YIELD 
STRESS 

(PSI) 
ELASTIC 
MODULUS 

/oF 
THERMAL 

COEFFICIENT 
TRANSVERSE 

WIRE SPACING* 

~ ElO.3 

5 II 

ISTDS 

ISTDS 

* 

ElO.3 ElO.3 ElO.3 ElO.3 ElO.3 

21 31 41 51 61 

o for analysis of a given design (user needs to input percentage of steel 
and slab dimension) 

1 if steel design option is used (the program will design percentage of steel 
required for a given slab geometry) 

Required only in the case of deformed wire fabric analysis. 
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JRCP-l - GUIDE FOR DATA INPUT -- Card forms 

NRF = 0 if ISTDS = 0 or 1 

NRF = 1 if non-reinforcement option is used (design optimum slab length for non-reinforced slab) 

ITYPER = 1 for deformed bar 

ITYPER = 2 for deformed wire fabric 

CRWM = Maximum allowable crack width, inches. 

CONCRETE PROPERTIES 

CONSTANTS (one card each problem) 

(IN/IN) 
(IN) /oF DRYING UNIT WEIGHT 
SLAB THERMAL SHRINKAGE OF CONCRETE 

THICKNESS COEFFICIENT STRAIN (pcf) 

ElO.3 ElO.3 ElO.3 ElO.3 
II 21 31 41 

AGE-TENSILE STRENGTH RELATIONSHIP 

NTS 

D 
1 5 

(PSI) 
28-DAY 

COMPRESSIVE 
STRENGTH* 

ElO.3 

TENS. STRENGTH 
FLEX. STRENGTH 

ElO.3 
70 

AGE(8) TS(8) AGE(NTS) TS(NTS) 
---,.-----..,. 

71 80 

NTS 0, if no tensile strength data is available (data are generated). 

NTS Total number of points on Age-Strength relationship (maximum is 20). 

AGE(I) = Age of concrete in days. 

TS(I) = Tensile strength in psi. 

* Not required if Age-Tensile Strength data are provided. 



JRCP -1 - GUIDE FOR DATA INPlIT .. - Card forms 

SLAB·BASE FRICTION RELATIONSHIP (F-y curve) 

IFY F (0 

I 15 I I F5.2 
I a II 

F{8} 

I F5.2 I 
II 

y(1) F(2) y(2) 

F5.2 F5.2 I F5.Z I 
I' II U S. 

X~8~ 
F5.2 ! 

16 1. •• S • 

IFY.I* 

F(I), y(l) 
F 

--~-..... y 

Stroi9ht Lint 

s, ... .. 6 

S6 ... 46 

IFY = 2* 

FUJ, ,(I) 
F 

---\..----y 
\ , 
"'.--

Parabola 

F(I) = Force per unit length (lb!in!in). 

y(1) .. Movement (inches). 

* 

I 
51 56 " " 
F(1FY) Y{IFY} 

I 
51 

F5.2 I F5.2 I 
56 I' 61 

IFY = Total Numbe, of 
Points * 

FUFY', Y (lFY) F 

" , 
F(I), y(IJ 

y 

.... .... -
Multilinear 

Only the solid portion of the curve need to be defined; the dotted portion 
is generated by symmetry with respect to the origin. 

F{71 

I ~~i I F5 1 2 
71 7' ao 

fl 7. 10 



JRCP-l - GUIDE FOR DATA INPUI -- Card forms 

TEMPERATURE DATA 

Aver.ge curing temperature and minimum daily temperature (~) 

I F5. 1 I F5.1 I 
II .6 II SI S6 41 

CURT • Average curing temperature of concrete, "F • 

NTEMP· Number of days. 

1."D(I) • Minimum daily temperature, "F . 

46 

Minimum temperature expected after concrete gains full strength 

ITERATIONS AND TOLERANCE CONTROL 

MAXITE TOL 

I 15 I FS.l I 
• 10 

MAXITE - Maximum number of iterations. 
TOL - Relative closure tolerance 1n percent. 

STOP PROGRAM One blank card to end program 

TD(NTEMP) 

I FS.l I 
61 66 11 10 

10 



GENERAL PROGRAM NOTES 

The data cards must be stacked in the proper order for the program to run. 

All integer format and E format numbers must be right justified. 

The problem number may be alphanumeric. 

Sign convention adopted is as follows: 

(1) tension is positive, 

(2) friction forces in the positive x-direction are positive, 

(3) movements in the positive x-direction are positive, and 

(4) temperature drop at a given time is defined as the difference between the temperature at which 
concrete has set and the temperature at that time. 

SLAB DIMENSIONS 

Only one card is required per problem. This card includes the commands to use the steel design option 

or the non-reinforcement option. The slab length must be always provided, even if the non-reinforcement 

option is used. The units are slab length, feet, slab width, feet, maximum allowable crack width, inches. 

STEEL PROPERTIES 

Only one card is required per problem. Program JRCP-l has the capability of analyzing the most commonly 

used types of longitudinal reinforcement, deformed bars and deformed wire fabric. The desirable type of 

reinforc~ent can be specified by I~PER option. ~I~~~P~E=R~~~~l~~l=·s~~f~o=r~d~e~f~o~r~m~e=d~b=a~r~s~w~h~1~·=1=e~=I~~~P~E~R~~=~=2~~1=·S~_f~o~r 

deformed wire fabric. The units to be used are pounds and inches. The unit of temperature used in the ana­

lysis should be degrees Fahrenheit in the thermal coefficient and temperature data. 



CONCRETE PROPERTIES 

The input of concrete properties consists of two or more cards. The first card has slab thickness, 

thermal coefficient, final drying shrinkage, unit weight, and 28-day compressive strength. Units are pounds 

and inches except for unit weight of concrete, where pounds per cubic foot should be used. In case the ther­

mal coefficient and/or final drying shrinkage of the concrete mix used are not available, Fig 3.3 contains 

recommended values obtained from the present state-of-the-art. 

The second card contains the age-tensile strength relationship of the concrete. If these data are not 

provided, the recommendations given by the United States Bureau of Reclamation will be used to generate the 

age-tensile strength relationship. In this case, the 28-days compressive strength of concrete is required, 

and NTS should be zero. 

SLAB-BASE FRICTION RELATIONSHIP (F-y curve) 

Various relationships can be input to define the F-y curve used in the computations. Regardless of the 

type of curve, symmetry is assumed with respect to the origin of the axes. This implies that only one por­

tion of the curve is needed, while the remainder is generated by the program. 

The three types of frictional resistance relationships are: straight line, parabola, and multilinear 

curves. The desired relationship is specified by the control IFY, where a value of one, two, or greater 

than two indicates that the F-y curve is a straight line, parabola, or multilinear relationship, tespectively. 

In the case of a straight line or a parabola, only one point is required to define the curve. This point is 

where sliding occurs. If the multilinear curve is used, then the first point should be the origin 

F(l) = 0 , y(l) = 0 while the last point [F(IFY), y(IFY)] should be sliding. The force should 

be expressed in lbs/in2 and the movement in inches. 



TEMPERATURE DATA 

In the temperature data, the average curing temperature and the minimum daily temperature over a period 

of NTEMP days should be specified. NTEMP should be equal to the time when the tensile strength reaches its 

maximum value, as specified in the Age-Tensile Strength relationship. If no tensile strength data are avail­

able, then as discussed previously, strength values will be generated by the program, in which case NTEMP 

should be 28 days, and 28 minimum daily temperatures will be required. 

One more piece of information is required for the analysis: ~nimum temperature expected after concrete 

gains full strength. 

MAXIMUM NUMBER OF ITERATIONS AND CLOSURE TOLERANCE 

The maximum number of iterations should be set to prevent excessive computation. Most jointed concrete 

pavement problems should close to a reasonable tolerance within 10 iterations; an allowed maximum of 20 is 

usually adequate. 

The closure tolerance is Relative closure and should be expressed in percent. If it is unreasonably 

small, closure may be difficult to achieve. For many structural road problems, a value of one percent is 

satisfactory. 
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APPENDIX 2. GLOSSARY OF NOTATION FOR COMPUTER PROGRAM JRCP-l 

NOTATION FOR JRCP-l PROGRAM 

AAA 
AGE 
AGEU 
ALPHAC 
ALPHAS 
ANTEMP 
BAD 
BHIGH 
BLOW 
BONDL 
COMSTR 
CONSTR( ) 
CRA CKW 1 
CRACKW2 
CURTEMP 
DELTAT 
DELTATM 
DIA 
DELTAX 
DIF( ) 
DI'( ) 
DIST 
EC 
ES 
F( ) 
FEXP( ) 
FLESTRN 
FOUT 
FPC 
FU 
FY 
FRF 
IFY 
INDEX 
ITEB 
ITYPER 
ISTDS 
L 
MAl 
MAXITE 
N 

Counter for the number of iterations for friction closure 
Age of concrete generated by program 
Age of concrete input by user 
Thermal coefficient of concrete 
Thermal coefficient of steel 
Last day on time temperatu~e curve 
Counter to indicate friction closure 
Spacing of transverse wire in deformed wire fabric 
Half spacing of transverse wires 
Bond or development length 
Compressive strength of concrete 
Concrete stress 
Width of the first crack 
Width of the second crack 
Curing temperature 
Drop in temperature at any time 
Maximum drop in temperature 
Diameter of individual bar 
Increment length 
Difference between two successive iterations 
Daily temperature 
Distance between free edge and first crack 
Modulus of elasticity of concrete 
Modulus of elasticity of the steel 
Friction force 
Flexural strength 
Flexural strength of concrete 
Value of flexural strength calculated by linear interpolation 
Compressive strength 
Maximum friction force 
Yield stress of the steel 
Friction factor for the AASHO steel equations 
Number of points defining the friction movement curve 
Closure control 
Counter for the number of iterations on bond length 
Option for the type of reinforcement 
Option for steel design 
Length of JRCP-1 Model 
AAA-1 
Maximum allowable number of iterations 
Index for reading data 

105 
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NPROB 
NT 
NTEMP 
NTPI 
NRF 
P 
P2 
PERCENT 
REFF 
SS ( ) 
STRAIN( ) 
STRESSS( 
STRNMUL 
STRSCO 
STRSCI 
STRSC2 
THICK 
TIME 
TOL 
UNWT 
VDS 
W 
XBAR 
y( ) 
YEXP( ) 
yp( ) 

YPITE( ) 
YST 
Z 
ZTOT 

) 

Problem number (stops if blank) 
Total number of increments in the JRCP-l Model 
Number of daily temperatures 
NT+I 
Option for non-reinforcement design 
Percent longitudinal reinforcement 
Percent transverse reinforcement 
Percentage of 28-day flexural strength 
Upper bound on FU 
Steel strain 
Concrete strain 
Steel stress 
Transformation factor between tensile and flexural strength 
Concrete stress at point of zero movement 
Concrete stress for Model-l 
Concrete stress for Model-2 
Slab thickness 
Time in days 
Tolerance for closure criteria 
Unit weight of concrete 
Volume to surface ratio 
Slab width 
Slab length 
Concrete movement 
Movement on the frictional-resistance curve 
Movement for testing criteria 
Movement from the previous iteration 
Center to center spacing for transverse steel 
Drying shrinkage at any time 
Total drying shrinkage 

C--------------Notation for subroutine DFBARF 

A 
AA 
AAAAA 
ANA 
AI,A2,A3 
BB 
BONDCON 
BONDLC 
CC 
CI, .•• , C9 
DELTA 
DENO 
E 
LOCMAX 
NA 
NAMI 
NAPI 
NAP2 
RATIO 
ROOT I 
ROOT2 

Length of the fully bonded section in the JRCP Model 
Coefficient of the square term in quadratic equation 
Summation of area under the steel stress diagram 
Number of stations in the fully bonded section 
Magnitude of areas under the steel stress diagram 
Coefficient of the linear term in quadratic equation 
Bond constant 
Computed bond length 
Constant term in quadratic equation 
Coefficients in the solution of equations 
Magnitude of delta for the solution of quadratic equation 
Constant used for computing the slope of the steel curve 
Distance in the fully bonded section of the JRCP Model 
Location of maximum concrete stress 
Number of increments 
NA - I 
NA + I 
NA + 2 
Ratio of modulus of elasticity of steel to that of concrete 
Positive root of the quadratic equation 
Negative root of the quadratic equation 



SIG~SB Stress in the steel between cracks 
SIG~SC Stress in the steel at the crack 
SUMI Sunnnation for solution of equations 
SUM2 Sutmnation of the slopes to the steel stress distribution 
U Bond Stress 

C--------------Notation for subroutine DFBAR 

AA 
B 
BB 
CHECK 
CONCRES 
DD 
DEL 
R2, R6 
STRAREA 
STRC 
STRSB 
STRSC 

Coefficient of the square term in quadratic equation 
Bond length 
Coefficient of the linear term in quadratic equation 
Check for solution of equations 
Concrete stress between cracks 
Constant term in the quadratic equation 
Value of delta in quadratic equation 
Roots of quadratic equation 
Area under the steel stress distribution 
Stress in the concrete between cracks 
Stress in the steel between cracks 
Stress in the steel at the crack 

107 
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APPENDIX 3. COMPUTER PROGRAM 

RUNW VERSION rEB 74 16.51.06. 23 JUL 75 RUNW VERSION rEB 74 16.51.06. 23 JUL 75 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
.3 
3 
3 

5 
12 
12 
22 
24 
24 
30 
36 

46 
72 
76 

102 
106 
124 
126 

126 
133 
141 
154 
154 

154 

JRCPI 

C 
C 
C 

C 
C 
C 

10 

20 

PROGRAM JRCPIIINPUT.OUTPUTI 
OIMENSION AN11401.AN211SI 
OIMENSION rI5011.SUMI5011.AGEI81.PERCENTISI 
COMMON IBLOCKII RATIO.THICK.p.rr.STRAINC.ES.NTPI.U.OIA.UNWT 
COMMON IBLOCK21 SSI5011.AAA.WSI5011.MAXITE.CRACKW 
COMMON IBLOCK31 XBAR.STRSC.STRSB.STRC.IBABY.ITEB 
COMMON IBLOCK41 ALISOII.STRAINI5011.CONSTRI5011.STRESSSI5011 
COMMON IBLOCK51 rEXPIIOI.YEXPIIOI.rRICMUL.NT.rU.lrY 
COMMON IBLOCK61 ALPHAC.ALPHAS.EC.rpC.TIME.EP.TOL.ITYPER 
COMMON IBLOC281 YI5011.RErrI5011.YPI5011.H.ICLOSER.YPITEI5011 
COMMON IBLOCK91 STX.STy.PSX.PSY.ITE 
COMMON IBLOCKIOI NSTRN.VOS.AGEUI201.TENSIONI201.STRNMUL 
COMMON IBLOCKI21 DTI501.NTEMP.NTlrLAG.uPINC.DOWNINC 
COMMON/BLOCKA/Z.VPI.VI15011.0ELTAX.OELTAT.TEMPI.RErrl.YPITEI.w 
COMMON/BLOCKB/BHIGH.BLOW.YSL.P2.VST. 
COMMON/BLOCKC/STRSCI15011.STRSSI15011.INc.rRr.rY.L 
DATA AGE/O •• 1 •• 3 •• S •• 7 •• 14 •• Z1 •• Z8.1 
DATA PERCENT/O •• 15 •• 38 •• 53 •• 63 •• 8Z •• 94 •• 100.1 
REAL NEGT 
INTEGER AAA 
REAL L 

ITEST=5H 

PROGRAM ANO PROBLEM 10ENTlfiCATION 

REAO 510. IANIINI.N=I.401 
CONTINUE 
REAO 520. NPROB.IAN2INI.N=I.181 

Ir INPROR-ITESTI 20.450.20 
CONTINUE 
PRINT 530 
PRINT 540. IANIINI.N=I.401 
PRINT 550. NPROB.IAN2INI.N=I.181 

REAO SLAB OIMENSIONS ANO DESIGN rLAGS 

REAn 555. XBAR.W.NT.rRr.CRWM.ISTOS.NRr 
PRINT SAO 
PRINT 556 
PRI"T 580 
PRINT 557.XBAR.W.NT.rRr.CRWM 
XBAR=XBAR-12. 

557 rORMATIII.15x.22H SLAB LENGTH .E10.3,/, 
.E10.3./. 
.]5./. 
.E10.3./. 
.EIO.),I/I) 

I 15x.22H SLAB WIOTH 
2 ISx.22H NUM~ER or INCREMENTS= 
3 15x.22H rRICTION rACTOR 
4 15x.22H MAX. CRACKWIOTH 

IrIISTDS.EO.IIPRINT 551 
IrINRr.Eo.117RINT 553 
IrINRr.NE.I.ANO.ISTOS.NE.IIPRINT 554 

555 rORMATI2rs.4.15.2rS.4.3121 
556 rORMATC lOX.1Ho,46X.1Ho,/, 

I IOX.48H- SLAB OIMENSIONS 
Z lOX,lHO,46X,lHO) 

551 rORMATI/.IOX.- STEEL OESIGN OPTION './1 

154 
154 

154 
176 
202 
206 
212 
220 
226 
236 
253 

255 
274 
300 
304 
310 

330 

332 
350 
367 
371 
372 
406 
407 
407 
413 
417 
421 
424 
425 
431 
.31 
441 
443 
450 

450 
454 

JRCPI 

553 rORMATI/.IOX.' NON-REINrORCEMENT OPTION './1 
554 rORMATI/.IOX.' SLAB ANALYSIS OPTION './1 

C 
C INPUT STEEL PROPERTIES 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

30 

40 

so 

60 
C 
C 
C 
C 
C 

REAO 560. ITYPER.p.OIA.ry.Es.ALPHAS.BHIGH 
PRINT 580 
PRINT 570 
PRINT SSO 

Ir l!TyPER.EO.I) PRINT 590 
Ir IITYPER.EO.21 PRINT 600 
Ir IITVPER.LT.I.OR.ITYPER.GT.21 GO TO 450 

PRI~T 610. p.OIA.ry.Es.ALPHAS 
P=P/IOO. 

INPUT CONCRETE PROPERTIES 

REAO 620. THICK.ALPHAC.ZTOT.UNWT.rpc.STRNMUL 
PRINT 580 
PRINT 630 
PRINT 5S0 
PRINT 640. THICK.ALPHAC.ZTOT.UNWT.rpc.STRNMUL 

INPUT AGE-TENSILE STRENGTH RELATIONSHIP 

Ir ISTRNMUL.EO.O.OI STRNMUL-I.O 

NSTRN OESIGNATES WHETHER AGE-STRENGTH RELATIONSHIP IS AVAILABLE 

NSTRN AGE-STRENGTH OATA IS PROVIOEO 

REAO 660. NSTRN.IAGEUIII.TENSIONIII.I-I.71 
Ir INSTRN.GT.71 REAO 650. IAGEUII).TENSIONIII.I=8.NSTRNI 

TENS=TENSIO"INSTRNI 
Ir INSTRN.EO.OI GO TO 30 

PRINT 670. IIAGEUIII.TENSIONIIII d=IoNSTRNI 
GO TO 60 

CONTINUE 
PRI"T 6S0 
PRI~T 690 
DO 50 1-1.8 

OUMOUMsrpC-PERCENTIII/Ioo. 
Ir IDUMOUM.EO.O.) GO TO 40 

nUMOUM=STRNMUL-3000./13 •• 12000./OUMOUMI 
CONTINUE 
PRINT 700. AXEIII.OU~OUM 
CONTINUE 

TENS=STRNMUL-3000./13.·12000.lrpCI 
CONTINUE 

I~PUT SLAB-BASE rRICTION RELATIONSHIP "lrORCE-OISPLACEMENT--1 

rORCE-OISPLACEMENT RELATIONSHIP 

PRINT 710 
REAO 730. In .crEXP I II .YEXP 11101=1.71 
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472 If (lfY.GT.7) RE_O 720. (fEXP(II,YEXP(I).1-8.lfYI 
511 If (lfY.EO.11 GO TO 70 
513 If (lfY.EO.2) GO TO 80 
515 If (lfY.GT.21 GO TO 90 
517 70 CONTINUE 
517 fRICMUl=fEXpIII/VEXpIII 
521 fU=fEXpII) 
SZ2 GO TO 100 
523 80 CONTINUE 
523 fRICMUl=SORTI_&SII/YEXPIIIII·fEXpIII 
532 fU=fEXPIII 
533 GO TO 100 
533 90 CONTINUE 
533 If IfEKplll.NE.O.OR.YEXpIII.NE.O.) GO TO 450 
541 100 CONTINUE 
541 If IlfY.EO.2) PRINT 750, fEXPIII.VEXPIII 
553 If IlfY.EQ.II PRINT 740. fEXPII1,YEXPIII 
51.5 If IlfY.GT.2) PRI"IT 7600 Ilf'EXP(Il,VEXP(JlIoI=ltlfYl 

604 
616 
633 
631 
1.45 
651 
653 
655 
657 
662 
674 

677 
704 
7\2 
7\4 
724 
730 

740 
741 
743 
743 
744 
750 
756 
766 
774 

JRCPI 

C 
C 
C 

RE_D 770. CURTfMP.NTEMp,IOTII).I=I.141 
If (NTEMp.GT.14! READ 780. IOTIII.I=15.NTEMpl 

PRINT 800 
PRINT 790. CURTEMP 
PRINT SIO 
DO lIO 1=ItNTEMP 

TEM7hOTII) 
DTII)-tURTEMP-OTCI) 

If I~TII).lT.OI OTII)·O. 

lIO 
PRINT 820, I. TEMPT .OT I II 
CONTINUE 

C 
C 
C 
C 
C 
C 

C 
C 
C 

INPUT MINIMUM TEMPERATURE AfTER 
CONCRETE GAINS fUll STRENGTH 

READ 830. OE3TATM 
PRINT 840. OElTATM 

OELTATM=CURTEMP-DElTATM 
READ 850. MAXITE,TOL 
PRINT 8"0 
PRINT 870. MAXITE,TOl 
•••••••••••••••••••••••••••• 0 ••••• 

INITIALIZE PARAMETERS .................................. 

120 CONT INUE 

IflNlSH=O 
TOl-TOLIl 00. 

If (lfINISH.EO.Ol GO TO 130 
PRINT 530 
PRINT 540. I AN1<NltNa!t40 I 
PRINT 550. NPROB.(AN2IN).N=I.18! 

If (lfINISH.EG.I) PRINT 480 
130 CONT INUE 

RUNW VERSION fEB 74 16.51.06. 23 JUl 75 

774 If IITYPER.EO.2) IClOSfe=1 
777 ANTEMP=NTEMp 

1001 IS_SY=O 
1002 IBXBAR.O 
1003 !ENOONE=O 
1004 ITfB=O 
1005 NTpl:NT.1 
1007 IB=1 
1010 VOS=THICK 
1011 [p=I.E-9 
1013 AAAcl 
1014 BlOW=BHIGH/2. 
1016 140 CONTINUE 
1016 CAll DRIVERINRf.ISTOS,ZTOT,f.SUM,CRWMI 
1022 If(ISTOS.NE.I.O.NRf.EO.I)GOTO 450 

C 
C PRfPARE fOR PRINTING RES~~S If STEEL DESIGN OPTION CHOSEN 
C 

1032 
1035 
10Jb 
1042 
1051 480 

_B-3.1416·0IA·0IA/4. 
PcP·100. 
YSL-A8·IOO./ITHIC~-P) 

PRINT 880.P.YSl 
rORM_T 162X.9H M_XIMUM ,I. 2X.23H TIME TEMP DRYING. 

I 53H TENSilE CRACK CRACK CONCRETE STRESS IN .1. 

1051 490 

1051 510 
1051 520 
1051 530 
1051 540 
1051 550 
1051 51.0 
1051 570 

1051 580 
1051 590 

1051 600 

1051 1.10 

1051 620 
1051 6JO 

1051 640 

2 Ix.5IH IDAYSI DROP SHRINKAGE STRGTH SPACING WIDTH. 
J 4X.22H STRESS THE STEEL ./1 

rORM_T ( 2X.f5.2.2X.f5.1.2X,EIO.3.2X,FS.I.3x.r •• I. 
I Ix.~10.3.2(2X.EIO.3!' 

fORMAT ( 20A4) 
fORMAT IA5.5x.17A4.A21 
fORMAT I~HI .76X.IOHI-----TRI~) 
fORMAT <IX.lOA.' 
fORMAT 111.5H PROB,I,A5,5X.17A4.Al.111 
fORMAT 115.5x.6IEI0.3)1 
fORM_T (IOX.I~,.6X.IH·.I. 

I IOX.48~ STEEL PROPERTIES 
2 IOx.IH*.46X.IH.I 

fORMAT IIOX.4811~1) 
fORMAT 111.15x.39H TYPE Of LONGITUDINAL REINfORCEMENT 

I 26X.14H OEfORMEO eARS) 
IS ,10 

FORMAT 111.15X.39H TYPE Of LONGITUDINAL REINfORCEMENT IS 
I 2JX,21H OEfOR~EO wiRE f_eRICI 

fORM_T (11.15X.24H PERCENT REINfORCE~ENT 
I 15x.24H eAR DIAMETER 
2 15X.Z4H VIE~O STRESS 
3 15x.24H ELASTIC MODULUS 
4 15x.24H THERMAL COErflCIENT 

fORMU nox.bEIO.31 

=.E10.3./, 
:,E10.3./ • 
:.E10.3./. 
=.E10.3./ • 
=,EIO.3./l11 

FORMAT IIOX.IH-.46X,IH •• I. 
lOX .48H- CONCRETE PROPERTIES 

J IOx.IH •• 46X.IH·! 
fORM.T 111.15X,22H SL_e THICKNESS =.El0.J.I. 

I ISX.22H THERMAL COEFfiCIENT =.EIO.J.I. 
2 15X.22H TOTAL SHRINKAGE =.EIO.3.1. 
3 ISX.22H UNIT WEIGHT CONCRETE=.EIO.3.1. 
4 15X.22H COMPRESSIVE STRENGTH=.EIO.3.1. 

.,/, 
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1051 
1051 
1051 

1051 
1051 

1051 
1051 

1051 
1051 
105·1 

1051 

1051 

1051 
1051 
1051 
1051 

1051 

1051 
1051 
1051 

1051 
1051 

1051 

1051 

1051 
1051 

JRCPI 

5 ISx.22H ITENS/fLEXIRATIO =.EIO.3.111 
650 fORMAT IIIOXol4fS.011 
660 fORMAT IIS.SX,).£S.OI 
670 fORMAT 111.ISX.40H TENSILE STRENGTH D~T~ AS INPUT BY USER .11. 

I 14X.16H AGE. TENSILE .1. 
2 13X.18H IDAYSI STRENGTH .1. 
3 IISX.fS.I.2X.fS.111 

680 fORMAT 114X.22H TENSILE STRENGTH DATA.I.ISX.211IH-', 
690 fORMAT I 1.ISX.43H NO TENSILE STRENGTH DATA IS INPUT BY USER .1. 

I ISX.49H THE fOLLOWING AGE-TENSILE STRENGTH RELATIONSHIP .1 
2. ISX.46H IS USED WHICH IS BASED ON THE RECOMMENDATION .1. 
3 ISX.37H GIVEN BY U.S. BUREAU Of RECLAMATION .11. 
4 ISX.ISH AGE. TENSILE .1. 
5 14X.17H IDAYS) STRENGTH ./1 

700 fORMAl 11311. 2IlX.fS.11I 
710 FORMAT C I_IOX,48CIH.),I,lOX,lH-,46X,lH_,I. 

I IOX.IH-.SX.3SH SLA8-BASE fRICTION CHARACTERISTICS.6X.I~.I. 
l lOX.IH-,14X,17H F-Y RELATIONSHIP,15X,lH-,I.IOX,lH-.46X'IH-,/, 
3 IOX.4BIIH-,.111 

720 fOR~AT IIIOX,)4fS.211 
730 fOR~AT IIS.SX.14fS.21 
740 fORMAT IISX.4IHTYPE Of fRICTION CURVE IS A STRAIGHT LlNE.II. 

I ISX.24H MAXIMUM fRICTION fORCE-.2X.f6.3.1. 
2 ISX.24H MOVEMENT AT SLIDING =.2X.f6.31 

750 fORMAl IISII.36HTYPE Of fRICTION CURVE IS A PARABOLA.II. 
I ISX.24H MAXIMUM fRICTION fORCE-.2X.f6.3'1. 
2 ISII.24H MOVEMENT AT SLIDING '.2X.f6.3' 

760 'ORMAT IISX.4SHTYPE Of fRICTION CURVE IS A MULTILINEAR CURVE.II. 
I ISX.SH flll.2X.SH YIII.II.115X.f~.3.2X.f6.31.111 

770 fORMAT IfS.I.IS.14fS.I) 
780 fORMAT 1110X.I.fS.111 
790 fORMAT I 14X.20H CURING TEMPERATURE_.fS.I.111 
BOO fORMAT IlIlolOX.30 11 ... "" 

1 lOX,lH-,28X,lH-,I, 
2 IOX.10H- TEMPERATURE DATA -.I.IOX.IH-,2eX.IH-.I. 
3 IOX.301IN-,,111 

810 fORMAT 120X,7HMINIMUM.6X,7HQROP IN.I, 
I IOX,3HDAY,SX.IIHTEMPERATURE.2X,IIHTEMPERATURE,/1 

820 fORMAT IIOX,113,8X.fS.I,8X.fS.111 
830 fORMAT II0X.fS.11 
840 fORMAT 1/,14X,36H MINIMUM TEMPERATURE EXPECTED AfTER .1 

I 14X,36H CONCRETE GAINS fULL STRENGTH ','5.0, 
2 20H DEGREES fARENHITE .111 

850 fORMAT IIS.fS.11 
860 FORMAT (11.IOX.48fIH-,,1.10X,lH-,46X.IH-,I,IOX.IH-,6X. 

I 33H ITERATION AND TOLERANCE CONTROL .7X.IH-,I, 
2 lOX,lH-,46X,lH-,I,IOx,48CIH-',III' 

870 fORMAT IIOX.40H MAXIMUM ALLOWABLE NUMBER 0' ITERATIONS-.IS .11 
I IOX,2BH RELATIVE CLOSURE TOLERANCE=.fS.I. 8H PERCENT.III 

B80 fORMATIIX,- LONGITUDINAL STEEL' -.EI0.3.- PERCENT. -,I. 
I SPACED = -,EIO.3,- INCMES CENTER TO CENTER -,III 

900 'ORMAT IIOX,IS.2X,fS.I,2X.4IEIO.3,2X.11 
910 fORMAT 11I.IOX.37H fOR ALLOWABLE NUMBER' Of ITERATIONS • • 1, 

I IOX,36H THE SOLUTION DOES NOT CLOSE ON THE , 
2 IOx.24H STRESS STRENGTH CURVE. ,I. 
3 IOX,24H PROGRAM IS TERMINATED •• 1 

RUNW VERSION fEB 74 16.51.06. 23 JUL 75 

1051 940 fORMAT 111.1 OX. - ERROR I S DETECTED '." 
I lOX.' fRICTION-MOVEMENT CURVE INPUT 15 WRONG -,I. 
2 lOX.· fill AND YIII SHOULD BE ZEROS -,I. 
3 10x.- PROGRAM IS TERMINATED -I 

1051 950 fORMAT IlItlOX.- ERROR IS DETECTED -.1. 
I 10X,-TYPE Of PERCENT REINfORCEMENT OPTION IS NOT RIGHT-,I, 
2 lOX,-]TYPER=-.IS) 

1051 960 fORMAT III.IOX.- PROGRAM IS TERMrNjlTED • ITE = -.IS) 
1051 450 CONTINUE 
1051 ENO 

JRCPI 



RUNW VERSION FEB 74 16.51.06. 23 JUL 75 RUNW VERSION FEB 74 16.51.06. 2J JUL 75 ...... 
PROGRAM LENGTH INCLUDING 110 BUFrE RS 

64)0 
START OF 

2227 
TEMPORARIES 

...... 
+--

FUNCTION ASSIGN"ENTS SURT OF INDIRECTS 

STATEMENT ASS IGN"ENTS 
2234 

10 12 20 24 30 407 40 431 START OF VARIABLES 
60 450 70 517 80 523 90 533 2234 
100 541 120 743 130 774 140 1016 
450 1051 480 1201 490 1231 510 1243 SPACE REQUIRED TO COMPILE -- JRCP1 
520 1245 530 1250 540 1254 550 1256 40200 
551 1151 553 1156 554 1163 555 1125 
556 1131 551 1065 560 1263 570 1266 
580 1306 590 1311 600 1324 610 1331 
620 1400 630 1403 640 1423 650 1412 
660 1415 610 1500 680 1530 6'10 1536 
100 1603 110 1606 120 1635 730 1640 
740 1643 750 1665 760 1101 770 1124 
180 1127 790 1732 800 1740 810 1167 
820 2004 830 2010 840 Z013 850 Z035 
B60 Z031 870 2061 880 2071 ~OO 2114 
910 2121 940 Z152 950 2202 960 UU 

EXTERNALS AND TAGS 
INPUTC - 500200 OUTPTC - S00300 SORT 500400 ORIVER - 500500 
ENO 500600 08NTRY - 500100 

BLOCK NAMES AND LENGT>iS 
BLOCK) - 12eO) BLOCKZ - 1155C02 BLOCK3 - 6C03 BLOCK4 - 3724C04 
BLOCKS - 30C05 BLOCK6 - 10C06 BLOCKS - 3726C07 BLOCI<9 - 5Cl0 
BLOCK)O- 53Cl1 BLOCK1Z- 66CI2 BLOCKA - 775C13 BLOCKB • 6CI4 
BLOCKC • 1756C15 

VARIABLE ASSIGNMENTS 
AU 165C02 AB 4343 AGE 4300 AGEU 2ClI 
AL OC04 ALP>iAC - OC06 ALPHAS - IC06 ANTEMP • 4337 
ANI 2234 A~2 2304 BI'UGH OCI4 BLOW lC14 
CONSTR - 1152C 0" CRWM 432" CUR TEMP. "333 O[LTATM- 4335 
OIA 10C01 OT OCI2 OUMDUM - 4332 [P 5C06 
ES 5C01 I' 2326 FElP OCOS fPC 3C06 
FRF 1753C15 FRICMUL- 24C05 FU 26C05 rv 1 7S1tC IS 
I 4330 IB 43 .. 2 IBABY 4C03 IBXBAR - 4340 
ICLOSEB- 2740C07 IENOONE- 4341 InNISH- 4336 IFy 27C05 
IST05 4325 IT Ell 5C03 ITE5T "321 HYPER - 7C06 
l 1755C15 MAXITE - 17S3C02 MOOfLAG- 5CI4 101 4322 
NEGT .. 320 NPRoe 4323 NRf' 4326 NSTRN - OCl1 
NT 25C05 NTEMP 62C12 NTP1 6COI P 2Co} 
PERCENT- 4310 REf'F 765C07 SS OC02 STRAI" - 165C04 
STRESSS- 2137C04 STRNMUL- S2CII STRSC1 - OCI5 STRSSI - 165CI5 
SUM 3313 TEMPT 4334 TENS 4331 TENSION- 26C11 
THICI( ICOI TOL 6C06 UNliT 11C01 \/05 1C\I 
Ii 114C13 _5 166C02 X8AR oe03 Y OC07 
YElP 12C05 YP 11S2C07 YPIlE 2141C07 YSL 2e14 
YI 2Cll HOT 4327 

START OF CONSTANTS 
1052 

JRCPl JRCP1 
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II 
II 
II 
II 
II 
II 
II 
II 
II 
11 
II 
11 
11 
11 
12 
13 
lit 
16 
17 
17 5 
21 
23 10 
23 
21t 20 

C 
C 
C 

2~ 
26 
27 
36 
37 
~O 

42 
43 
46 
SI 
S7 

62 
6S 

C 
C 
C 

67 
71 
72 
77 
77 123 

101 Ii! 
104 
107 
112 
113 45 

DRillER 

SUBROUTINE DRIVERINRf.ISTDS,ZTOT.f,SUM.CRWMI 
DIMENSION fI5011,SUMISOI) 
COMMON/BLOCKI/RATIO,THICK,P.ff.STRAINC,ES,NTPI.U,OIA.UNWT 
COMMON/BLOCK21 SSI501I,AAA.WSI5011.MAXITE.C~ACKW 
COMMON/BLOCK)/ XBAR.STRSC.STRSB.5TRC,IBABv.ITEB 
COMMON/RLOCKSI fEXPI!OI.VEXPIIOI,fRICMUL.NT.fU.lfV 
COMMON/BLOCK6/ AlPHAC.ALPHAS.EC.fPC.TIME.EP.TOl.ITYPER 

COMMON /BLOCK81 VI501I,REff(SOII.VPISOI1.H.IClOSEB.VPITEI5011 
COMMON/RlOCKD/STRSC2(SOII.0IST 
COMMDN/BlOCKA/Z.VPI.VI15011.0ELTAX,OElTAT.TEMPI,REffl.VPITEI.w 
COMMON/BLOCKB/BHIGH.BLOW,VSl,P2.vST.NOOfLAG 
COMMON/BLOCKC/STRSCIISOII.STRSSIISOII.!NC,fRf.fV,L 
CONNON /BLOCKI21 OTISOI,NTENP.NTlfLAG.UPINC.OOWNINC 
REAL L 
L~XBAR 

IPsO 
IfS=O 
IfINRf.NE.IIXOTO S 
p:O. 
GOTO 10 
IfIISTDS.N[.IIGOTO 10 
CALL ST~SlfRw,fY,WI 
CONTINUE 
ITIME=O 
CONTINUE 

MAIN LOOP ON TIME 

ITIME=ITIME'I 
TIM[=fLOATIITIMEI 
IfITIME.GT.28.0IGOTO 30 
OELTU=DTIITIMEI 
IGS=O 
CALL fORWARDITENSTRN.ZTOT.ll 
15=0 
CALL MODELIITIME.IS.INTI 
CALL DISTIIDIST.TEHSTRN.IGBI 
IfINRf.EO.I)XOTO 50 
IfIIGB.[O.I)XOTO Z7 

[fIDIST.NE.XBAR/Z.)GO TO ZO 
INCaOIST/H 

CALCULATE fiRST CRACK WIDTH 

OUMaDIST-(INC-HI 
IfIDUM.EQ.O.IGOTO IZ3 
VC=OUM·IVII[NC·I)-VII[NCII/H 
GOTO IZ 
YC=Y1 !INC' 
CRACKWI=Z.-ASSIYC) 
IfICRACKWI.GT.CRWMIGDTO 70 
IfICRACKWI.GT.O.OOIOOIGOTO 4S 
IfIISTOS.EQ.lIGOTO 38 
CONTINUE 
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113 
123 
131 
132 
I~I 
143 
146 

15S 
IS6 
160 
163 
164 
166 
167 
In 
113 
Z06 
ZIO 
ZIZ 
214 
Z23 
ZZ3 

226 
235 
2 .. " 
Z45 
2S4 
256 
260 
Z63 
Z7i! 
303 

303 
30" 

314 
316 
321 
3Z1 
3ZZ 
lZZ 
330 
331 
337 
340 
347 

347 
350 

DRI VER 

C 

PRINT S40. CRACKWI.TINE 
IrIMOOflAG.(G. I IRETURN 

250 ISC=I 
CAll ~OOEL2!f.BONOl.Z.OELTAT.SUM.INDEX.STRMAX.ISCI 
L:XBAR 
Olrf=5TR5C-0.75-fV 
IfIDlff.GT.O.IIGOTO 200 

C SUB-LOOP ON TINE fOR CRACK 2 
C 

C 
C 
C 

ITI"'E=ITlME'1 
TIME=fLOlTCITIMEI 
IfITIME.GT.28.0IGOTO 220 
OELTAT=OTIITIMEI 
CALL fORWAROITEN5TRN.ZTOT.ll 
IS~I 

CALL MOOELIITIME.ls.INTI 
ISC=O 
CALL MOOElZlf.BONDl.l.DELTAT.SUM.INOEX.STRNAX.ISCI 
L=XBAR 
M=l/NT 
CALL STRSCOISTRSCONI 
IfITENSTRN.GT.STRSCONIGOTO 250 
TENSTRN=STRSCON 
CALL DISTICOIST.TENSTRN.IGBI 

CALCULATE T~ SECOND CRACK wIDTH 

CRACKW2=ABSI ISTRSCON-OISTI/2.-2.*il'ALPHAC-OELTATI I 
IfICRACKWZ.GT.CRWM'GOTO 260 
ISC=I 
CALL MOOELZCf.BONDl.Z.DELTAT.SUM.INDEX.STRMAX.ISCI 
L=XBAR 
H~l/NT 

Dlff~STRSC-0.75·fY 
IfCDlfr.GT.O.IIGOTO 200 
PRINT 100.TIME.CRACKW2.DIST 

300 fORMATI29H SECOND CRACK OCCURS AT TIME .fB.4.16H wiTH A WIDTH Of • 
I f8.4,/.36H AT A DISTANCE fROM THE fREE EOGE Of .EIO.l) 

RETURN 
10 IfINRf.EG.IIXOTO 35 

IfI15TOS.EQ.IIGO TO 38 
PRINT 510 

510 rORMAT(/.5X.34HNO CRACK OCCURS AT END Of 28 OAVS.) 
RETURN 

35 CONTINUE 
PRINT 520.l 
RETURN 

200 1'llfS.Ea.llGaTO 70 
4fIISTDS.EQ.llGOTO Z70 
PRINT ZIO.STRSc.TINE 

210 fORMATIZOM STRESS IN THE STEEL.EI0.3.25H IS GREATER THAN ITS WORK 
I.ZOMING STRENGTH AT TIM£.'8.41 
RETURN 

220 CONTINUE 
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350 
354 
354 
355 
355 
363 
372 

372 
373 
373 
402 
406 
406 

406 
C 
C 

401) 
411 
411 
411 
414 
414 
414 
426 

426 
421 
427 
435 
436 

C 
C 
C 

441 
443 
444 

444 
446 
451 
451 
454 
455 
455 
457 
461 
464 
466 
467 
467 
473 

DRIVER 

PRINT 230 
230 FORMATI46~ AT TME END OF 28 DAYS NO SECOND CRACK OCCURS 

RETURN 
260 CONT INUE 

IF IISTDS.EO.IIGOTO 270 
PRINT 280.CRACKWZ.TIME 

280 FORMAT(13~ SECOND CRACK.FS.".SIH IS WIDER THAN MAXIMUM ALLOWABLE C 
IRACKWIOTH AT TIME .F8.41 

RETURN 
50 CONTINUE 

IFIDIST.LE.XBAR/2.IGOTO 51 
IFIOIST.GT.0.1S"XBARIGOTO 52 
GOTO 20 

520 FORMATI/,IX,"FOR THE GIVEN INPUT DATA. TME LENGTH OF THE NON-" 
I .1. "REINFORCED SLAB 15 ".EIO.3.· INCHES.·I 

51 CONTINUE 

ADJUST LENGTH FOR NON-REINFORCED. 
L=L-t:-,(2. 
GO TO 1(; 

52 CONTINUE 
LoL -L/2. 
GOTO 10 

60 CONTINUE 
PRINT 530.1 CRACKWhTlME.STRSCIIINCI 

530 FORHATI/.I~.IIH CRACKWIDTH,FS.4, 
IS4H IS GRE~TER THAN MAXIMUM ALLOWABLE CRACKWIDTH 
2F8.4.1.26H WITH A CONCRETE STRESS OF .f8.41 

RETURN 
70 CONTINUE 

IfIISTOS.NE.I~TO 60 
IP=IP'I 
If(IP.GT.~AXITElGOTO 14 

AOJUST STEEL PERCENTAGE fOR STEEL DESIGN OPTION 

p::p.P/z. 
GO TO 10 

H TIME 

540 FORMATI24H WIOTH OF FIRST CRACK IS .F8.4.7H INCHES.8H AT TIHE, 
I f8.4.1H DAYS. .111 

38 IFlIfS.EQ.IIXOTO 18 
poP-P/2. 
IfIP.EO.0.IG6TO 39 
IfIP.LE •• 00005IP,O. 
GOTO 10 

210 CONTINUE 
5A=THICK"P 
SfC"STRSC·SA 
SA-SfCI I O. 750 fYJ 
P=SMTHICK 
IfS~l 

GOTO 10 
18 PRINT 915 

915 fORMATI3x."fOR THE GIVEN SL.B LENGTH. THE PERCENT Of STEfL WAS· 
I .0ICTATED BY THE STEEL ",I." STRESSES AND NOT BY CRACKWIOTH. ", 
2 II 
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473 RETURN 
474 27 CALL INTRSCTITENSTRN.IS.INT.YC.0IST.2TOT.ISTDSI 
507 IGB=O 
SIO GO TO 12 
514 39 CONTINUE 
514 PRINT 5S0.CRACKWI 
522 550 fORHAT(/.3X." NO STEEL IS NEEDED. WIDTH Of fiRST CRACK: •• fI0.3. 

I - INCHES. ",II 
522 GOTO 1000 
526 14 IFISTRSC.LE.0.7s+fYlGOTO IS 
532 PRINT 920.STRSC.TI~E 
541 GOTO 1000 
545 15 IfICRACKWI.LE.CRWMIGOTO 4S 
550 P¥P"IOO. 
551 PRINT 910.CRACKWI.P 
561 PRINT 920.STRSC.TIHE 
511 920 fORMAT'+ fOR THE HAK NUMBER Of ITERATION THE STRESS IN THE STEEL" 

I .1.- AT THE CRACK IS ".fI0.3.- PSI. AT TIME ".f8.4./1 
571 910 fORMAT(3X."SLAB LENGTH NEEO~ TO BE REDuCED.CRACKWI : *.fI0.3. 

I .1. . INCHES WITH PERCENT STEEL' •• fI0.3) 
571 1000 CONTINUE 
511 END 

DRIVER 
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SUBPRO&R4M LENGTH 
1043 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGN,.ENTS 
S 17 10 23 
15 545 18 467 
30 304 35 322 
45 n3 SO 373 
60 "I" 70 "27 
210 6ii!6 220 350 
260 355 270 .. 55 
510 620 520 662 
550 752 910 1002 
1000 571 

EXTERNALS ANO TAGS 
5T05 500100 rORW4RO- 500200 
OUTpTC - 500500 MOOEL2 - 500600 
END 501100 

BLOCK NAMES ANO LENGTHS 
BLOCKI - 12COI BLOCK2 - 1755C02 

12 101 
20 2" 
38 ...... 
51 406 
123 77 
230 641 
280 650 
530 676 
915 733 

MODELl - 500)00 
STR5CO - 500700 

I" 526 
27 474 
3q 514 
52 411 
200 331 
250 131 
300 602 
540 720 
920 765 

OIST! 500400 
INTRSCT- 501000 

BLOCK) - 6C03 BLOCKS -
BLOCK6 - lOCOS BLOCKe - 3726C06 BLOCKO - 766C07 BLOCKA -

30CO .. 
775CIO 

BLOCKB - 6CII BLOCKC - 17S6CI2 BLOCKI2-

VARU8LE ASSIGNMENTS 
ALpHAC - OC05 BONOL 
OELTAY - 770CIO OIff 
DUM 1027 fEXp 
H i!737C06 If 5 
INOEX 1034 INT 
I5C 1032 ITIME 
MOOfLAG- 5ClI NT 
SA 1041 5fC 
STRSC lC03 STRSCOIO-
STRSSI - 765CI2 TENSTRN-
it 77"CIO liS 
YC 1030 'EXp 
VI 2CIO 1 

START Of CONSTANTS 
572 

START Of TEMPORARIES 
lOIS 

START Of INOIRECTS 
1020 

START Of VARIABLES 
1020 

1033 
10)6 

OC04 
1021 
1026 
1022 

25C04 
1042 
1037 
1024 

766C02 
12CO" 

OCIO 

SPACE REQUIREO TO COMPILE -- DRIVER 
35600 

CRACKitl-
OIST 
fM 
1GB 
II' 
L 
I' 
SS 
STRSCI .i 
THICK 
XBAR 
VI' 

66C13 

1031 CRACKW2-' 
76SC07 OT 

17S3tl2 rY 
1023 IIOC 
1020 IS 
1755CI2 MUITE -

2COI R£H 
OC02 STRMAX -
oel2 STRSCi! -
ICOI TIME 
OC03 Y 

1752C06 vPtT£ 

1040 
OCI3 

1754C12 
1752C12 
1025 
I 753C02 

765C06 
1035 

OC07 
"COS 
OC06 

2741C06 
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SUBROUTINE MOOELltTIME.Is.INTI 
6 COMMON /BLOCKI/ RATIO,THICK.p,ff.sTRAINC.ES.NTpI,U'OIA.UNWT 
6 COMMON/BLOCKS/fEXptIOI.VEXp!IOI.FRICMUL.NT.fU,IFV 
6 COMMON/BLOCK2/5S(501),AAA.WSISOl).MAXITE.CRACKW 
6 COMMON/BLOCKA/Z,vpI,VI(SOI),OELTAX.OELTAT,TEMpI.REFfl.VpITEI.W 
6 COMMON/~LOCKC/ STRSCIISOII.STRSSltSOII,INC.fRf.fV.l 
6 CONMON /ALOC20/ STRSC2(SOII,OIST 
6 CONMON/8LOCK8/ VI501,.REff(SOI',VpISOI,.H,IClOSEB.VpITEtSOII 
6 REAL L 
6 IfllNT.EQ.IIXOTO 40 

C INITIALIZ£ L60p PARAMETERS 
10 INC=O 
II M=L/NT 
13 OELTAX=O.O 

C MAIN LOOP ON INCREMENT. 
I" 100ELTAXaOELTAX.H 
16 INCaINC'1 
20 IFtOELTAX.GT.LIRETURN 
23 IftI5.ItE.llG6TO "0 
25 IfIOELTAX.GT.OISTIRETURN 
30 40 fO-O.O 
31 CALL STR5CS If 0) 
33 CALL fRICIIFlI 
3S REffl-fl 
37 CALL 5TRSCSlfl' 
40 CALL fRICllffl 
.. 2 f3alfl'fZ./2. 
.. 5 20 CONTINUE 
45 CALL BACfRCI(f31 
.. 7 CALL STRSCStf31 
51 CALL CLOSEltINO[X.f)) 
53 IftIND£x.fQ.lIGOTO 30 
57 CALL BINRVfllf3) 
61 GOTO 20 
6" 30 CONTINUE 
64 IfIINT.EQ.IIRETURN 
66 Iftp.EQ.0.IG6TO 10 
67 STRSSltINC,.f3.0ELTAX/lp-THICK)-STRSClrINC1/p 
75 GOTO 10 
75 ENO 

MOOEL 1 
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SUBPROGRAM LENGTH 
lOS 

,UNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 14 20 

EXTERNALS AND TAGS 
STRses - SOOIOO fRICI 
BINRvfl- 500500 END 

qLOCK NAMES AND LENGTHS 
BLOCKI - 12eOI 8LOCKS -
BLoeKe - 1756C05 9LOCKD -

VARIABLE 
DEL UX -
fl 
INC 

ASSIGNMENTS 
767e04 DIST 
101 f2 

45 

S00200 
500600 

lOC02 
766C06 

76SC06 
102 
104 

30 

SACfRCI-

BLOCK2 -
BLOCKS -

rup 
n 
L 

P 
1752C05 INDEX 

2eOI REff 
oe05 STRse2 -

766COl V 

765C07 RErfi 
STRSCI -
WS 
VPITE 2741C07 YI 

START Of CONSTANTS 
76 

START Of TEMPORARIES 
77 

START Of INDtRECTS 
100 

START Of VARIABLES 
100 

SPACE REQUIRED TO COMPILE -- MODELl 
33000 

MODEll 

OC06 5TRSSI -
OC07 VEXP 
2C04 

RUNW VERSION fEB 74 16.SI.06. 2l JUL 75 

SUBROUTINE OISTIIOIST,TENSTRN.IGBI 
6 COMMON IBLOCKl/XBAR.STRSC,STRSB.STRC.IBABY.ITEB 
6 COMMON IBLOC25/rExPII01.VEXP(101.fRICMUL.NT.fU,lfV 
6 COMMON IQLOCK8/Y(501),REff(SOII.YP(SOII.H.ICLOSEB.VPITEI501) 
6 COMMON IBLOC2C/STRSCI15011.STRSSI(501).INC.fRf.fV.L 

64 40 30 6 DO iO J~I.NT 
7 IfIA8SITENSTRNI,LE.ABSISTRSCI(JII)GOTO 20 

Il 10 CONTINUE 
500300 CLOSE I - S00400 16 DIST=0.7S"XBAR 

17 RETURN 
20 20 If!J.EQ.IIGOTO lO 
22 OUMDUM=ISTRSCIIJI-STRSCIIJ-I))/IABSIH*JI-ABSIH"IJ-I))) 

1755COl BLOCK A • 77SC04 35 DIST~ABSI~.IJ-I))'IABS(TENSTRNI-STRSCI(J-I))/DUMDUM 
1726C07 47 IfIDIST.GE.x8AR/2.)RETURN 

52 lO IGB=I 
53 RETURN 

OC02 fO 100 Sit END 
10l H 2737C07 

17S5COS NT 25C02 
712e04 SS OCOl 
76SC05 THICK ICOI 

12C02 YP 1752C07 

DISTI 
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SUBPROGRAM LENGTH 
67 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
ZO ZO 30 

EXTERNALS AND TAGS 
END SOOIOO 

BLOCK NA~ES AND LENGTHS 
BLOCK3 - 6COI BLOCKS -

VARIABLE 
DUMDUM -
NT 
XBAR 
YPITE 

ASSIGNMENTS 
66 fExP 
ZSCOZ REff 

OCO I Y 
Z741C03 

START Of CONSTANTS 
SS 

START Of TEMPORARIES 
S7 

START Of INDIRECTS 
6S 

START Of VARIABLES 
6S 

SZ 

30COZ BLOCK8 -

OCOZ H 
76SC03 STRSCI -

OC03 YHP 

SPACE REQUIRED TO COMPILE -- DISTI 
3Z700 

DISH 

37Z6C03 BLOCKC -

2737C03 J 
OC04 STRSSI -

IZCOZ YP 

17S6C04 

6S 
76SC04 

175ZC03 

RUNW VERSION fEB 74 16.SI.06. Z3 JUL 7S 

3 
3 
3 
3 
3 
4 
4 
7 

10 
14 
IS 
ZI 
Z3 
Z6 
30 
31 
3Z 
33 
37 
41 
4Z 
4S 
46 
56 
56 
61 
6Z 
6Z 

STRSCO 

SUBROUTINE STRSCOISTRSCONI 
COMMON /BLOCK8/YISOII,REffISOII,YPISOII,H,ICLOSEB,YPITEISOII 
COMMON /BLOCKC/STRSCIISOII,STRSSI15011 ,lNC,fRf,fV,L 
COMMON /BLOCZD/STRSCZISOII.DIST 
REAL LONG,M,'"'l 
DEL TA~=O.O 

SO CONTINUE 
LONG=IO.SO-DISTI-DELTAX 
~IS=O 
CALL STRSCIZIMIS,STRSCOI,STRSCOZ,LONG,J,II 
~IS=I 

CALL STRSCIZI~IS,STRSCOI,STRSCOZ,LONG,J,II 
Dlff=STRSCOI-STRSCOZ 
If IDlffl ZO ,30.40 

ZO DELTAX·DELTAX.H 
GOTO SO 

30 STRSCON_STRSCOI 
RETURN 

40 ~I~-IISTRSCIIII-STRSCIII-Ili/Hl 
81=STRSCIII-I I 
IfIJ.EQ.OlGOTO 4S 
~.ISTRSCZIJ·II-STRSCZIJII/H 
B-STRSCZIJI 

46 STRSCON'IB-BI-M/MII/II-M/MII 
RETURN 

4S M=STRSCZIJ.II/H 
81:0. 
GOTO 46 
END 
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SUBPROGRAM LENGTH 
102 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
20 26 30 
46 46 50 

EXTERNALS AND TAGS 
STRSCI2- 500100 END 

BLOCK NAMES AND LENGTHS 
BLDCKB - 3726COI BLOCKC -

VARIABLE 
B 
OIST 
LONG 
REH 
STRSC2 -
YPITE 

ASSIGNMENTS 
101 BI 
765C03 H 
66 M 

765COI STRSCOI­
OC03 STRSSI -

2741COI 

START OF CONSTANTS 
63 

START OF TEMPORARIES 
64 

START OF INOIRECTS 
66 

START OF VARIABLES 
66 

31 
4 

500200 

1756C02 

100 
Z737COI 

67 
7J 

765C02 

SPACE REQUIREO TO COMPILE -- STRSCO 
32600 

STRSCO 

40 

BLOCKO -

DELTAX -
1 
Ml, 
STRSC02-
Y 

33 

766C03 

71 
76 
72 
74 

OCOI 

45 

olrr 
J 
MI 
STRSCI -
YP 

56 

77 
75 
70 

OC02 
1752COI 
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\I 
II 
II 
11 
1\ 
\I 
12 
17 100 
21 
l!2 
23 
26 
41 85 
41 80 
"I 
43 !l0 
"3 
51 
65 
76 
76 1"0 
76 

101 
113 
121 
12Z 120 
123 
IZl 
lIS 
127 
127 

STRSC1Z 

SUBROUTINE STRSCI2(MIS.STRSCOI.STRSC02.LONG.J.11 
COHHON IBLOC25/FEXP(10I,YEXPIIOI.FRICHUL.NT.F"U.IF"Y 
COMHON IBLOCKB/YI5011 .R£ •• 15011,YPI5011.H.ICLOESB.YPITEI5011 
COHMON IBLOCKC/STRSCI15011.STRSSI15011.INC"RF,Fy.L 
COMMON I~LOC20/STRSC215011.0IST 
REAL LONG 
00 100 Jtl.NT 
IF"IABSILONG-J*HI.LT.O.IO)GOTO 110 
CONTINUE 
ILONG=LONG 
IF"(ILONG.~Q.OIGOTO 120 
PRINT eo 
PRINT e5.LONx.H 
FORMATC* IN 5TR5CI2 *," LONG = *,EIO.3." H = *.£10.31 
FORMAT!"OH ERROR IS OETECTEO OISTANCES ARE ~RONG ) 
STOP 100 
CONTINUE 
IFIHI5.N£.IIXOTO 1"0 
OUMDUM=15TRSC2IJI-5TRSC2IJ-III/IABSCH*JI-ABSCH*CJ-III' 
STRSCOZ.STR5C2IJ-I)·DUHOUN*CA8SILONGI-ABSIH*IJ-I))) 
RETURN 
CONTINUE 

la(NT'11I2-J 
DU~UM·ISTRSCI(I·II-5TR5CI(II)/CABS(~JI-A8S(H*(J-II)' 
STRSCOI=STRSCIII1'DUMDUM*ll8SIH*JI-ABSILONGII 
RUURN 
STRSCOZ.O. 
JaO 
1=INT'II/2 
STRSCOI.STRSCIIII 
RETURN 
END 

l-' 
N 
o 



RUNW VERSION FEB 74 16.51.06. 23 JUL 75 

SUBPROGRAM LENGTH 
160 

FUNCTION ASS[GNMENTS 

STATEMENT ASS[GNMENTS 
eo 141 85 
140 76 

E~TERNALS AND TAGS 
OUTPTC - 500100 STOP 

BLOCK NAMES AND LENGTHS 
BLOCK5 - 30COI BLOCKS -

VARIABLE 
DUHDUH -
NT 
STRSSI -
YPITE 

ASSIGNHENTS 
157 H~P 

25COI REFF 
765C03 Y 

2741C02 

STARt or CONSTANTS 
130 

START OF TEHPORARIES 
147 

START OF I~DIRECTS 

156 

START OF VARIABLES 
156 

133 

S00200 

3726C02 

OCOI 
765C02 

OC02 

SPACE REQUIRED TO COMPILE -- STRSCI2 
33200 

STRSCI2 

110 

END 

BLOCKC -

H 
STRSCI -
YE~P 

43 120 122 

500300 

1756CO~ BLOCKD - 766C04 

2737C02 ILONG 156 
OC03 STRSC2 - OC04 

12COI YP 1752C02 

RUNW VERSION FEB 74 [6.51.06. 23 JUL 75 

12 
12 
12 
12 
12 
12 
12 
12 
13 
IS 
16 
20 
21 
23 
31 
33 
40 
41 
42 
50 
51 
53 
55 
60 
62 
63 
64 
6' 
71 
74 
7S 

100 
103 
110 
112 
114 
121 
125 
126 
127 
131 
132 
134 
135 
137 
142 

142 
146 
146 
156 
IS' 

[NTRSCT 

SUBROUTINE [NTRSCTITENSTRN.[S.[NT.YC.D[ST.lTOT.[STDSI 
COHHON/BLOCKZlSS (501' • UA.WS (5011 .MAX lTE.CRACKW 
COHHON/BLOCK3/~BAR.STRSC.STRSB.STRC.IBABY.ITEB 
COHHON/ALOC~9/ST~.STY.PS~.PSY.ITE 

COHHON/BLOCKC/STRSCI15011.STRSSI(5011.[NC.FRF.Fy.L 
COMHON/BLOCK6/ALPHAC.ALPHAs.Ec.rRP.TIHE.EP.TOL.ITyPER 
COHNON/BLoCK5/rE~p(101.YEXP(10'.FRICHUL.NT.Fu.lrY 
COHHON/BLOCKAll.YPI.YI(5011.DELTA~.DELTAT.TEHPI.RErrl.YPITEl.w 
[NC=NT IZ 
YITEMP=STRSClIINCI 
Xl=TENSTRN 
T [HE=TlHE-0.5 
IDT=O 

50 CALL DELTENI(TIHE.DELTATI 
CALL FORWARD(TENSTRN.l.lTOTI 
DELTAX=~BARIZ. 
[NTzI 
[TE=I 
CALL MODELI(TIHE.IS.INTI 
IFI[DT.EQ.II~OTO 30 
~2sTENSTRN 
Y2=STRSCI (INTI 
IF(TIHE.LE.O.IIGOTO 80 
IF(Y2-X2120.30.10 

10 TIHEsTIHE-O.I 
GOTO 50 

20 ~2-TENSTRN 
Y2-STRSCIIINCI 

0Ir.(Y2-X211~2 
IF(ABSIDlrl.lE.TOLIGOTO 30 
lTE-ITE·1 
IF(ITE.GT.HA~ITEIGOTO 35 
CALL GETHE(XI.YITEHP.X2.Y2.rOUTI 
TENSTRN.FOUT 
CALL 9ACKTIN(TENSTRN.lTOT.ll 
CALL OELTEHI(TIHE.DELTATI 
CALL HODELIITIHE.IS.INTI 
GOTO 20 

30 INT=O 
DIST=~BAR/2. 
YCsYI(INCI 
RETURN 

80 TlME-O. 33 
[DTsI 
IF(ISTDS.EQ.IIGOTO 50 
PRINT 400 

400 FORHAT(. SLAB GETS A CRACK RIGHT ArTER CONCRETE PLACEHENT " 
I .1... THE TIHE IS ASSUHED TO BE 0.33 DAYS. ",II 

GOTO 50 
35 10NT INUE 

PRINT 355.ITE.MA~ITE 
355 FORMAT(" THE SOLUTION DID NOT CLOSE IN INTRSCT.".13.13.111 

END 



RUNW VERSION F£8 74 16.51.06. 2J JUL 75 

SUBPROGR4M lENGTH 
221 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 60 20 
50 ZI 80 

EKTERN4LS ANO TAGS 
DElTEM1- 500100 fORw_RD-
B4CKTlM- 500500 OUT PTe -

BLOCK NAMES ANO LENGTHS 
BLOCK2 - 17Sseo 1 BLOCK3 -
BLOCK6 - lOCOS BLOCKS -

VARIABLE ASS IGNMENTS 
DEL TAT - 170C01 DELTAX -
FOUT 220 lOT 
HE "C03 MAXITE -
STRSCI - OC,04 STRSS 1 -
WS 166COI XBlR 
YEXP 12C06 YI 
7 oe07 

START Of CONSTANTS 
157 

START Of TEMPORARIES 
ZIO 

START Of' INOIR(CT5 
ZIZ 

START Of' VARIABLES 
21Z 

63 
I3Z 

500200 
500600 

6C02 
30C06 

767C07 
21" 

1753COI 
765CO" 

OC02 
ZC07 

SPACE REQUIRED TO COMPILE -- INTRSCT 
33400 

INTRSCT 

30 125 35 
355 ZOZ 400 

MOOELI - 500300 GErME 
END 500700 

BLoeK9 - 5C03 BLoeKe -
BLOCKA - 175C07 

olf 217 fEKP 
INC 17S2CO" ISTOS 
NT Z5C06 SS 
TIME "COS TOL 
Xl 213 KZ 
YlTEMP - 21Z V2 

146 
165 

500400 

1756C04 

OC06 
0 
OCOI 
6COS 

ZIS 
216 

RUNW VERSION fEB 74 16.51.06. Z3 JUL 75 

SUBROUTINf STOSlfRf,fV,W) 
6 COMMON/BlOCKI/RATI0.THICK.P.f'f'.STRAINC.ES.NTP1,U,DIA.UNMT 
6 COMMON/BLOCK3/KBAR,STRSC.STRSB.STRC.IBABY,ITEB 
6 eOMMON/AlOeK6/ALPHAC.AlPHAS.EC.f'PC,TIME.EP,TOl,ITVPER 
6 COMMON/BLOCKB/BHIGH.BlOW,VSl,PZ,VST,MOOf'lAG 
6 REAL L 
6 lzXBAR/IZ. 

10 fS=0.7SofV 
11 P=L°f'Rf/12.·f'Sl 
14 ABaJ.1416/"*DIA.·Z 
20 P2=W.fRf o IOu,O/IZ,0f'Sl 
23 IfIITvPER.EQ.IIGOTO 10 
25 BHIGH=AB/ITHICKoPZI 
30 PRINT SOO,PZ.BHIGH 
31 BlO.-BHIGH/Z. 
41 RETURN 
42 10 VST*ASoIOO,/CTHICK*PZI 
46 PRINT SIO.PZ.YST 
55 RETURN 
56 500 fORMAT 1* f'OR ITvPER EQUAL TO 2, THE TRANSVERSE STEEL IS •• EIO.3. 

I • PERCENT SPACED.o./.*EI0.3,. INCHES CENTER TO CENTER,., 
56 510 fORMAT(* fOR ITYPER EQUAL TO I. THE TRANSVERSE STEEL IS -.EIO.3. 

I • PERCENT SPACED.*,E10.3,/.* INCHES CENTER TO CENTER.") 
56 ENO 

STOS 

r--­
N 
N 



RUNW VERSION fEB 74 16.51.06. l) JUL 75 

SUBPROGRAM LE~GTH 
123 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 42 500 66 510 

EXTERNALS AND TAGS 
OUTPTC - 500100 END 500200 

BLOCK NAMES AND LENGTHS 
BLDCKI - 12CQI BLOCK) -

VARI ABLE 
AB 
fS 
PZ 

ASSIGNMENTS 
III BHIGH 
121 !TVPER -

)C04 THICK 

START Df CONSTANTS 
57 

START Of TEMPORARIES 
117 

START Of INDIRECTS 
IZO 

START Of VARIABLES 
1Z0 

SPACE REQUIRED TO COMPILE -- STDS 
)2700 

STDS 

6COZ BLDCK6 -

OC04 BLOW 
7C03 L 
ICOI XBAR 

10) 

IOC03 BLOCKS -

IC04 DIA 
120 P 

OC02 VST 

6C04 

10COI 
2COI 
4C04 

RUNW VERSION fEB 74 16.51.06. 2) JUL 75 

3 
3 
3 
3 
) 

12 
26 
35 
35 

S TRSCS 

SUBROUTINE STRSCSlfRICII 
COMMON/BLOCKI/RATIO.THICK,P,ff.STRAINC.ES.NTPI.U.DIA.UNWT 
COMMON/BLOCK6/ALPHAC.ALPHAS,EC.fRP.TIME.EP.TOL,ITVPER 
COMMON/~LOCKA/Z,VPI.VI150Il,DELTAX.OELTAT.TE"PI.REffl,VPITEI.w 

COMMON/ALOCKC/STRSCI15011.STRSSI150Il,INC.fRf.fV,L 
DUMDUM=fPICloOELTAX/ITHICKoll·poES/ECII 
STRSCIIINCI=DUMDUM.poEsoIZ'DELTAToIALPHAC-ALPHASII/II.pOES/ECI 
VII)NCI=STRSCIIINCloOELTAX/EC-DELTAxoIALPHAcoDELTAT.ZI 
RETURN 
END 



RUNW VERSION FEB 14 16.51.06. 23 JUL 15 

SUBPROGRAM LENGTH 
41 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 

EXTERNALS AND TAGS 
END 500100 

BLOCK NAMES AND LENGTHS 
BLOCK I • 12COl BLOCK6 • 

VARIABLE 
ALPHAC • 
DUMDUM -
P 
VI 

ASSIGNMENTS 
OC02 ALPHAS • 

40 EC 
2COI STRSCI -
2C03 I 

START OF CONSTANTS 
36 

START OF TEMPORARIES 
36 

START OF INOIRECTS 
40 

START OF VARIABLES 
40 

10C02 BLOCKA -

lC02 DEL TAT • 
2C02 ES 
oe04 STRSSI • 
OC03 

SPACE REOUIRED TO COMPILE -- STRSCS 
32600 

STRSCS 

175C03 BLOCKe -

170C03 DEL TAX -
5COI INC 

165CO" THICK 

1156e04 

167C03 
\152CD4 

ICOI 

RUNW VERSION FEB 74 16.51.06. 23 JUL 75 

SUBROUTINE FRICI!FAI 
3 COMMON/ALOCK5/fEXPIIOI.vEXPIIOI.FRICMUL.~T.FU.IfV 
3 COMMON/BLOC~A/Z.fPI.V1(501).OELTAX.OELTAT.TEMPl.REFFI.VPITEI.W 
3 COMMON/~LOCKC/STRSCI(501).STRSS115011'INC.FRF.FV.L 
3 IF!IFV.~o.IIXOTO 10 
5 IFIIFV.EO.2IXOTO 40 
7 GOTO 90 
1 10 CONTINUE 
7 SLOPE~FRICMUL 

II FA,VIIINCI"SLOPE 
13 IFIABSIFAI.LE.FUIRETURN 
16 IFIFA.GT.O.OIFA.FU 
21 IFIFA.LE.O.OIFA.-,U 
2.. RETURN 
25 40 CONTINUE 
25 l'IYIII~CI.GT.O.OIGOTO 50 
30 ,AaFRICMUL"SQRTIABSlfIIINCIII 
35 GOTO 60 
36 50 CONTINUE 
36 ,A:·FRICMUL"SQRTIYIIINCII 
.... 60 CONTINUE 
.... IfIABSlfAI.LE.fUIRETURN 
50 IFIFA.GT.O.OlfA:FU 
53 IFIFA.LT.O.OIFA--FU 
56 RETURN 
51 90 CONTINUE 
51 DO 100 J-I.IWY 
61 IFIABSIYIIINTII.LT.ABSIYEXPIJIIIGOTO 110 
61 100 CONTINUE 
12 FA.FEXPIIFVI 
73 GOTO 120 
73 liD CONTINUE 
73 OUMOUM-IfEXPIJI-FEXPIJ-ill/IABSIVEXPIJII-ABSIVEXPIJ-IIII 

102 FA=FEXPIJ-II'OUMOUMoIABSIVIIINCII-ABSIYEXPIJ-IIII 
112 120 CONTINUE 
112 IFeY! (lNCI.GT.O.OI,A--FA 
115 RETURN 
116 [NO 

FRICI 



RUNW VERSION FEB 74 16.51.06. 2J JUL 75 

SUBPROGRAM LENGTH 
125 

FUNCTION ASSIGNMENTS 

STATEMENT ASS IGNMENTS 
10 7 40 25 
90 57 110 7J 

EXTERNALS ANO TAGS 
SaRT 500100 ENO 500200 

BLOCK NAMES ANO LENGTHS 
BLOCKS - 30COl BLOCKl - 775C02 

VARIABLE ASSIGNMENTS 
OUMOUM - 12" FEXP OCOI 
In 27COI INC I 752C03 
STRSCI - OC03 STRSSI - 765C03 

START OF CONSTANTS 
117 

START OF TEMPORARIES 
117 

START OF INOIRECTS 
122 

START OF VARIABLES 
122 

SPACE REQUIRED TO COMPILE -- fRICI 
33100 

FRICI 

50 
IZO 

BLOCKC -

FRICMUL-
J 
YHP 

36 60 
112 

1756C03 

24CO\ FU 
123 SLOPE 

12COI YI 

44 

26CO\ 
122 

2C02 

RUNW VERSION FEB 74 16.51.06. 2J JUL 75 

3 
3 
3 
5 
7 

11 
12 
16 
20 
22 
22 
22 
31 
37 
"1 
42 
42 
44 
50 
51 
51 
53 
60 
63 
64 

BACFRCI 

SUBROUTINE BACFRCI(FJ' 
COMMON IBLOC2S/FEXPtI8I,YEXP(IOI,FRICMUL,NT,FU,IFY 
COMMON/BLOCKl/Z,YPI,YI(501',DELTAX,DELTAT,TEMPI,REFFI,YPITEI,W 
IF(FRICMUL.EQ.O.OIRETURN 
IF(IFY.EQ.IIXOTO 40 
IF(lfY.EQ.2IXOTO 60 
DO 10 J-Ioln 
IF(ABS(FJ'.LT.ABS(FEXP(JI"GOTO ZO 

10 CONTINUE 
YPI =YEXP "FYJ 
RETURN 

20 CONTINUE 
DUMDUM-(FEXP(JI-FEXPtJ-I',/(ABS(YEXP(JI,-ABS(YEXP(J-I,II 
YPI-ABS(YEXPtJ-III'(ABS(FJ,-FEXP(J-I"/DUMDUM 
IF(F3.GT.0.OIYPI~-YPI 
RETURN 

40 CONTINUE 
YPI=F3/FRICMUL 
IF(ABS(FJI.GE.FUIYPI-YEXP(I, 
RETUIIN 

60 CONTINUE 
YPI·(F3/FRICMULI··Z 
If(ABStF3'.GE.FU'YPI·YEXP(11 
IFtF3.GT.0.OIYPI.-YPI 
RETURN 
END 



RUNV VERSION FEB 74 16.51.06. 23 JUL 75 

SUBPROGRAM LENGTH 
70 

FUNCTION ASSIGN~ENTS 

STATEMENT ASSIGNMENTS 
20 22 40 42 

EXTERNALS AND TAGS 
END 500100 

BLOCK NAMES AND LENGTHS 
BLOCKS - 30COI BLOCKA - 775C02 

yARIABLE ASSIGNMENTS 

60 

DUMDUM - 67 FEXP OCOI I'RICMUL-
IFY 27CII J 
YI 2C02 

START OF CONSTANTS 
65 

START OF TEMPORARIES 
65 

START OF iNOIRECTS 
66 

START OF VARIABLES 
66 

66 YEXP 

SPACE REQUIRED TO COMPILE -- BACFRCI 
3Z700 

BACI'RCI 

51 

24COI FU 
12COI YPI 

26COI 
IC02 

RUNW VERSION I'EB 74 16.51.06. 23 JUL 75 

SUBROUTINE BINRYI'IlF31 
3 COHHON/8LOCKA/Z.YPI.VI(501).OELTAX.OELTAT.TEHPI,REl'rl.VPITEI.v 
3 COHHON/ALOCKC/STRSClc5011.STRSSI1501I,INC.FRF.ry.L 
3 IrIVPI.GT.YICINCIIGOTO 10 
7 TEMPI-RE'rl 

10 RErFI_F3 
II F3=(3.·F3-TEMPII/2. 
14 RETURN 
14 10 CONTINUE 
14 F3='R(FFI.F31/2. 
17 RETURN 
17 END 

SINRyn 



~UNW VERSION fEB 74 16.51.06. 23 JUL 75 

SUBP~OGRAM LENGTH 
23 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 14 

EXTERNALS AND TAGS 
ENO 500100 

BLOCK NAMES AND LENGTHS 
BLOCKA - 775COI BLOCKC -

VARIABLE ASSIGNMENTS 
INC 1752C02 REffl 
TEMPI 771COI YPI 

START Of CONSTANTS 
20 

START Of TEMPORARIES 
22 

START Of INDIRECTS 
23 

STA~T Of VARIABLES 
23 

1756C02 

772COI STRSCI -
ICOI Yl 

SPACE REQUIRED TO COMPILE -- BINRYfl 
32400 

BINRYfi 

OC02 STRSSI -
2COI 

765C02 

RUNW VERSION fEB 74 16.51.06. 23 JUL 75 

5 
5 
5 
5 
5 
5 
5 
7 

II 
12 
16 
21 
26 10 
26 
32 
32 
33 
34 50 
34 
36 
41 
41 
43 110 
43 
44 70 
44 
50 
62 120 
62 

CLOSfi 

SUBROUTINE C30SEICINDEX,f31 
COMMON/RLOCK2/SSC501l,AAA,WSC501l,MAXITE,CRACKW 
COMMON IBLOCK61 ALPHAC,ALPHAS,EC,fRC,TIME,EP,TOL,lTYPER 
COMMON/BLOCK./Z,YPI,YIC5011,DELTAX,DELTAT,TEMPI,~Effl,YPITEI,W 

COMMON/RLDCKC/STRSCIC5011,STRSSIC501I,INC.fRf,fy,L 
INTEGER AAA 
INDEX=O 
BAD=I. 
IfCAA •• EO.IIXOTO 50 
IfCYICINCI.EO.O.OIGOTO 10 
IfC.BSCYICINTII.LT.I.E-06IGOTO 10 
Dlfl=CYICINCI-YPITEI1/YICINCI 
IfCABSCDlfll.GT.TOLIBAD~BAD.I. 
CONTINUE 
IfCBAD.GT.I.1GOTO 50 
INDEX_I 
AAAzl 
RETU~N 

CONTINUE 
AAA.:"A" •• 
IfCAAA.GT.MAXITEIGOTO 70 
MAI=AU-I 
YPITEI=YIIiNCI 
fORMATC" MAl IS",15,"SAD IS",f5.I," AAA IS ",lSI 
RETURN 
CONTINUE 
PRINT 120 
PRINT IIO,MAI,BAD,AAA 
fORMATC" IN SUBROUTINE CLOSE I THE SOLUTION DID NOT CLOSE"I 
END 



RUN. VERSION fEB 7_ 16.51.06. 23 JUl 75 

SUBPROGRAM lENGTH 
110 

fUNCTION ASSIGN~ENTS 

STATEMENT ASSIGNMENTS 
10 26 50 
120 76 

EX~ERNAlS AND TAGS 
OUTPTC· 500100 END 

BLOCK NAMES AND lENGTHS 
8LOCK2 - 1755COI BLDCK6 • 

VARIABLE 
AAA 
MAXITE -
STRSSI -
vi 

ASSIGNMENTS 
76SCOI BAD 

17S3COI MAl 
765CO_ TOl 

2e03 

START Of CONSTANTS 
63 

START Of TEMPORARIES 
10 .. 

START Of INDIRECTS 
105 

START Of VARIABLES 
105 

3 .. 

500200 

IOC02 

105 
107 

6C02 

SPACE REQUIRED TO COMPILE •• CLOSEI 
32700 

CLOSE I 

70 .... 110 

BLOCKA - 775CO) BLOCKe -

Dlf! 106 INC 
SS Oc01 STRSCI • 
liS 766COI YPITEI -

67 

1756CO" 

1752CO" 
OCO" 

773C03 

RUN. VE~SION fEB 7" 16.51.06. Z3 JUL 75 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

6 
10 
II 
II 

c 
C 
C 
C 
C 

C 

I" 10 
16 
2" 
27 ZO 
27 
3" 
.. 0 
42 
.. 6 
.. 7 
50 30 
50 
52 
Si! 
55 "0 
60 
65 
70 50 

C 
C 
C 

70 
75 

101 
102 

C 
106 60 

C 
106 
116 
117 
12" 

fORWARD 

SUBROUTINE fORWARD ITENSTRN.ZTOT.ZI ................................................................. 
THIS SU8ROUTINE CALCULATES THE TIME DEPENDENT VARIABLES fROM 
WHICH THE SLA8 RESPONSES ARE COMPUTED. LINEAR INTERPOLATION 
IS uSEO TO GET fLEXURAL STRENGTH fROM AGE Of CONCRETE • ................................................................. 

COMMON IBLOC~II RATIO.THICK,P,ff,STRAINC.ES.NTPI,U.DIA.UNWT 
COMMON IBLOC221 SSI5011.AAA.WSI5011.MAXITE.CRACKW 
COMMON IBLOCK31 XBAR.STRSC.STRS8.STRC.IBABV.ITEB 
COMMON IBLOC~_I ALI5011.STRAINISOI).CONSTRI50Il.STRESSSISOII 
COMMON IBLOCKSI fEXPIIO,.VEXPIIOI.fRICMUL.NT.fU.lfV 
cOMMON IBLOC261 ALPHAC.AlPHAS.EC.fPC.TIME.EP.TOL.ITVPER 
COMMON IBLOC~81 VI5011.REfflSOll.VPISOII.H.ICLOSEB.VPITEI5011 
COMMON IBLOC~IOI NSTRN.VOS,AGEUI201.TENSIONI201.STRNMUL 
OIMENSION PERCENTI81.AGE(8) 
DATA PERCENT/0 •• 15 •• 38 •• 53 •• 63 •• 8Z •• 9 .... 100.1 
DATA AGE/O.,3 •• 3 •• 5.,7 •• I~.,Zl~.28.1 
INTEGER AAA 

If (NSTRN.GT.O.I GO TO 30 
DO 10 1=1.8 

J=I 
If ITI~E.3E.AGEIIII GO TO ZO 

CONTINUE 
PRINT 80. TIME 

GO TO 70 
CONTINUE 

PERCOM.(PERCENTIJI.PERCENT(J-II'/IAGE(JI-AGEIJ·I), 
PERTOMaPERCENTfJ·I,·PERCOM*(TIME-AGEIJ-II) 
COMSTR=PERCOM*fPC/IOO 
.LESTRNa 3000./f),·IZOOO./COMSTRI 
TENSTRN=fLESTRN·STRNMUL 

GO TO 60 
CONT INUE 
DO 40 I=I.NSTRN 

J=I 
If ITlME.3E.AGEUII)) GO TO 50 

CONTINUE 
PRINT 80. TI"E 

GO TO 70 
CONTINUE 

COMPUTE 5LOPE BV LINEAR INTERPOLATION 

CONTINUE 

SLOPE-(TENSION(JI-TENSIONfJ-III/(AGEUIJI-AGEU(J·II) 
TENSTRN=TENSIONIJ-II.SLOPE·(TIME-AGEUIJ-111 
fLESTRN=TENSTRN/STRNMUL 
COMSTRa(12000.-fLESTRN)/13000.-J.·fLESTRN) 

EC=)).-(UNWT-·I.SI-SQRTICOMSTRI 
RATIO=ES/EC 
Ua9.S-SQRTICOMSTRI/DIA 

If (U.GT.800.1 U=800. 



RUNW VERSION FEB 74 16.51.06. 23 JUL 75 RUNW VERSION FEB 74 16.51.06. 23 JUL 15 

131 SHRN=26.*EXPfO.36*VDS) SUBPROGRAM LENGTH 
131 Z=!TIME/(SHRN'TI"E))*ZTOT 242 
143 RETURN 
144 7U CONTINUE 
144 80 FORMAT III.IOX."ERROR IS DETECTEO IN SueROUTINE FORWARD*,I.IOX, 

I -TIME ENCOUNTERED IS GREATER T~AN "AXI"UH AGE PROVIDED BY THE USE 
2R'I, 10X"TIME ••• EIO.3.I, 
3 10X,'PROGRAM IS TERMINATED') 

144 END 

FUNCTION ASSIGNMENTS 

STATE"ENT ASSIGNMENTS 
20 27 30 
10 144 80 

EXTERNALS AND TAGS 
OUTPTC - SOOIOO SQPT 
END 500500 

BLOCK NA"ES AND LENGTHS 
BLOCK I - 12CO I SLOCKe! -
BLOCKS - 30COS SL OCK6 -

YARIABLE ASSIGNMENTS 
AAA 76SC02 AGE 
COMSTR - 236 CONSTR -
ES 5COI HlP 
1 233 J 
PERCOM - 235 RATIO 
SLOPE 240 SS 
STRNMUL- 52CI0 TENSION-
UNliT IICOI \/OS 
YEXP 12COS YP 

START OF CONSTANTS 
14S 

START OF TEMPORARIES 
210 

START OF INDIRECTS 
213 

START OF VARIABLES 
213 

50 
161 

S002eo 

1755C02 
IOC06 

223 
11S2C04 

(lC05 
234 

OCOI 
OC02 

26CIO 
ICIO 

17S2C07 

SPACE REQUIRED TO COMPILE -- FORIIARD 
33500 

fORWARD 

SO 70 60 106 

RBAREX - S00300 EXP 500400 

BLOCK3 - 6C03 BLOCK4 - 3724C04 
BLOCKS - 3726C07 SLOCKIO- 53CIO 

AGEU 2CIO AL OC04 
OIA lOCO I EC 2C06 
HESTRN- 237 FPC 3C06 
NSTRN OCIO PERCENT- 213 
REfF 765C07 SHRN 241 
STRAIN - 165C04 STRUSS- 2731C04 
TJ~ 4C06 U 1COI 
liS 166C02 Y OC07 
YP)TE 2741C07 



RUN~ VERSION FEB 74 16.51.06. 23 JUL 75 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
IS 
16 
20 
21 
23 
25 
27 
27 
27 
31 
33 
34 
34 
36 
54 
66 
70 

100 
110 
113 
117 
121 
122 
131 
137 
144 
lSI 
153 
156 
167 
201 
204 
207 
215 
222 
227 
233 
23S 

MOOEL2 

SuBROUTI~E MOOEL2 (f,BONDL,Z,OELTAT,SUM,I~DEx,STRMAX.ISC) 
DIMENSION f(501).SUMI501) 
COMMON IBLOCKII RATIO.THICK.P,ff,STRAINC,ES'NTPI,U.DIA,UNWT 
COMMON IBLOCK21 SSISOII.AAA.~SrSOI).MAXITE.CRACKW 
COMMON IBLOC231 XBAR.STRSC,STRSB.STRC.IBABT.ITEB 
COMMON IBLOCK41 AL(501).STRAINISOII.CONSTR(SOI).STRESSSISOI) 
COMMON IBLOCK51 fEXPIIO).TExPIIOI.fRICMUL.NT,fU,lfT 
COMMON IBLOCK61 ALPHAC.ALPHAS.EC.fPC,TIME.EP.TOL.ITYPER 
COMMON IBLOC281 YI5011.REffISOI).TPISOI).H.ICLOSEB.YPITEISOI) 
COMMON IBLOCK91 STX.STy.PSX.PST.ITE 
COMMON IBLOC2141 IFINISH 

COMMON IBLOCKCI STRSCI15011.STRSSIISOI).INC.FR',Fy.L 
COMMON IBLOC2D/STRSC2!SOII.DI51 
REAL NEGT 
II>HEXER AU 
REAL L 

IFIISC.EO.IIGOTO IS 
1111C=2 
GH=xBAR/NT 
L=O.O 

18 L=GH+L 
H:L/NT 
INCzINC'1 
GOTO 16 

IS CONTINUE 
L=OISTI2. 
H=L/NT 
INC=NT 12 

16 CONT U~UE 
DO 10 I=I.NTPI 

10 CONTINUE 

Y(II.REFFIII'YPIII:AL(II.F!I)=O. 
S5!II·STRAIN(II~CONSTRIII'STRESSS!I)=0. 

IF (ITYPER.EO.I) CALL DFBAR (BONDL.STRMAX.l.D£LTATI 
IF ([TYPER.EO.2) CALL Of WIRE (BONOL .STIIMU.Z.OEL TAT) 

IF (BONOL.GE.LI GO TO BO 
IF(L.GT.O.7S-DISTIGOTO 88 

STRAINC·STRMAX/EC 
CALL STRGENE (BONOLI 
CALL SIMPSPE ISTRAIN.NTPI.H.5UMI 
CALL CONMOV (SUM.Z.OELTATI 
CALL FRIC IF! 
1)0 20 J=I.NTPI 

REF"IJI=FIJI 
20 CONTINUE 

IF (ITYPER.EO.I) CALL O'BAR, (f.BO~OL.STRMAX,Z'DELTATI 
IF (ITYPER.EO.2) CALL D'.IREf I •• BONDL.STRMAX.Z.DELTATI 

IFIBONOL.GE.3)GOTO 80 
CALL SIMPSPE (STRAI~.~TPI.~.SUM1 
CALL CONMOV (SUM.Z.OELTAT1 
CALL FRIC IFI 
00 30 J.I,NTPI 

FIJI=(REfFIJI.FIJI)/2. 
30 CONTINUE 

CALL SIMPSPE (F,NTPI,H.SUM' 

RUN~ VERSION FEB 74 16.51.06. 23 JUL 75 

240 
246 
246 
251 
256 
262 
33S 
337 
331 
344 
361 
373 
316 
401 
401 
407 
415 
430 
431 
431 
445 
446 
446 
451 
,,53 
457 

461 

461 
461 
461 
46" 
466 
412 
472 
476 
477 
477 
477 
477 
477 
477 
477 

477 

C 

C 

Ff ~SUM I~TP I I 
40 CONT/~UE 

IF IAAA.LT .MUITO GO TO 50 
PRINT 90. AAA 
PRINT 100 
PRINT 110. tl,ALtl',REfftll,TPII).YIII,FII)./=I,NTPI' 
STOP 

50 CONTINUE 
CALL BAII'RIC (f) 

IF (HYPER.EO.U CALL Of BARf (f,BONOL.STRMAX.Z.OEL TAT! 
IF IITVPER.EO.21 CALL OFWIREF tr,BONOL,STRMAX.Z.OELTATI 

IFtBONOL.GE.3IGOTO 80 
CALL SIMPSPE ISTRAIN.NTPI,H,SUM) 

201 FORMATtIOX,-BONOL IN MOOEL2 =.,EIO.3.II' 
CALL CONMOV ISUM.Z.OELTAT) 

10 

CALL CLOSE INTPI.INOEX •• , 
IF IINDEX.EO.I.ANO.ICLOSEB.EO.I) GO TO 70 

CALL BINARY, IF) 
CALL SIMPSPE tf,NTPI.H.SUM) 

ff"SUMtNTPI' 
GO TO 40 

88 

CONTINUE 
STR5CZIINCI=STRMAX 
IfIISC.EQ.IIRETURN 
IFIL.LE.DI5T/2.IGO TO 18 
DELTAX=L 

161 

80 

81 

ISO 
160 

90 
100 
110 
130 
140 

PRINT 161 
FORMATIIOX,-5TRSC2-,9X.- INC -./1 
PRINT 160,ISTRSC2111,1.1=1.INCI 
RETURN 
CONTINUE 
STRSCZIINCI=STRMAX 
IFIlsC.EO.I)RETURN 
IFIL.LE.OIST/2.)GOTO 18 
CONTINUE 
PRINT ISO 
RETURN 
FORMATIII,IOX,- BONO LENGTH IS GREATER THAN OIST.-) 
'ORMAT(IOX,EIO.3.5X.15) 
FORMAT II/.IOX.-RESULTS fOR ITERATION -. 15.1) 
fOAMAT (/.12X.·I·.7~ •• AL(I) •• 7X •• REfF·.9Xt·YP·.IIX •• Y.,11x •• F-./t 
,ORMAT IIOX.15.512X,EIO.3)) 
FORMAT ( lOX •• STRNAX =-.[10.3) 
.ORMAT 111.15X.- FOR TIME or - .E10.3.1. 

I IOX •• SHRINKAGE=-.EIO.3.1. 
2 10X,-DELTAT = •• EIO.3) 

END 
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SUBPROGRAM LENGTH 
613 

.UNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
15 27 16 34 
50 337 70 .... 6 
88 457 90 530 
130 550 140 554 
161 513 201 506 

EXTERNALS AND TAGS 
DrBAR SOOIOO DrWIRE - S00200 
CONMOV - S00500 rRIC 500600 
OUTPTC - SO 1100 STOP S01200 
BINARY'- 501500 END 501600 

BLOCK NAMES AND LENGTHS 
BLOCKI • 12COI BLOCK2 - 1755C02 
BLOCKS - 30C05 BLOCK6 • II1C06 
BLOCKI4- ICII BLOCKC - 1756C12 

VARIABLE ASSIGNMENTS 
AU 765C02 AL OC04 
DIST 765CI3 EC 2C06 
GH 607 H 2737C07 
INC 1752C12 ISC I 
L 1755CI2 MAXITE • 175Je02 
NTPI 6COI REH 765C07 
STRAINC- "COl STRESSS- 2737C04 
STRSC2 - OCIl STRSSI - 765CI2 
y OC07 YElP 12e05 

START or CONSTANTS 
500 

START or TEMPORARIES 
514 

START or I"lD~RECTS 
571 

START 01' VAR !ABLES 
606 

SPACE REQUIRED TO COMPILE -- MODEL2. 
)5100 

MODEL2 

RUNW VERSION 'EB 14 16.SI.06. 23 JUL 7S 

SUBROUTINE C6NKOV (SUM.l.OELTATI 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C THIS SUBROUTINE COMPUTES THE MOVEMENT 0. THE CONCRETE AT 
C EVERY STATION • THE MOVEMENT 15 COMPUTED FROM THE DEVELOPPED 
e DIFFERENTIAL EQUATION. 

18 21 40 246 C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
80 461 81 .. 72 6 DIMENSION SUMC5011 
100 535 110 544 6 COMMON IBLOCKII RATIO.T~ICK.p.rr.STRAINC.ES.NTPI.U.DIA.UNWT 
150 517 160 525 6 COMMON IBLOCK21 SSC501I,AAA.WSI5011.MAXITE.CRACKW 

6 COMMON IBLOC231 XBAR.STRSC.STRSB.STRC.IBABY.ITEB 
6 COMMON IBLOCK41 ALC501,.STRAINfSOll.CONSTR(501).STRESSSfSOII 
6 COMMON IBLOCK51 .EXPCIOI.YEXPIIOI,fRICMUL.NT,FU 

STRGENE- S00300 SIMPSPE- S00400 6 COMMON IBLOCK61 ALPHAC,ALPHAS.Ec,rpC,T[ME.EP,TOL 
DrBARr - S00700 Of wIREr- S01000 6 COMMON IBLOC281 YCSOl).REfrCSOII.YPfSOI).H.ICLOSEB.YPITECSOII 
UKfRIC- SOl300 CL05E SOI"OO 6 INTEGER AAA 

6 00 10 I=I.NTPI 
7 YCI'aSUM(II-ALIII*IALPHAC*OELTAT,ZI.YIII 

IS 1. (ABSCYCI)).GT.I.I GO TO 20 
BLOCK3 - 6C03 BLOCK.. - 3724CO .. 22 10 CONTINUE 
BLOCK8 - 3U6C07 BLOCK9 - 5C1O 24 RETURN 
BLOCKO - 766CI3 24 20 CONTINUE 

24 PRINT 50. CYCI).Izl,NTPII 
37 50 fORMAT 1/,lox.47H MOVEMENTS GREATER THAN I INCH ARE ENCOUNTERED. 

CONSTR - I 752C04 DEL TAX - 612 I. IOx.812X.EIO.)) 
'EXP OC05 rr JeOI 37 END 
I 61e ICLOSEB- 2740C07 
HYPER - 7C06 J 611 
NEGT 606 NT 25C05 
SS OC02 STRAIN - 165C04 
STRMAX - 0 STRSCI - OC12 
WS 766C02 lBAR ocn 
yp I 752C01 YPITE 2141C07 

CONHOV 



RUN~ VERSION fEB 74 16.51.06. 23 JUL 75 

SUBPROGRAM LENGTH 
57 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
20 24 50 43 

EXTERNALS AND TAGS 
OUTPTC - SOOIOO END S00200 

BLOCK NAMES AND LENGTHS 
BLOCKI - 12COI BLOCK2 -
BLOCK5 - 27C05 BLOCK6 -

1755C02 BLOCK3 -
7C06 BLOCK8 -

VARIABLE 
1.1.1. 
fEXP 
SS 
Y 

ASSIGNMENTS 
765C02 AL 

OC05 I 
OC02 STRAIN -
OC07 YEXP 

START Of CONSTANTS 
40 

START Of TEMPORARIES 
54 

START Of INDIRECTS 
56 

START Of VARIABLES 
56 

OC04 
56 

765C04 
12C05 

SPACE REQUIRED TO COMPILE -- CONMOY 
32700 

CONMOY 

ALPHAC -
NTPI 
STRESSS­
YP 

6C03 BLDCK4 -
3726C07 

OC06 CONSTR -
6COI REff 

2737CO .. ~S 
1752C07 YPITE 

3724C04 

1752C04 
765C07 
766C02 

2741C07 

RUN~ VERSION fEB 7 .. 16.51.06. 23 JUL 75 

6 
6 
6 
6 
6 
6 
6 
6 

10 
12 
13 
14 
20 
23 
31 
31 
34 
37 
37 
40 
41 

41 
43 
46 
46 
50 
52 
54 
54 
54 
60 
72 
76 

154 
154 

154 
154 
154 

CLOSE 

SUBROUTINE C30SE IN,INDEX,fl 
C ••• 0.0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C THIS SUBROUTINE IS USED ~ITH THE BINARY TECHNIQUE 
C Of MOVEMENT CLOSURE 
C •••••• 0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 

COMMON IBLOCKZI SSI5011,AAA,~SI5011,MAXITE,CRACK~ 
COMMON IBLOCK41 ALI5011,STRAINI5011,CONSTRI5011,STRESSSI5011 
COMMON IBLOC~61 ALPHAC,ALPHAS,EC,fPC,TIME,EP,TOL,ITYPER 
COMMON IBLDC281 YI5011,REffI5011,YPI5011,H,ICLOSEB,YPITEI5011 
DIMENSION DI~15011,fI5011 
INTEGER AU 

INDEX=O 
BAD=I. 

If IUA.EQ.II GO TO 50 
DO 20 1=2,N 

If IYlP.EQ.O.1 GO TO 10 
If lABSIYIIII.LT.I.E-061 GO TO 10 

o If I II.n ( II-YP ITE I lIllY I II 
If lABS IDlf ([ II .GT. TOll BAD=BAD'I. 

10 CONTINUE 
20 CONTINUE 

If (BAD.GT.I.I GO TO 50 
INDEX-I 

RETURN 
50 CONTINUE 

C 

AU-I 

UA=UA'I 
If IAAA.GT.MAXITEI GO TO 70 

MAI=UA-I 
DO 60 I-I,N 

YPITE (II =Y I II 
60 CONTINUE 

RETURN 
70 CONTINUE 

PRINT 120 
PRINT 110, MAI,BAD,AAA 
PRINT 80 
PRINT 130, 111,YII),YPITEII),Olf(I),SS(I),STRESSS(II,STRAIN(I), 

I CONSTRII),fll)),I-I,N) 
80 fORMAT 111,Z8X,' Y YPITE Dlf ',1) 
110 fORMAT III, lOX,' SOLUTION 010 NOT CLOSE fOR ITERATION',15,1, 

I 10x,'THE NUMBER Of POINTS THAT DID NOT CLOSE ARE',fIO.O,I, 
2 IHI,II,IOx,' RESULTS fOR ITERATION ',15,11) 

120 fORMAT III' lOX,' BAO LUCK, SOLUTION DID NOT CLOSE ',11) 
130 fOR~AT ( 20X,15,8(ZX,EI0.311 

END 
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SUBPROGRAM LENGTH 
1217 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 31 20 
SO 162 110 

E~TERNALS AND TAGS 
OUTPTC - SOOIOO END 

8LDCK NAMES AND LENGTHS 
BLOCK2 - 1755COI 8LOCK4 -

YARIABLE 
AAA 
DIF 
REFF 
TDL 
yPITE 

ASSIGNMENTS 
765COI AL 
227 1 
765C04 SS 

6C03 "S 
2741C04 

START DF CONSTANTS 
15<; 

START OF TEMPDRARIES 
224 

START OF INDIRECTS 
227 

START OF VARIABLEs 
227 

31 
170 

S00200 

50 
120 

3724C02 BLOCK6 -

OC02 BAD 
1215 MA~ITE-

OCOI STRAIN -
766COI y 

SPACE REDUIRED TO COMPILE -- CLOSE 
33300 

CLOSE 

41 70 
213 130 

IOC03 BLOCKS -

1214 CONSTR-
1753COI MAl 
76<;C02 STRESSS­

OC04 YP 

54 
2Z1 

3726C04 

I 752C02 
1216 
2737C02 
I 752C04 

RUNW VERSION FEe 74 16.51.06. 23 JUL 75 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
7 

11 
12 
13 
21 
23 
25 
25 
25 
J4 
45 
50 
53 
53 
S3 
S5 
60 
66 
71 
71 
71 
73 
76 

10" 
UO 
113 
113 

BAKF~lC 

10 

20 

30 

40 

50 

60 

70 

SUBROUTIN~ BAKFRIC (FI 
DIMENSION 1'15011 
COMMON IBLOCKII RATIO.THICK.P.FF.5TRAINC.E5.NTPI.U.DIA.UN"T 
COMMON IBLOC221 55(5011.AAA.WS(5011.MA~ITE.CRACKW 
COMMON IBLOCK31 XBAR.5TRSC.STRSB.STRC,18A8Y,ITE8 
COMMON IBLOCK4' AL(SOII.5TRAINIS011.CONSTRIS011.5TRESSSI5011 
COMMON IBLOCK5' FEXPII01.VExPI10I,FkICMUL,NT,fU.lfY 
COMMON IBLOC261 ALPHAC.ALPHAS.EC,fPC.TIME.EP,TOL.ITVPER 
COMMON IBLoe281 YI5011.REFfI5011.VPISOII,H.ICLOSEB.VPITEI5011 
INTEGER AU 

IF IFRICHUL.ED.O.OI RETURN 
If (IFY.EQ.I) GO TO 40 
IF IIFY,ED.l) GO TO 60 

DO 30 hltNTPI 
00 10 J=I.II'Y 

11' !ABSIFIIII.LT.ABSlfE~PIJIII GO TO 20 
CONT INUE 

YP III -YOP OFY I 
GO TO 30 

CONTINUE 
DUMOUM-IfEXPIJI-fEXPIJ-III/IABSIYEXPIJ,'-ABSIYEXPIJ-IIII 
yPIllaABSIYEXPIJ-III'IABSIFIIII-FEXPIJ-III/DUMDUM 

IF "1!l.GT.Ol YPlII=-YPIII 
CONTINUE 
RETURN 
CONT INUE 
DO SO I=I.NTPI 

yPIII=FIII/FRICMUL 
IF IABSIFlll).GE.'U) YPlllzYEXPll1 

CONTINUE 
RETURN 
CONTINUE 
DO 70 IcloNTPI 

yPll)=IFIII/FRICMUl)··Z 
IF IABSII'II)I,GE.FU) YPIII=YEXPIII 
IF IFllhGT.OI yPIl13-YPIlI 

CONTINUE 
RETURN 
END 



RUN~ VERSION ~EB 74 16.51.06. 23 JUL 75 

SUBPROGRA~ LENGTH 
121 

fUNCTION ASSIGN~ENTS 

STATEMENT ASSIGNMENTS 
20 25 30 
60 71 70 

EXTERNALS ANO TAGS 
END SOOIOO 

BLOCK NAMES AND LENGTHS 
BLOCK I - 12CO I BLOCK2 -
BLOCKS - 30C05 BLOCK6 -

VARIABLE ASSIGNMENTS 
AAA 76SC02 AL 
fEXP OC05 fRICMUL-
IfY 27C05 J 
SS OC02 STRAIN -
Y OC07 YEXP 

START Of CONSTANTS 
1110 

START Of TEMPORARIES 
1110 

START Of INDIRECTS 
116 

START Of VARIABLES 
116 

50 
110 

1755C02 
IOC06 

OCOIo 
21oCOS 

117 
765C04 

12C05 

SPACE REQUIRED TO COMPILE -- BAKfRIC 
33100 

BAK~RIC 

40 53 50 

BLOCK3 - 6C03 BLOCKIo -
BLOCK8 - 3726C07 

CONSTR - 1752C04 DU~DUM -
fU 26COS I 
NTPI 6COI RHf 
STRESSS- 2737C04 ~S 
YP 17S2C07 YPITE 

66 

3724COlo 

120 
116 
765C07 
766C02 

271olC07 

RUN~ VERSION fEB 74 16.51.06. 23 JUL 75 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 

11 
12 
14 
21 
21 
21 
25 
25 
3Q 
30 

BINARY, 

10 

20 
30 

SUBROUTINE BINARYf If) 
DI~ENSION fl50ll 
COMMON /BLOCKI/ RATIO,THICK,P,ff,STRAINC'ES'NTPI'U'DIA,UN~T 
COMMON /BLOC22/ SSI50Il,AAA,~SI50Il,MAXITE,CRACK~ 
COMMON /BLOCK3/ XBAR,STRSC,STRSB,STRC,IBABY,ITEB 
COM~ON /BLOCK4/ ALI50ll,STRAINI50ll,CONSTRI50ll,STRESSSISOIl 
COMMON /BLOCK5/ fEXPIIOl'YEXPIIOl,fRIC~UL,NT,fU,lfY 
COMMON /BLOC26/ A~PHAC,ALPHAS,EC,fPC,TIME,EP,TOL,ITYPER 
COMMON /BLOCK8/ YI501',REffI501"YPI501',H,ICLOSEB,YPITEI501, 
COMMON /BLOC29/ STX,STY,PSX,PSY,ITE 
DO 30 I=I,NTPI 

If IYPII loGT .HI l l GO TO 10 
TEM7=REfflll 
REf~lll·flll 
flll.130flll-TEMPl/2. 

GO TO 20 
CONTINUE 

CONTINUE 
CONTINUE 
RETURN 
END 

~lll=IREfflll·fllll/2. 



RUNW VERSION FEB 14 16.51.06. 23 JUL 1S 

SUBPROGRAM LENGTH 
36 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 21 ZO Z5 

EXTERNALS AND TAGS 
END SOOIOO 

BLOCk NAMES AND LENGTHS 

30 

BLOCKI - 12COI BLOCK2 -
BLOCKS - 30C05 BLOCK6 -

175SC02 BLOCK3 -
IOC06 BLOCKS -

VARIABLE 
AL 
NTPI 
STRESSS­
YEXP 

ASSIGNMENTS 
OCO .. CONSTR -
6COI REH 

2131CO .. TEMP 
12C05 YP 

START Of CONSTANTS 
31 

START OF TEMPORARIES 
33 

ST'RT Of INDIRECTS 
34 

START Of VARIABLES 
34 

I 75ZCo<' 
76SC07 

35 
11'SZC07 

SPACE REQUIRED TO COMPILE -- BINARYF 
32600 

BINARYF 

FEXP 
SS 
ilS 
YPIlE 

ZS 

6C03 BLOCI(4 -
3126C07 BLOCI(9 -

OC05 I 
OC02 STRAIN -

166C02 Y 
2741C07 

312 .. C04 
5CIO 

34 
765C04 

OC01' 

RUNW vERSION FE~ 14 16.51.06. Z3 JUL 15 

10 
10 
10 
10 
10 
10 
10 
10 
IQ 
10 
10 
10 
10 
11 
13 
I" 
ZI 
23 
26 
27 
30 
31 

35 
36 
37 
40 
S4 
60 

62 
64 
67 
10 
14 

101 
10l 
105 
110 
113 
115 
121 

OFB~~F 

C 
C 
C 
C 
C 
C 
C 

C 

10 
C 
C 
C 

C 
C 
C 

SUBROUT INE OWBARF IF .BONOL.STRMAX. Z.OEL Ul) 

THIS SUSROUTINE SOLVES FOR THE STRESS IN THE STEEL AT THE CRAC 
ANO BETWEEN CRACKS. IT IS USED IN THE CASE Of DEfORMED BARS S 
THE OEVE30PMENT LENGTH CRITERIA OR BOUNOARY CONDITION IS IMPOS 
IN THE SOLUTION OF THE BASIC EQUATIONS, ............................................................•..... 

DIMENSION F(SOII.SUM(SOII 
COMMON IBLOCKII RATIO.THICK.P.fF.STRAINC.ES.NTPl.U.OIA.UNWT 
COMMON ISLOCZZI SSISOII.AAA.WSI50\I.MAXITE.CRACKW 
COMMON IBLOCK31 XBAR.STRSC.SlRS8.STRC.IBABY.ITEB 
COMMON 18LOCk41 ALI5011.STRAINI5011.CONSTRISOll.STRESSS!5011 
COMMON IBLOCK51 fEXPI101.YEXP1IOI.FRICMUL.NT.fU.IFY 
COMMON IBLOC261 ALPHAC.ALPHAS.EC.FPC,TIME.EP.TOL.IIYPER 
COMMON IBLOC2BI YI5011.REff(501,.YPI5011.H.ICLOSEB.YPITEISOll 
COMMON IBLOC271 5IGMASC.SIGMAS8.NA.NAPI.E.A.S.DENO.NAPZ 
COMMON IBLOC2!41 IFINISH 
INTEGE~ AU 
REAL L 

ICL6SEBzO 
A=A3lNTPI)-BONDL 

If {~.lE.O.J GO TO 30 
NhA/H.l·EP 
(zA-ALINA! 

If INA.GT.NT) GO TO SO 
NAPlzNA'1 
NAP2-NA'Z 
NAMI-NA-l 
DEN6_THICK*IP'I,/RATIO! 
SL01'E ( II f( II 1 DENO 
~UMI·O. 
SUM2·0. 

00 10 I=I.NAMI 
SUMI=SUMI'(2*NA-(2,*I'I»*(-FIII/OENOJ 
SUMZ=SUM2·I-FIIJ/DENOI 

CONTINUE 

OEfIN( CONSTANTS 

SS-W (NAP I JlOENO 
BONDCON=OIA/(4.*UJ 
ANA=NA 
CI=I.·I./!RATIO*P) 
CZ=EC*IZ'DELTAT*IALPHAC-ALPHASII/P 
ClsfF 1 IP*THICI( J 
C4sC2-Cl 
C5=H*SU)ofZ'S*E 
C6.H*,.*SUH 112. 
C7: (ANA ... 1.)· ... 
CS=H*SUM2*E·S*E*EIZ. 
C9=-C4/CI-C5 

OEflNE QUADRATIC EQUATION CONSTANTS 
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124 
130 
135 

C 
152 
156 

C 
157 
165 
173 
201 
202 
205 
211 

211 
213 
220 
223 
225 
230 
230 

C 
C 
C 

230 
237 
245 
252 

C 
255 
260 
265 
270 
271 
271 
271 
303 
303 
311 
315 
315 
327 
333 
333 
343 
347 
347 
355 
355 
365 
365 

365 

OFBARF 

AA=BONOCON"II.-I./tCI·CIII/2. 
BB=IC7.EI/C\-BONOCON°C9/CI 

CC=KALPHAS"ALtNTPII"OELTAT"ES-C4"IC7-EI/CI'C6-Ce-BONOCON"C9"C9/2. 

OELTA=BB*SS-4."AA"CC 
IF IOELTA.LT.O.1 GO TO 60 

ROOTI=I-SS·SQRTIOELTAII/12."AAI 
ROOT2=I-BB-SORTIOELTAII/12,"AAI 

I, IROOT2.GT .0.1 GO TO 40 
5IGMASC=ROOTI 
SIGMASS=tSIGMASC-C41/CI 
BONOLC=(SIGMASC-ISIGMASB'C511"BONOCON 

201 fORMATIIOx."SONOLC = ".EI0.3.1.lox"SIG"ASC = ',EIO.3.1 
I 10X."SIGMASB = ·.EI0.3.1.IOx.*C5 = •• EI0.3,1 
2 10X"SONOCON = ·.EI0.3.111 

OUM'IBONOLC-BONOLI/BONDLC 
IF IABSIDUI41.LE. TOll ICLOSES.I 
I, (ICLOSEB.EO.II ITEB=O 

I TES· ITEB-I 
IF ![TEB.xT.MAXIT[1 GO TO 20 

BONOL'BONOLC 
20Z FORMATIIOx,'BONOL IN OFBARf ",EI0.3.lll 

COMPUTE AREAS FOR SUMMATION CHECK 

AI=H"I 12.*ANA-2.1·SIGMASB.H"SUMI 1/2. 
A2=SIGMASB"E·H·SUMZO[·S·E·E/2. 
A3=ISIGMASB·CS.SIGMASCI-BONOL/2. 
AAAA"A I-A2-A3 

OUM2=ALPHAS*ALINTPII'OELTAT-ES 
IF IABSIAAAA-OUM21.GT.I.E-Sl GO TO 70 

CALL POIRES (f.BONOL,STRMAX.LOCMAX.Z.OELTAT, 
RETURN 

20 CONTINUE 
PRI NT 90. ITEB 

GO TO 80 
30 CONTINUE 

PRINT 100. A 
GO TO 80 

40 CONTINUE 
PRINT 110, OELTA.ROOTI,ROOT2 

GO TO 80 
SO CONTINUE 

PRINT IZO. NA.NT 
GO TO 110 

60 CONTINUE 
PRINT 130. DELTA 

70 CONTINUE 
PRINT 140. OUMZ.AAAA 

80 CONT INUE , 
90 fORMAT III. lOX." SOLUTION 010 NOT CLOSE BY ITERATING ON BONO 0. 

I 'LENGTH IN SUBROUTINE OfBARF'.I.IOX,-PROGRAM IS TERMINATED'. 
2 I.IOX," ITE8=",151 

100 fORMAT III.IOX.·ERROR IS OETECTEO IN OFBAR",I, 

RUN. ~ERSION fES 74 16.51.06. 23 JUL 75 

I lox,-A IS NEGATIVE ANO=*.EI0.3' 
365 110 fOR~AT tll.lox."OELTA=.,EIO.3,/, 

I IOX,-ROOTI=*,EI0.3./, 
2 lOX.*ROOTZ= •• EIO.J.I. 
3 10X.- ERROR IS OETECTEO IN SUBROUTINE OfBARF.ROOT2 IS POS.-) 

365 IZO FOR~AT I/.ZOX.' ERROR IS DETECTED ',/, 
1 lOx.· NA = -.IS.IOX,- NT ~ -.[5, 

365 130 FORMAT 1/,lox.-ERROR IS OETECTEO',I, 
I IOX.- OELTA IS NEGATI~E ANO=',EIO.31 

365 140 FORMAT II, lOX.' ERROR IS OETECTEo IN SUBROUTINE OfBARF*,I. 
I IOx.- OUM2 IS NOT EOUAL TO AAAA.,/, 
2 IOX,- OUM2=-.EJO.3,SX.* AAAA=*,[10.)) 

365 END 

OFBARF 



RUNW VERSION FEB 74 16.51.06. Z3 JUl 75 

SUBPROGRAM lENGTH 
1613 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
ZO Z71 30 303 
60 347 70 355 
100 443 110 456 
140 541 ZOI 373 

EXTERNALS AND TAGS 
SQRT 500100 POIRES - SOOZOO 

BLOCK NAMES ANO lENGTHS 
BlDCKI - IZCOI BlOCKZ - I 755COZ 
BLOCKS - 30C05 BlOCK6 - IOC06 
BlOCKI4- ICll 

VARIABLE ASSIGNMENTS 
A 5CIO loA 1575 
Al OC04 AlPHAC - OC06 
Al 1605 AZ 1606 
BONOCON- 156Z BONDlC - 1603 
CI 1564 CZ 1565 
C5 1570 C6 1571 
C9 1574 DELTA 1600 
DUM 1604 DUMZ 1611 
EP 5C06 ES 5COI 
H Z737C07 I 1561 
l 1555 lOCMAX - 161Z 
NAMl 1556 NAPI 3CIO 
NTPI 6COI P ZCOI 
ROOTI 1601 RODTZ 160Z 
SIG"ASC- OCIO SS OCOZ 
SU" 570 SU"I 1557 
TOl 6C06 U 7COI 
YEXP IZC05 YP 175ZC07 

START OF CONSTANTS 
366 

START OF TEMPORARIES 
56Z 

START OF INOIRECTS 
570 

START OF VARIABLES 
570 

SPACE REQUIREO TO COMPilE -- OF BARF 
34600 

DFBARF 

40 315 50 
80 365 90 
IZO 511 130 
ZOZ 414 

OUTPTC - 500300 ENO 

BlOCK3 - 6C03 BlOCK4 -
BLOCKS - 37Z6C07 BlOCK7 -

AAA 765COZ AAAA 
ALPHAS - IC06 ANA 
A3 1607 BB 
CC 1571 CONSTR -
CJ 1566 C4 
C7 157Z CB 
OENO 7CIO OIA 
E 4CIO EC 
F[XP OC05 FF 
IClOSEB- Z14OC07 ITEB 
MAXITE - 1753COZ NA 
NAPZ 10CIO NT 
RATIO OCOI R[FF 
S 6CIO SIGIIASB-
STRAIN - 765C04 STRESSS-
SU"Z 1560 THICK 
liS 766COZ Y 
YPITE Z14IC07 

333 
4Z3 
5Z5 

500400 

37Z4C04 
llCIO 

1610 
1563 
1576 
175ZC04 
1567 
1573 

10COI 
ZC06 
3COI 
5C03 
ZCIO 

Z5C05 
765C07 

ICIO 
Z737C04 

ICOI 
OC07 

RUNII VERSION FEB 74 16.51.06. Z3 JUl 75 

C 
C 
C 
C 
C 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 

II 
C 
C 
C 

17 
Z4 
Z7 
33 
36 
40 
45 
53 
57 

C 
C 
C 
C 
C 

61 
67 
71 
75 

101 
103 
III 
115 

C 
C 

IZI 
IZ5 
130 
13Z 
135 
14Z 
ISO 
156 
161 

OFBA~ 

SUBROUTINE OWBAR IBONOl.STR"AX.Z.DElTATl 

THIS SUBROUTINE COMPUTES THE STRESSES AND STRAINS IN THE CONCRETE 
STEEL DUE TO A TEMPERATURE OROP AND/OR SHRINKAGE • 
THE EQUATIONS ARE IIRITTEN FOR A FRICTIONLESS SYSTE" 

CO""ON IBlOCKII RATIO.THICK.P.FF.STRAINC.ES.NTPI.U.OIA.UNIIT 
CO""ON IBlOCKZI SSI5011.AAA.IISI5011."AXITE.CRACKIl 
CO""ON IBlOCZ31 XBAR.STRSC.STRSB.STRC.IBABY.ITEB 
CO""ON IBlOCK41 AlI5011.STRAINC5011.CONSTRI5011.STRESSSI5011 
CO""ON IBlOCK51 FEXPCI01.YEXPII01.FRIC"Ul.NT.FU.IFY 
CO""ON IBlOCZ61 AlPHAC.AlPHAS.EC.FPC.TI"E.EP.TOl.ITYPER 

CO""ON IAlOTKC/STRSCI15011.STRSSI15011.INC.FRF.FY.l 
CO""ON IBlOCZ81 YC5011.REFFI5011.YPI501,.H.IClOSEB.YPITEC5011 
CO""ON IBlOCZOI STRSCZI5011.DIST 
INTEGER AAA 
REAL l.lZ 
lZ=l -Z. 

IF IZ.lT.O.OR.OElTAT.LT.O.l GO TO 40 

CO"PUTE CONSTANTS 

ClsIRATI0-P1/II.·RATI0-PI 
CZ.IES-Z1/II.·RATI0-Pl 
C3,CI.-CI'-0IA/C4.-UI 
C4aCZ-OIA/t4.-U) 
AhC3-CI-C3 
BB=lZ-CI-CI-C4'CZ-C3'C4 
DDc-ES-lZ-DElTAT-AlPHAS-lZ-CZ.CZ-C4 
DElTA=BB-BB-4.-AA-DD 

IF CDElTA.lT.O.l GO TO 90 

STRSC= STRESS IN THE STEEL AT THE CRACK 
STRSB= STRESS IN THE STEEL BETIIEEN CRACKS 
STRC= STRESS IN CONCRETE 

STRSC=C-BB·CDElTA--0.511/CZ.-AAl 
STRSB=CI-STRSC-CZ 
STRT·STRSB/RATIO·EC-Z 
B"CSTRSC-STRSB1-DIA/C4.0-Ul 

IF CR.lE.O.l GO TO 30 
CHE=ClZ-Z.-Bl-STRSB·ISTRSC·ST~SBI-B 
CHETK=CHE-ES-lZ-DElTAT-AlPHAS 

IF IAB~CCHECKI.GT.I.E-Zl GO TO 70 

CHECKING THE SOLUTION RY SOLVING FOR CONCRETE STRESS FIRST 
CII=0IA/C4.-U-P-PI 
CIZ=Z.-lZ-RATIOIZ. 
CI3=Z.-lZ-ES-ZIZ. 
CI4=Z.-AlPHAS-lZ-ES-OElTAT/Z. 
OEl=CIZ-CIZ·4.-CII-CCI3·CI41 
CONCRES=C-CIZ·SQRTIDElII/CZ.-Clll 
RZ=C-BB-SQRTCDElTAll/CZ.-AAl 
R4=CI-RZ-CZ 
R6=R4/RATIO'EC'Z 



RUNW VERSION FEB 74 16.51.06. l3 JUL 75 

167 
171 
In 
173 

201 

lOI 
203 
214 
223 

C 
C 
C 

C 
C 
C 
C 

C 

10 

20 

IF IRb.GT.o) GO TO 50 
IF IR2.GT.0) GO TO 50 

CONTINUE 
IF IABSISTRC-CONCRES).GT.I.E-7) GO TO 80 

END OF ASOVE CHECK 

CONTINUE 

COMPUTE AREA UNDER STEEL STRAIN DIAGRAM FOR THE ASSUMED 
FRICTION3ESS SYSTEM 

OUMI=L-S 
STRAREA=OUMI*STRSB/ES·(STRSS·STRSCI*S/ll.*ES) 

IF fASSISTRAREA-ALPHAS*OELTAT*L).GT.I.E-7) GO TO 100 
STRMAX=STRC 

l24 STRAINC=STRC/EC 
225 SONOL=S 
226 RETURN 
ll6 30 CONTINUE 
226 PRINT 140, S 
214 GO TO 110 
237 40 CONTINUE 
Zl7 PRINT ISO. l.OELTAT 
247 GO TO 110 
252 50 CONTINUE 
252 PRINT 160. R2.R4.R6 
l64 GO TO 110 
267 70 CONTINUE 
267 PRINT 120. P,OELTAT.Z.XBAR.STRSC.STRSB,STRC.EC.B 
315 PRINT 180. CHEC~ 
32l GO TO 110 
316 80 CONTINUE 
3Z6 PRINT IZO. P.OELTAT.Z.XBAR.STRSC.STRsa.ST~C.EC,B 
354 PRINT 190 
360 GO TO 110 
363 90 CONTINUE 
363 PRINT ZOO 

367 
367 
373 
401 
401 

401 

OFSAR 

C 
100 CONTINUE 

PRINT ZIO 
PRINT Z20. STRAREA 

110 CONTINUE 
IZO FORMAT (II.IOX.- PERCENT REINFORCEMENT .*.EI0.3.1. 

I 10X.- TEMPERATURE QROP '*.EI0.3.1. 
2 10A.-SHRINKAGE =*.EI0.3.1. 
3 10X.- CRACK SPACING .-.EI0.3.I, 
4 10X.- STEEL STRESS AT CRAC~ .-.EI0.3.I, 
5 10X.- STEEL STRESS BETWEEN CRACKS .-.EI0.3.1. 
6 10X.- CONCRETE STRESS .*.EI0.3,1. 
7 10X.-CONCRETE MODULUS .*.EIO.3,I, 
S IOX.* DEVELOPMENT LENGTH '*,EI0.3.11) 

140 FORMATIII.IOX.-ERROR IS DETECTED IN SUBROUTINE OFBAR*.I, 
I 10x.-SbNO LENGTH IS NEGATIVE AND.-.EI0.3,/. 
2 10X.-PROGRAM IS TERMINATED-) 

RUNW vERSIO~ 'Ea 74 16.51.06. l3 JUL 75 

401 150 

401 160 

401 180 

401 190 
401 lOO 
401 llO 

401 220 

401 

FORMAT III,IOX,* ERROR IS DETECTED I~ SUBROUTINE TEMPSHR *, 
1 lOX.- Z = ·,EIO.3.1. 
l 10X.* OELTAT = *.EI0.3) 

FORMAT III.IOX,*ERROR IS DETECTED IN SUBROUTINE TEMPSHR " 
I lOX," STEEL STRESS AT CRACK '*,EIO.3,1. 
2 lOX." STEEL STRESS BETWEE~ CRACK .*.EIO.3.1. 
3 lOX." CONCRETE STRESS '*,EIO.31 

fORMAT 1/11. lOX." ROOTS 00 NOT SATISFY EQUATION I *,1, lOX. 
I " CHECK= ", E10.31 

FORMAT [II. lOX,· SOLUTION ONE DOES NOT MATCH SOLVTJO~ TWO ") 
FORMAT 1111.30X."OELTA IS NEGATIVEo) 
fORMAT I/.IOX.·SOMETHING IS WRONG, THE AREA UNDER STEEL STRAIN 01 

lAGRAM IS NOT EQUAL TO ALPHAS X OELTAT X XBAR I 2*.1) 
FORMAT III.IOX.* AREA UNDER STEEL STRAJN DIAGRAM .OR FRICTIONLESS 

ISLAS. *.EIO.3.11) 
END 



RUNW vERSION FEB 7~ 16.51.06. 23 JUL 75 

SUBPROGR," LtNGTH 
113 

rUNCTION ASSIGN~ENTS 

S TATEM"NT ASSIGNMENTS 
10 I7J 20 20 I 30 
SO 252 70 261 80 
100 367 110 ~Ol IlO 
ISO 530 160 551 180 
200 623 210 627 220 

EUER .. ALS AND TAGS 
RBARE~ ~ SOO100 SQRT 500100 OUTPTC -

BLOCK NAMES AND LENGTHS 
BLOCK I • 12COI BLOCI(2 - I 155COl! BLOCKJ -
BLOCI(5 - 30COS BLOCK6 • IOC06 BLOCKe -
BLOCKO • 766CII 

VAR IABLE ASSIGNMENTS 
AA 611 AlA 765e02 AL 
8 615 88 672 CHE 
CONCRES- 70S CONSTI! • 17S2CO~ CI 
CI2 701 CD 102 CI4 
C3 667 C4 670 00 
DELTA 6H OIA 10COI DUMI 
ES 5eOI FOP OC05 L 
P 2eOl RATIO oeol REH 
Rit 101 R6 710 SS 
STRAI .. e- 4eOl STRAREA~ 112 STRe 
STRSI' 2C03 STRSC le03 STRsel ~ 
STR5S1 ~ 165COl U 7(01 liS 
Y OCIO YExp 12C05 YP 

START OF CONSU .. TS 
~O2 

START OF TEMPORARIES 
65~ 

START 01' I .. OIRECTS 
6610 

STAIIT OF VARIABLES 
6610 

SPACE REOUIREO TO COMPILE -- orBAR 
310700 

aFBAR 

226 400 237 
316 90 363 
"13 '''0 506 
603 190 61~ 

6"" 

500300 E .. O SOO .. OO 

6C03 8LOCK" • 3724CO" 
1156e01 BLoeK8 - l726CIO 

OCO. ALPHAS • le06 
676 CHECK 617 
665 CII 700 
70l CZ 666 
(1) DEL 70 .. 
Til EC 2C06 

I 755C07 L2 6640 
165CI0 R2 706 

OC02 STRAIN· 165C04 
le03 STRESSS- 2737eo .. 
oe01 STRSC2 • OCll 

166e02 XBAR OC03 
11S2CI0 YPI TE 27~IC10 

RUNII VERSION FEB 74 16.51.06. 23 JUL 75 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

10 
10 
10 
IZ 
h 10 
110 

" 17 
20 20 
20 
22 
23 30 
23 
25 
26 
21 40 
21 
31 
3Z 
34 
35 50 
35 
104 
loS 

o~ •••••• o** ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
THIS SUBROUTINE SOLVES FOR THE POINT OF INT[RSECTION OF TWO S1 
LINES. WHERE ONE OF THE LIN[S IS V=~ • 
THIS VERSION OF THE PROGRAM JOINS 1HE NEW POINT TO T~E POINT 
0 .. THE OTHER SIDE Of THE V=~ LI .. E • •..•.•.••••.••••••.••.•••..••.••••....•...............•...•••..•.. 
PS~ AND PSY ARE STORED VALUES 
BtLOW THE EQUALITY LINE 
STX A .. O STy ARE STORED VALUES 
ABOVE THE EQUALITY LINE 

COMMON /BLOC~ll SSI5011.AAA •• SISOII."AXITE.C~ACKW 
COMMON IALOCK9/ STX.STV.Psx,PSv'ITE 

IF lin: .EO.,n GO TO III 
If 1~2-YZI "0 ... 0.20 

CONTINUE 
OIJM~Z=PSX"XI 
OUMV i!=PS Yo V I 

GO TO 30 
CONTINUE 

~U""i!=PSX 
QUMYi!'.PSY 

CONTINUE 
DUMX1~STb"i! 
OU~Yl'5ThVZ 

GO TO SO 
CONT I"UE 

OUMX1-SU 
I')UMyt.STY 
oIJHX2·PSI ... 2 
nUHYZ·PSY=YZ 

CONTINUE 
FOUT:fQUMXcoOUMVI-OUMXloOUMY21/'IDUMX2-0UMXI,-(DUMY2-0UMYIII 
RETUR~ 

END 



RUNW VERSION FEB 74 16.51.06. 23 JUL 75 

SUBPROGRAM LENGTH 
55 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 14 ZO 20 
50 35 

E_TERNALS ANO TAGS 
END SOOIOO 

BLOCK NAMES ANO LENGTHS 
BLOCKZ - 1755COI BLOCK9 - 5COZ 

ASS I GNMENTS 

30 

VARIABLE 
OUMU 
ITE 

53 DUM_Z 51 OUMn 

sa 
.. COZ PS_ 
OCOZ ST1 

START Of CONSTANTS 
46 

START Of TEMPORARIES 
46 

START OF INDIRECTS 
51 

START OF VARIABLES 
51 

SPACE REQUIRED TO COMPILE -- GETME 
3Z600 

GETME 

ZCOZ PS1 
IC02 liS 

23 40 

54 DUM1Z 
3COZ SS 

766COI 

Z7 

5Z 
OCOI 

RUNW VERSION FEB 7 .. 16.51.06. 23 JUL 75 

3 
3 
3 
3 
3 
3 
3 
3 
3 

3 .. 
6 
7 

II 10 
II 

C 
C 
C 

13 
14 
17 
Z3 
Z7 
33 20 
33 30 
36 
36 .. 0 

C 
C 
C 

36 
C 

.. 0 
43 
5Z 
5Z 50 
5Z 
61 60 
61 
66 
71 
75 70 
75 80 

100 
100 90 

C 
100 
10Z 
103 
110 100 
113 
115 
116 

F~IC 

SUBROUTINE FRIC IF. 
DIMENSION F1501. 
COMMON IBLOCKII RATIO,THICK,P,FF,STRAINC,ES,NTPI,U,DIA,UNWT 
COMMON IBLOCKZI SSI501.,AAA,.SI501.,MAXITE,CRACKW 
COMMON IBLOC231 XBAR,STRSC,STRSB,STRC,IBAB1,ITEB 
COMMON IBLOCK4! ALI501).STRAINI501),CONSTRI501),STRESSSI501) 
COMMON IBLOCK51 FEXPIIO.,1EXPIIO),FRICMUL,NT,FU,IF1 
COMMON IBLOCK61 ALPHAC,ALPHAS,EC,FPC,TIME,EP,TOL,IT1PER 
COMMON IBLOC281 11501',REFFI501.,1PI501),H,ICLOSE8,1PITEI501) 
INTEGER AAA 

~nOND=O, 

IF IIF1.EQ.ll GO TO 10 
IF IIF1,EQ.Z) GO TO 40 
IF Iln.GT.Z) GO TO 90 

CONTINUE 
SL07E=FRICMUL 

COMPUTE FRICTION FORCES F~OM STRAIT LINE GRAPH 

DO 30 I=I,NTPI 
Fe I ) =11 I' "SLOPE 

IF IAB5IFII)).LE,FU) GO TO ZO 
IF IFII),GT.O.O) FII).FU 
IF IFII),LT.O,O) FII)·-FU 

CONTINUE 
CONTINUE 

GO TO 1 .. 0 
CONTINUE 

COMPUTE FRICTION FORCES FROM PARABOLA 

DO 80 I.I,NTPI 

IF 1111) .Xl.O •• GO TO SO 
FII)·FRICMUL"SQRTIABSI111))) 

GO TO 60 
CONTINUE 

FII.=-FRICMUL"SQRTI111)) 
CONTINUE 

IF IABSIFII ••• LE.FU) GO TO 70 
IF IFII',GT.O.O' FI[).FU 
IF IFII),LT.O.O' FI[).-FU 

CONTINUE 
CONT INUE 

GO TO 1 .. 0 
CONTINUE 
COMPUTE FRICTION FORCES FRO~ INPUT POINT CURvE 
DO 130 I=I,NTPI 
DO 100 J=I,IW1 

IF IABSI111)).LT.ABSI1EXPIJ))) GO TO 110 
CONTINUE 

BE10ND=BE10NO·I. 
FII)=FEXPlln. 

GO TO IZO 



RUNW VERSION fEB 74 16.51.06. 23 JUL 75 

117 110 
117 
126 
137 120 
137 
14J 130 

C 
C 
C 

146 140 
146 
156 
157 
161 
170 150 
173 
175 
203 
204 190 

204 200 
l04 

fRIC 

CONTINUE 

CONTINUE 

DUMDUM=I,EXPIJI-fEXPIJ-III/IABSIYEXPIJII-ABSIYEXPIJ-11II 
flll=fEXPIJ-II·OUMDUM"IABSIYIIII-ABSIYEXPIJ-1111 

If IYIII.GT.O.OI fllI=-fllI 
CONTINU[ 

COMPUTE THE TOTAL fRICTION fORCE 

CONTINUE 
If IBEYOND.GT.O.I PRINT 19~, AEYOND 

ff=O 
DO 150 1=I,NT,2 

FF-ff·tfC])·4.0fCl·1J·fC]·Z)-H/3. 
CONTINUE 

If ILONG7R.NE.1001 RETURN 
PRINT 200, ,w 
RETURN 
fORMAT (//,IOX,"IN COMPUTING THE fRICTION fORCES fRO~ MOVEMENTS",/ 

I, 10X"5.0." POINTS EXCEEDED THE MAX MOV ON f-Y CURVE"I 
fORMAT 1/,10X," TOTAL fRICTION 'ORCE fROM fRIC =",EI0.31 
END 

RUNW VERSION fEB 74 16.51.06. 23 JUL 75 

SUBPROGRAM LENGTH 
245 

fUNCTION ASSIGNMENTS 

STATEMENT 
10 
50 
90 
140 

ASSIGNMENTS 
II 20 
52 60 

100 110 
146 190 

EXTERNALS AND TAGS 
SORT 500100 OUTPTC -

BLOCK NAMES AND LENGTHS 
BLOCK I - 12CO I BLOCK2 -
BLOCK5 - 30C05 BLOCK6 -

VARIABLE 
AAA 
DUMDUM -
fU 
J 
REff 
STRESSS­
YP 

ASSIGNMENTS 
765C02 AL 
243 fEXP 

26C05 H 
242 LONGPR-
765C07 SLOPE 

2737C04 WS 
1752C07 YPI TE 

START Of CONSTANTS 
205 

START Of TEMPORARIES 
2)4 

START Of INDIRECTS 
137 

START Of VARIABLES 
2)7 

33 
61 

117 
212 

500200 

30 
70 
120 
200 

END 

1755C02 BLOCK) -
IOC06 BLDCK8 -

OC04 BEYOND -
OC05 ff 

2737C07 I 
244 NT 
240 55 
766C02 Y 

2741C07 

SPACE REOUIRED TO COMPILE -- fRIC 
3)500 

rRIC 

33 
75 

137 
227 

500)00 

6CO) 
3726C07 

237 
)COI 

241 
25C05 

OC02 
OC07 

40 
80 
130 

BLOCK4 -

CONSTR -
fRICMUL-
IfY 
NTPI 
STRAIN -
YEXP 

36 
75 

143 

3724C04 

1752C04 
24C05 
27C05 

6COI 
765C04 

12C05 



RUNW VERSION FES 14 16.51.06. Z3 JUL 75 

10 
10 
10 
10 
10 
10 
10 
10 
1O 
10 
10 

C 
C 
C 
C 
C 

10 
II 
14 
15 
ZZ 
Z4 
27 10 
27 
31 
3J 
J4 

C 
JS 

C 
C 
C 
C 
C 

41 
4Z 
43 
'.4 
60 
64 20 

C 
C 
C 

66 
71 
71 

101 
C 
C 
C 

104 

IZ6 
130 

DFIIIREF 

SUBROUTiNE OwWIREF IF.BONDL,STRMAX,Z,DELTATI 
DIMENSION FISOIl.SUM(SOll 
COMMON IBLOCZII RATIO.THICK,P.FF,STRAINC,ES.NTPI,U,DIA.UNWT 
COMMON IBLOCKZI SSISOl),AAA,WS(SOII.MAXITE.CRACKW 
COMMON IBLOCZJI XBAR.STRSC,STRSB.STRC.IBABY,ITEB 
COMMON IBLOCK41 ALISOII.STRAIN(50Il.CONSTRISOll.STRESSS(SOll 
COMMON IBLOCKSI FEXPIIOl,VEXPIIOl.FRICMUL,NT,FU,IFY 
COMMON IBLOCKOI ALPHAC.ALPHAS.EC.fPC.TIME.EP.TOL,ITYPER 
COMMON IBLOC27/ SIGMASC.SIGMASB.NA.NAPI.E,A.S.OENO.NAPZ 
COMMON ISLOC2S/ VI5011.REff(SOI1,VP(SOII.H.ICLOSEB.YP\TEISOII 
REAL L 
INTEGER AU 

COMPUTE THE STRAINS DUE TO FRICTION FORCES DEVELOPED 
DUE TO SLAB MOVEMENT 

EP=I.E-9 
A;AJ INTPI) -~ONDL 

IF (A.LE.O.l GO TO 50 
NA=A/H'I'EP 
["A-ALINAI 

IF (NA.GT.NT) GO TO 60 
CONTINUE 

NAPI=NA'I 
NAPZ.",A·Z 
NAMI=NII-I 
NAM2=NA-2 

COMPUTE THE SLOPE TO THE STEEL STR.IN DISTRIBUTION CURVE BY 
DEN6=THICKo IP·I./RATIOl 

DIVIDING THE FRICTION FORCE BY OENO AND CONSIDERING THE 
SIGN CONVENTION ADOPTED IN THIS STUDY 

ecc SLDPE'II • - fIll I DENO 
SUMI=O. 
5UM2,,0. 

00 20 1.ItNAMI 
SUMI·SUMI·(2°NA-IZ.ol·IIIO!-Flll/DENOl 
SUM2=SUM2·I-Flil/OENOI 

CONTINUE 

DEFINE CONSTANTS FOR SOLUTION OF EOU4TIONS 

CI.I.·I./IP·RATIOl 
C2·(IZ·DELTAT·(ALPHAC-ALPHASll·ECI/P 
C3'FF / (POTHICIO 
S=-fINAPII/D£NO 

SOLVE fOR STRESS IN STEEL BCTW£EN CRAC~S AND AT CRACK 

OUMI=ALPHAS.AL (NTPI I*DELTAT'ES-M.H'SUMI/2.-EoHoSUM2-S. E.E/Z.-(MO 
I SUM2·S*E'C2-(3)OSONDL/2. 

ANA=NA 
OUMZ=H·(2.·ANA-2.)/2 •• E·(1.·Cl)·BO~Ol)/2. 

RUNW VERSION FEB 74 1&.51.06. Z3 JUl 1S 

C 
140 
142 

C 
C 
C 
C 

145 
154 
161 
171 
174 
117 
201 

C 
C 
C 
C 
C 

205 
ZIO loa 
210 
211 50 
211 
211 
223 60 
223 
233 
231 70 
2J1 
255 80 
2S5 \30 

255 140 

255 150 

255 

OFWIREf 

SIGMASB=DUMI/DUM2 
SIGMASC=CI·SIGMASB.CZ-C3 

CHECK FOR THE SUMM4TION Of STEEL STRESSEs UNDER THE 
STEEL DUGR4M 

AI=(((Z.oANA-2.1*SIGMASB·H*SUMII*HI/2. 
A2=(2.*SIGMASB·2.0HoSUM2·S*EloE/Z. 
AJ·(SIGMASB·HoSUM2.soE·SIGMASCI·BONDL/2. 
OUilfl=Al-AZ*AJ 
DUMZ=ALPHAS*AL(NTPjl*OELTAT*ES 
DUM3=DUMI-DUMZ 

If (AB5IDUM3l.GT.I.E-41 GO TO 70 

COMPUTE TH£ STEEL AND CONCRETE STRAIN AT EVERY INCREMENT 
THE STRAIN IS COMPUTED IN THE BONDED AND UNBONDED SECTIONS 

CAll POIRES (F.BONDL.STRMAX.LOCMAX.Z.DELTATj 
CONTINUE 
RETURN 
CONIINUE 
PRINT 130. A 

GO TO 80 
CO NT INUE 
PRINT 140. NA.NT 

GO TO AO 
CONTINUE 
PRINT 150. SIGMASC.SIGMASS.OUMI.DUM2.DUM3 
CONTINUE 
FORMAT 111.10x •• ERROR IS DETECTED IN DfWIREF*.I. 

I 10X.·A IS NEGATIVE AND '·.EI0.31 
FORMAT 1/.20X.* ERROR IS DETECTED *,1. 

1 10~.· NA = -.IS.IOX.- NT = *,[5) 
fORMAT .11.20x • • ERROR IS DETECTED * .1. 

I lOX •• STEEL STRESS AT CRACK 
2 lOx. ° STEEL STRESS BETWEEN CRACKS 
J lOx. ° SUMMATION OF AI.AZ.ANO A3 
4 lax. ° ALPHA l OELTAT ES 
5 lOX. ° ABSOLUTE DifFERENCE 

END 

**.[10,.3.1. 
:;:·.[10.3,1, 
=*.£10.3.1, 
:-.[10.3./. 
l=r-.£lO.3) 



RUN. VERSION FEB 74 11>.51.01>. 23 JUL 75 

,UBPROGRAM LENGTH 
1374 

'UNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 27 40 
70 237 80 
150 313 

EXTE'lNALS ANO TAGS 
POIRES - SOOIOO OUTPTC -

BLOCK NAMES AND LENGTHS 
BLOCKI - 12COI BLoe~2 -
BLOCK5 - 30e05 BLoe~6 -

VARIABLE ASSIGNMENTS 
A 5C07 AU 
ALPHAS leal> ANA 
A3 1371 eONSTR -
C3 1363 O[NO 
DUM3 1372 [ 

ES 5eOI FE)(P 
I 1360 L 
NAMI 1354 NAM2 
NT 25C05 NTPI 
REFF 71>5el0 S 
SS oe02 STRAIN -
SUMI 13SI> SUM2 

oelo rEJIP 

START OF CONSTANTS 
ZS6 

START OF TEMPORARIES 
361 

START OF INOIRECTS 
366 

START OF VARIABLES 
31>6 

210 
255 

500200 

1755e02 
10COl> 

765C02 
1365 
1 752C04 

7e07 
4C07 
OC05 

1353 
1355 

l>eOI 
l>e07 

71>5C04 
1357 

12COS 

SPACE REQUIRED TO COMPilE -- OFWIREF 
34100 

OFWIREF 

50 
130 

END 

BLOC~3 -
BLOCK7 -

AL 
AI 
CI 
OU"I 
EC 
FF 
lOCMAJI -
NAPI 
P 
SIGMASB-
ST~ESSS-
THICK 
yp 

?Il 1>0 223 
264 140 277 

500300 

6e03 8LOC~4 - 3724e04 
IIC07 BLOCKS - 37Z6C10 

OC04 ALPHAC - OCOI> 
1367 A2 1370 
131>1 C2 1362 
131>4 OUM2 DI>I> 

2COl> EP 5COl> 
3eOI H 2737CI0 

1373 Nt. 2e07 
3C07 NAP2 10C07 
2eOI RATIO oeol 
le07 SIGMASC- oe07 

?737C04 SUM 366 
leol WS 766e02 

1752el0 YPI TE 2741CI0 

RUNW VERSION FEB 74 11>.51.06. 23 JUL 75 

c 
C 
C 
C 
C 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

e 
C 
c 

7 
13 
II> 

C 
C 

2Z 
Z6 
33 
4Z 

C 
C 
C 

43 
45 
46 
53 
54 
5S 
55 
73 

73 

suBROUTINE OWWIRE tBONOL,STRMAX'Z,DELT~T} 
~.o •••••••• o ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

THIS SUBROUTINE SOLVES ,OR THE STRESS IN THE STEEL AND 
CONCRETE FOR OEFORMEO WIRE F~BRle -NO FRICTION FORcr, 
ARE CONSIOEREO IN THE SOLUTION ...••...•••.•••.•..••......•••.••.......•...•...•....•........•.. 

COMMON /BLOCKI/ RATIO,THICK.P,FF,STRAINC.ES'NTPI.U'DIA.UN~T 
COMMON /BLOC22/ SStSOll,AAA,~SC501!'MAXITE.CRAC~W 
COMMON /BlOCK3/ X8AR.STRsc.STRSB,STRC.IBABY,ITEB 
COMMON /BlOCK4/ AlI501,.STRAINlSOII,CONSTRtSOI}.STRESSSC501! 
COMMON /BLOC~S/ FEXPIIOI,YEXPtIO,.FRICMUL.NT,FU.IFY 
COMMON /BlOC21>/ AlPHAC.ALPHAS,EC,FPC.TIME.EP,TOL.ITrPER 
COMMON /BlOC2D/ STRSC2!SOll.DIST 
COMMON /Bloe27/ SIGMASC,SIGMASB.NA,NAPI.E,A,S,DENO,NAPZ 
COMMON /BlOC28/ Y(501),REFFtS01'.YPISOII,H.ICLOSEB.YPITEISOI1 
REAL l 

OEF INE CONSTANTS 

CI-EC-Z·EC-DElTAT·CALPHAC-ALPHASI 
e2=AlPHAS-l-OElTAT-ES 
C3=80NDL/(2.-RATIO).P-L 

SOLVE FOR STRESSES 
STRC=tCI-P·L·CZ-P/RATIO,/C3 
STRSB-I-Cl-BONOl/Z.,P·C2,/C3 
STRSC-ICZ/RATI0·CI-Il-BONDL/2.I·P·C21/C3 
STRMA)(:STRe 

CHEC~ EQUILISRIUM - EQUATION 

DUMI=STRC·p·STRSB 
DUM2"P·STRSC 

IF (AB~CDUMI-O~2).GT.I.E-SI GO TO 10 
SRAINC=STRC/EC 

RETURN 
10 CONTINUE 

PRINT 20. STRC.STR~8,STRSC,DUMI'DUMZ 
20 FOR~AT !//.IOX,- [RROR IS DETECTED ",/, 

I 10X,- EQUILIBRIUM IS NOT SATlsrlEO -,/. 
2 lOX •• STRe = •• E10.).5~ •• STRS9 = .,E10.3.5x.· STRSC ;. 
) EIO.3./,lOl.· OUMl z ·,[10.3,5_,* OUM2 ~ .,EIO.3) 

END 



RUNW YERSION FEB 74 16.51.06. 2J JUL 75 

SUBPROGRAM LENXTH 
144 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 55 20 

EX TERNAL S ANO TAGS 
OUTPTC - SOOIOO END 

BLOCK NAMES AND LENGTHS 
BLOCK I - 12COI BLOCK2 -
BLOCK5 - JOC05 BLOCK6 -
BLOCKS - )726C11 

yARIABLE ASSIGNMENTS 
AL OC04 ALPHAC -
CI IJ6 C2 
OUM2 142 EC 
L lJ5 P 
SRAINC - 14J SS 
STRESSS- 27)7C04 STRSS 
wS 766C02 Y 
YPITE 2741CII 

START Of CONSTANTS 
74 

START Of TEMPORARIES 
133 

START Of INDIRECTS 
135 

START Of YARIABLES 
lJ5 

101 

S00200 

1755C02 
IOC06 

OC06 
lJ7 

2C06 
2COI 
OC02 
2CO) 
OCII 

SPACE REOUIRED TO COMPILE -- Of WIRE 
J3100 

Of WIRE 

BLOCKJ -
BLOCKO -

ALPHAS -
CJ 
ES 
RATIO 
STRAIN -
STRSC 
yup 

6COJ BLOCK4 - J724C04 
766C07 BLOCK7 - IICIO 

IC06 CONSTR - 1752C04 
140 DUMI 141 

5COI fE~P OC05 
OCOI REff 765CII 

76SC04 STRC JCOJ 
ICO) STRSC2 - OC07 

12C05 YP 1752CII 

RUNW YERSION fEB 74 16.51.06. 2) JUL 75 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

C 
II 
12 
13 
14 
15 
17 
2J 
25 
26 

27 
30 
36 
41 
46 
50 
53 
5" 
5" 10 
54 
62 
70 20 
13 
76 

101 
10J 
105 
107 
II" 
115 
124 
IZ6 
1 .. 2 
1"4 
147 
ISO 
150 JO 
150 
160 
171 
175 
177 

POI~E5 

SUBROUTI~E POIRES IF.~ONDL.STQ~A'.LOCMAX.Z.DELTATI 
DI~ENSION FISOII.SUMI5011 
COMMON IBLOCKII RATIO.THICK.P.Ff.STRAINC.ES.NTPI.U.OIA.UNWT 
COMMON IBLOC221 SSI5011.AAA •• SI5011.~A'ITE.CRACK~ 
COMMON IBLOCKJI XBAR.STRSC.STRSB.STRC.IBABY.ITE~ 
COMMON IBLOCK41 ALI5011.STRAINI5011.CONSTRI5011.STRESSSI5011 
COMMON IBLOCK51 fE~PIIOI.YE~PIIOI.fRICMUL.NT.fU.lfY 
COMMON IBLOC261 ALPHAC.ALPHAS.EC.fPC,TIME.EP.TOL.ITYPER 
COMMON IBLOCK71 SIGMASC.SIGMASB.NA.NAPI.E.A.S.0~NO.NAP2 
COMMON IBLOC281 Y 150 I I .REff 150 I I" YP I 50 I I. H. ICLOSES .YP ITE 150 II 
INTEGER AU 
REAL L 

II=NAP2 
SU"3=0. 
5U,",4=O. 
STRESSSIII,SIGMASB 
SSIII=STPESSSIII/ES 
SIRAINIIlaSSIII'Z'OELTAT"IALPHAC-ALPHASI 
CONSTRIII:STRAINIII"EC 
LOCMA~al 
STRMA~aCOHSTRIII 

00 20 I=Z.NA 
STRESSSIIJ-STRESSSII-II.H"I-fIIJ/OENOJ 
SSllloSTRESSSllJ/ES 
STRAIHIIJ·SSIIJ·Z,OELTAT"IALPHAC-ALPHASJ 
CONSTRIIJaSTRAINIII"EC 

If ICONSTRtIJ.LT.STRMA~J GO TO 10 
STR"A~_CONSTRIIJ 

CONTINUE 

CONTINUE 

LOCMUol 

SU"JaSU"J·ISSIIJ.SSII-IJJ"H/2. 
SUM4.SUM ... ISTRESSSIIJ,STRESSSII-III"H/2. 

AOOloSTRESSSINAI·SOE 
AOOIAR o ISTRESSSINAJ.AOOII"E/2. 
SUM3=SUM3.IAOOIARI/ES 
SUM4=SUM4·AOOUR 
SL07E2-ISI(~ASC-AODIJ/BONDL 
ADDIC-ADOI/ES'Z'OELTAT"IALPHAC-ALPHASJ 
SL07ECC=-ADDI/BONDL 
STRESSSI~APII=ADDI.IALINAPII-AI"SLOPE2 
SSINAPIJaSTRESSSINAPIl/ES 

STRAININAPIJ.ADDIC-fINAPlloH/ITHICKOECJ-ISTRESSSINAPIJ-AOOIJ"P/EC 
CONSTRINAPIJ=STRAININAPIJoEC 

If ICONSTRINAPI I .LT.STRMUJ GO TO JO 
STRMA~=CONSTRIHAPII 

LOCMUoNAPI 
(UNT INUE 

SUM4=SUM4'ISTRESS~INAPII·AOOlloIALINAPII-AI/2. 
SUMJ.SUMJ.ISTRESSSINAPII·AODIloIALINAPII-AI/12."ESI 

If INA.EO.NTI II=NAPI 
DO 50 1=II.NTPI 

STRESSSllloAOOI'IALIII-AI"SLOPE2 



RUNW VERSION rEB 74 16.51.06. 23 JUL 75 

205 
210 

224 
227 
231 
232 
233 
233 
241 
247 
251 
252 

POI RES 

SSII)=STRESSSII)/ES 
STRAINI!J.STRAINII-I)-rII)'H/ITH!CK'ECI-ISTR(SSSIII-STRESSS!!-I»' 

I P/EC 
CONSTRIII=STRAINIII'EC 

IF (CONSTRI!).LT.STRMA.) GO TO 40 
STR~AX=CONSTR!IJ 

40 CONTINUE 

SO CONTINUE 
RETURN 
END 

LOCMAX.! 

5UM3=SUM3·(SSIIJ·SS(I-I»·H/2. 
SUM4=SUM4.ISTRESSSIII,STRESSSII-IJJ·H/2. 

RUNW VERSION rEB 74 16.51.06. 23 JUL 75 

SUBPROGRA~ LENGTH 
1;>67 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
10 54 30 

EXTERNALS AND TAGS 
END SOOIOO 

BLOCK NAMES AND LENGTHS 
BLOCK I - 12eOI BLoeK2 -
BLOCKS - 30C05 BLOCK6 -

VARIABLE 
A 
ADDIC 
eONSTR -
ES 
It 
NAP2 
RErr 
SLopEee­
STRESSS­
THICK 
VI' 

START or 
253 

START or 
255 

STAIH or 
264 

START or 
270 

ASSIGNMENTS 
se07 AAA 

1265 AL 
17S2e04 OENO 

seol rHP 
1256 L 

loe07 NT 
765el0 s 

1266 SLOPE2 -
2737e04 SUM 

leol WS 
1752el0 VPITE 

CONSTANTS 

TEMPORARIES 

INOIREeTS 

VAlUABLES 

150 

I 755C02 
IOC06 

765C02 
oe04 
7C07 
OC05 

1255 
25C05 

6C07 
1264 
270 
766C02 

2741CIO 

SPACE REOUIREO TO COMPILE -- POIRES 
34000 

POIR,s 

40 233 

BLOCK3 - 6C03 BloeK4 - 3724C04 
BLoeK7 - lIe07 BLOCKS - 3726CI0 

AOOI 1262 ADD I Al'1 - 1263 
ALpHAC - OC06 ALPHAS - IC06 
E 4C07 EC 2C06 
H 2737C10 I 1261 
NA 2e07 NAI'l 3e07 
NTPI 6eOl I' 2eOl 
SIGMASB- IC07 SIG,.ASC- oe07 
SS OC02 STRAIN· 765C04 
SUM) 1257 SUM4 1260 
V OCIO VEXP 12C05 



RUNW VERSION fEB 7~ 16.51.06. 23 JUL 75 

C 
C 
C 
C 

1 
10 
12 
1" 
15 
20 
20 
21 

C 
23 
24 
33 
35 
.. 0 
.. 1 .... 
~ .. 

SIMPSPE 

10 

20 

SUBROUTINE SIMPSPE IY,N,H,SUMI 
OIMENSION YINI.SUMINI 

THIS SUBROUTINE COMPUTES THE AREA UNDER A DISTRIBUTION USING 
SIMPSONS RULE WITH ~ SPECIAL MODifiCATION 

DO 10 1=1.101 

CONTINUE 
~UM(JI"'O. 

SUM I 11 =0. 
Al=(Y(1)·YI21)OH/2. 
AOLD=Al 
SUMI21=AOLD 
NMl=N-l 

00 20 1=2.NMl 

CONTINUE 
RETuRN 
END 

AS=IYII-l)· ... ·YIII.YII·III·H/3 
A"AS-AOLD 
SUM(I'll=SUMllj'A 
AOLD"A 

RUNW VERSION FE8 74 16.51.06. 23 JUL 75 

SUBPROGRAM LENG7H 
57 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMEN7S 

EXTERNALS AND TAGS 
END 500100 

BLOCK NAMES AND LENGTHS 

VARIABLE ASSIGNMENTS 
A 56 
I 51 

START Of CONSTANTS 
"5 

START OF TEMPOI'UR IES 
41 

START OF INDIRECTS 
51 

S7ART OF VARIABLES 
51 

AOLD 
NMI 

53 
5" 

SPACE REQUIRED TO COMPILE -- SIMPSPE 
32500 

AS 55 AI 52 



RUNW VERSION FE~ 74 16.51.06. 23 JUL 75 

3 
:I 
3 
:I 
3 
3 
3 
3 
3 
3 

3 
S 
7 

10 
12 
15 
16 
20 
24 
24 
27 
31 
32 

STRGENE 

c 
C 
C 
C 
C 

C 

C 

SUBROUTINE STRGENE (BONOLI .................................................................. 
THIS SUBROUTINE GENERATES THE STR.IN IN THE CONCRETE AT 
EvERY ST.TION IN THE FRICTIONLESS SL.B • 
RESULTS OF SUBROUTINE TEMPSHR .RE USED -I NO FRICTION I ••..•.......•••••.....•.•••••.....•.........•••...•.•••.•••..•...• 

COMMON IBLOCKII RATIO.THIC~.P,FF,STR.INC,ES,NTP1.U'DI •• UNWT 
COMMON IBLOC221 SS!5011 ••• A.WS(SOI).M.XITE,CRACKW 
COMMON IBLOCK31 XBAR.STPSC.STRSB.STRC.IBABY.ITEB 
COMMON IBLOCK41 .LIS01).STR.INC5011.CONSTRI5011.STRESSS(SOI1 
COMMON IBLOCKSI fEXPCIOI,VEXP(10J,fRICMUL.NT.fU.!fV 
COMMON IBLOC261 AlPHAC.ALPH.S.EC.FPC,TIME.EP.TOL.ITVPER 
COMMON IBLoe2BI VISOI).REfFIS01),VP(SOI).H,IClOSEB.VPITEISOIJ 
COMMON IBLOC2el STRSCICSOI).STRSSIISOII.INC.fRf,FV.L 
INTEGER A.A 
REAL L 

A=L-BONOL 
HH:-H 

DO 20 1=IoNTPI 

STRAINCII=STRAINC 
AL I I) =HH'H 
HH:AL (I) 

If IAl C I) ,lE •• ' GO TO 10 
STR.INII)=STRAINC-STR.INC"I.L(II-AI/BONOl 

10 CONTINUf 

20 CONTINUE 
RETURN 
END 

CONSTRlll=STR·INIII*EC 

RUNW VERSION FEB 74 16.51.06. 23 JUl 75 

SUBPROGRAM LENGTH 
37 

fUNCTION .SSIGNMENTS 

ST.TE~ENT ASSIGNMENTS 
10 Z4 

EXTERN.lS AND T.GS 
END 500100 

BLOCK NAMES .NO LENGTHS 
BlOCKI - 12COI BLOC~2 -
BLOC~5 - 30C05 BLOCK6 • 

V.RI.BLE 
• 
EC 
1 
55 
STRSCI • 
VEXP 

ASSIGNMENTS 
34 A •• 

2C06 fEXP 
36 L 

OC02 STlUIN -
OC10 STRSSI -

IZCOS VP 

ST.RT OF CONSTANTS 
33 

ST.RT OF TEMPOR.RIES 
33 

ST.RT OF INDIRECTS 
34 

START OF V.RIABLES 
34 

1155C02 
IOC06 

765C02 
OC05 

)755CIO 
765C04 
765CIO 

1752C07 

SP.CE REQUIRED TO COMPILE -- STRGEN£ 
32700 

STRGENt 

BLOCK3 - 6C03 BLOCK4 - 3724C04 
BLOCKS - 3726C07 BlOCKC - 1756Cl0 

Al OC04 CONSTIl - 1752C04 
H 2737C07 HH 35 
NTPI 6COI REFf 765C07 
STRAINC- 4COI STRESSS- 2737C04 
liS 766C02 V OC07 
VPrTE 2741C07 



RUNW VERSION FEB 74 16.51.06. 23 JUL 75 

C 
C 
C 
C 
C 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

C 
C 

6 
10 
II 
15 
20 
27 
H 
35 
42 
44 
44 
47 10 
51 
57 
62 20 
62 
67 
73 
73 30 

C 
C 
C 
C 

73 
~ 
~ 

100 40 
103 
110 
113 50 

C 
C 
C 

113 
120 

BACKTIM 

SUBROUTINE BACKTI~ ITENSTRN,ZTOT,ZI 
•••••• 0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

THIS SUBROUTINE CALCULATES THE TI~E OEPENDENT VARIABLES ,ROM 
THE COMPUTED STRENGTH ON THE LINE 0, EQUALITY OF STRESS -
STRENGTH CURVE • .................................................................. 

OI~ENSION PERCENTIS).AGEIS) 
COMMON IBLOC211 RATIO,THICK.p,rr,STRAINC.ES.NTPI.U.OIA.UNWT 
COKMON IBLOCK21 SS(SOI).AAA.WSI501J.MAXITE.CRAC~W 
COMMON IBLOC231 XBAR,STRSC.STRSB.STRC.IBABY.ITEB 
COMMON IBLDCK41 ALI5011.STRAINISOIJ.CONSTRI501I,STRESSSI5011 
COM~ON IBLOCKSI FEXPIIOI,YEXPIIOI.FRICMUL.NT.FU.I'y 
COMHON IBLOCK61 ALPHAC.ALPHAS.EC.FPC.TIME.EP.TOL.ITYPER 
COMMON IBLOC281 YI50Il.RErF(501"YPISOII.H.ICLOSEB.YPITEISOll 
COMMON IBLOCKIOI NSTRN.VOS.AGEUI201.TENSIONI20l.STRNMUL 
DATA AGr/O •• J •• 3 •• 5 •• 7 •• 14.,21.,28.1 
DATA PERCENT/O •• 15 •• 38 •• 53 •• 63"82 •• 94 •• 100.1 
INTEGER AAA 

Ir INSTRN.GT.O.) GO TO 30 
FLESTRN=TENSTRN/STRNMUL 
COMSTR=112000.*FLESTRN)/13000.-3.-'LESTRNl 
PERTOM=ICOMSTR/FPCI*IOO. 
EC-33.*'UNWT-'I.SI·SORTICOMSTRI 
~ATIO=ES/EC 
U=9.S-SQRTICOMSTRI/0IA 

IF fU.GT.800.1 u=soo. 
00 10 1=1.8 

Jal 
IF IPE~COM.LE.PE~CENTII)1 GO TO 20 

CONTINUE 
PRINT 80. PERCOH 

GO TO 70 
CONTINUE 

TIHE=IPERCENTIJI-PERCENTIJ-III/IAGEIJI-AGEIJ-lll 
TIME=AGEIJ-llo,PERCOM-PERCENTIJ-111/TIME 

GO TO 60 
CONTINUE 

COMPUTE THE TIME CORRESPONDING 
TO TENSILE STRENGTH 

00 40 I=I,NSTRN 
J.\ 

I, ITENSTRN.LE.TENSIONIllI GO TO SO 
CONTINUE 
PRINT 90. TENSTRN 

GO TO 70 
CONTINUE 

COMPUTE SLOPE BY LINEAR INTERPOLATION 

TIME=(TENSIONfJI-TENSIONfJ-\IJ/fAGEUIJ!-AG(UtJ-I)) 
TIME=AGEUIJ-\l.(TENSTRN-TENSIONIJ-II!/TIME 

RUNW vERSION rES 74 16.51.06. 23 JUL 75 

124 

124 
132 
130 
137 
137 

137 

In 

eACKTI~ 

C 
60 

C 
CONTINUE 

RETURN 
70 CONTINUE 

SHRN=26.-EXPI0.Jo·VOSl 
?=.TIHE/ISHRN·TIMEII*ZTOT 

ao FORMAT (II.IOX."ERROR IS OETECTED IN SUBROUTINE B~C~TIM,.,/. 
1 IOx.*THE CO~PUTEO PERCENT COMPRESSION IS GREATER THAN 
2E MAXIMUM PERCENT AVAILABLE-,I. 
3 lox.-PERCOM =ofIO,3.1. 
4 10x.-PROGRAM IS TERMINATEO-l 

90 FORMAT 111.lOx.'ERROR IS OETECTEO IN SUBROUTINE BACKTIM.-.I. 
I IOX.'THE COMPUTED TENSILE STRENGTH IS GREATER THAN THE 
cAXIMUM STRENGTH PROVIDEO BY THE USER*.I, 
l IOX.oTENSTRNz*.EIO.3,1. 
4 IOX,-PROGRAM IS TERMINATED*j 

END 



RUNW VE~SION fEB 74 16.51.06. 23 JUL 75 

SUBPROGRAM LENGTH 
302 

fUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
20 62 30 73 
70 137 80 154 

EXTERNALS AND TAGS 
SQRT SOOIOO RBAREX - 500200 
END 500500 

BLOCK NAMES AND LENGTHS 
BLOCKI • 12COI BLOCK2 • 1755C02 
BLOCKS - 30C05 BLOCK6 • 10C06 

VARIABLE ASSIGNMENTS 
AAA 765C02 AGE 264 
COMSTR - 275 CONSTR - 1752C04 
ES 5COI FE XI' OC05 
I 277 J 300 
PERCOM - 276 RATIO OCOI 
SS OC02 STRA IN - 765C04 
TEI>ISION- 26CIO TIME 4C06 
VOS ICIO WS 766C02 
yp 1752C07 YPHE 274IC07 

START OF CONSTANTS 
140 

START OF TEMPORARIES 
251 

START OF INOIRECTS 
254 

START Of VARUBLES 
25<, 

5PACE REQUIRED TO COMPILE -- BACKTIM 
33500 

lUCK TIM 

50 113 60 
90 2\3 

OUTpTC - 500300 EXp 

BLOCK3 - 6C03 BLOCK4 • 
BLOCKS· 3726C07 BLOCKIO-

AGEU 2C10 AL 
DU 10COI EC 
FLESTRN- 27 .. FPC 
NSTRN OCIO PERCENT-
REff 765C07 SHRN 
STRESSS- 2737C04 STRNMUL-
U 7COI lINIlT 
Y OC07 YEXP 

124 

S00400 

3724C04 
53CI0 

OC04 
2C06 
3C06 

254 
301 

52CIO 
llCOI 
12C05 

RUNW VERSION fEB 7<, 16.51.06. 23 JUL 75 

C 
C 
C 
C 

5 
5 
6 

10 
13 
15 
24 
26 
26 
33 
34 
35 
36 
4O 
40 
40 

DELTEHI 

10 

20 

40 

130 

SIJBROUTINf DELlEMl ITlHE.DELlAT) 

THIS SUBROUTINE RETURNS THE TE~PERATIJRE DROP AT I>ION­
INTEGER TIMES. 

COHMON IBLOCKI21 DT!501.NTE~p.NTIFLAG.uPINC.OOWNINC 
DO 10 ITIME;I.NTEHP 

REA3TI;fLOAT(ITIHE) 
If (REALTI.GT,TIHEI GO TO 20 

CONT II"UE 
PRINT 130. TIHE,REALTI 
STOP 66 
CONTINUE 
OTIME~TIHE-(REALTI-IJ 
If(DTIHE.EQ.O.IGOTO 40 
OELTAT:DT(ITIHE)·OTIHE 
RETURN 
DELTAT;OT!ITIMEI 
RETURN 
fORMAT!. ERROR IN DELTEMI TIME = .,EIO,3.*REALTI = *.EI0.3) 
END 



RUN~ VERSION fEB 74 16.51.06. 23 JUL 75 

SUBPROGR~~ LENXTH 
56 

fUNCTION ASSIGNMENTS 

STATE~ENT ASSIGNMENTS 
20 26 40 36 

EXTERNALS _NO HGS 
OUTPTC - 500100 STOP 500200 

BLO~K NAMES AND LENGTHS 
BLOCKI2- 66COI 

VARIABLE ASSIGN~ENTS 
DT OCO I DTI"E 55 
REALT I - 54 

START Of CONSTANTS 
41 

START Of TEMPORAR I ES 
52 

START Of INDIRECTS 
53 

START Of YAR IABLES 
53 

SPACE REQUIRED TO COMPILE -- DELTEMI 
32500 

DEL TEMI 

130 

END 

ITIME 

44 

500300 

53 NTEMP 62COI 

RUN~ VERSION FEB 74 16.51.06. 23 JUL 15 

5 
5 
6 

10 
12 
15 
17 
26 
30 
30 
45 
46 
46 
46 
51 
57 
61 
61 
63 
10 
14 
16 
16 

100 
100 
102 
102 
103 
103 
105 
101 
III 
114 
116 
116 
116 
120 
121 
121 
122 
130 
135 
136 
136 
lSI 

DEL TEMP 

C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE DEL TEMP fTI~E.DELTATI 

0 ••••• 00 ••••••• ••••••••••••••••••••••••••••••••••••••• ••••••••••• 
THIS SUBROUTINE CONTAINS THE INCREMENTAL TECHNIQUE 
FOR TEMPERATURE TI~E DATA. A SINE ~AVE IS FIT 
THROUGH EACH DAY. THE ROUTINE HAS THREE OPTIONS. 

DEL TEMP INCREMENTS UP BY UPINC If NTlfLAG : 1 
INCREMENTS DO~N BY DO~NINC If NTlfLAG : -1 
IT GiVES THE TE~PERATURE DROP AT TIME If NTlfLAG : 0 

.00.0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 4 

COMMON IBLOCKI21 DTf501.NT[MP.NTlfLAG.UPINC.DO~NINC 
PI=3.14159265359 

DO 10 ITI"E=I.NTE~P 
REA3TI=fLOATfITI~EI 

If fREALTI.GT.TI~EI GO TO 20 
10 CONTINUE 

PRINT 130. DELTAT.TIME 
STOP 66 

20 CONTINUf 
If fTIME.GT.REALTI-.15.A.TIME.LT.REALTI-.251 GO TO 30 

DELTAT=O. 
GO TO 40 

30 CONT INUE 

40 CONTINUE 
If INTlfLAGI 100.80.50 

50 CONTINUE 
DELTAT.OELTAT·UPINC 

If fTIME.XT.REALTI-.51 GO TO 90 
If IDELTAT.GE.DTfITIMEI'UPINC-I.E-71 GO TO 90 
If IDELTAT.LE.DTlITIMElI GO TO 120 

60 CO'lTI'IUE 

70 CONTINUE 

80 CO'lTI'IUE 
RETURN 

90 CO'lTI'IUE 

DELTAToOTIITI"EI 

T I"E=REAL Ti-.5 

REA3TI=REALTI·I. 
IT I"E=IT I"E'I 
DELTAToOELTAT-UPINC 

If IITI"E.GT.NTEMPI GO TO 70 
If IOELTlT.GE.OTIITIMEII GO TO 60 
[,0 TO 120 

100 CO'lTI'IUE 
DELTAT=DELTAT-DO~'IINC 

If IDELTATI 110.1100\20 
110 CO'lTI'IUE 

f'JELTAT=O. 
IF fTI~E'LE.REALTI-.51 TIME=REALTI-.15 
IF ITIME.GT.REALTI-.51 TIME=RfALTI •• 25 

RETURN 
120 CONTI'IUE 

TPLUS=ABSIASINIOELTAT/DTfITI~EII/12.·PII-.251 

IF ITIME.LE.REALTI-.51 TPLUS=-TPLUS 



RUNW VERS10~ FEB 74 16.51.06. 23 JUL 75 RU~W VERSION FEB 74 16.51.06. 23 JUL 75 

156 TIME.REALTI.TPLUS-.5 SUBPROGRAM LENGTH 
161 RETURN 213 
161 130 FORMAT to END OF TEMPERATUR[ ARRAY ENCOUNTERED-,I,- DELTAT ·-,F6.3 

1,- TIME ••• F6.3! FUNCTION ASSIGNMENTS 
It-I END 

STATEMENT 
20 
60 
100 

ASSIGNME~TS 
30 30 
76 70 

116 110 

EXTERNALS AND TAGS 
OUTPTC - 500100 STOP 
ENO 500500 

BLOCK NAMES AND LENGTHS 
BLOCKI2- 66COI 

VARIABLE ASSIGNMENTS 

46 
100 
121 

500200 

40 
80 
120 

SIN 

OOWNINC- 65COI DT oeo I IT IME 

OEL TEMP 

NTIFLAG- 63COI PI 
UPINC 64COI 

START OF CONSTANTS 
162 

START OF TEMPORARIES 
204 

START OF INOIRECTS 
207 

START OF VARIABLES 
207 

207 REAL T I -

SPACE REQUIRED TO COMPILE .- DEL TEMP 
3)200 

OEL TEMP 

57 
102 
136 

500300 

210 
211 

50 
90 
130 

ASIN 

NTEMP 
TPLUS 

61 
103 
174 

500400 

62eOI 
212 
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APPENDIX 4 

SAMPLE PROBLEMS 
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APPENDIX 4. SAMPLE PROBLEMS 

T OF P~CGRA~-MOOELI 

*******************************.**************** 
* * * SLAA DIMENSIONS * 
* * ****0*******************·*********0**0*000*0**0* 

SLA8 LENGTH : 
SLA~ ~IOT~ = 
NUM8EH OF INCREMENTS: 
F~ICTION FACtOR = 
~AX. CRACKWIOTH = 

~O~-RErNFOHcEMENI OPTION 

6.000E.01 
2.400E.01 

100 
2.000~+OO 
3.000E-02 

*******0****0**************** •• 0**.* ••• ****.*.** 
• 
* 
* 

S1tEL PROpfRTIES 

TY~E OF LONbllUOINAL REINFOprEMENT r~ 
UtFOR~ED RARS 

P~~CF~T REINFORCEMENT = O. 
BAR OlAME1EM : 6.2~nE-OJ 
YIELD STRESS = ~.OrnE.04 
ELASTIC MODULU~ = 2.90~E+07 
T~ERMAL COE~FICIENT = ~.Oo~E-06 

* • 
* 

.* ••• ** •• ** •• *** •• *.*.** •• **** •••• ******* •• ***** 
• • 
* CONCRETE PROPERTIES * 
* * .0**************.***********·****0********.****. 

SLAB lHIC~NtsS = 1.000[.01 
T~tRMAL COEffICIENT = 6.000E-O~ 
TOTAL SHRINKAGE = 4.000[-04 
U~lT wEIGHT CONCRETE= 1.440f.02 
CCMPRtSSIVE STRENGTH: 4.0~OE.03 
(TENS/FLE~'RAIIO = 6.666E-Ol 

TE~SlLE STRENljTH DATA 

155 



156 

••••••••••••••••••••• 
NC TE~SILE ~THE~GTH DATA IS TNpUT BY USER 
T~E FULLowlNb AGE-TENSILE ST~F.NGTH R~LATIONS~IP 
IS USED WHICH IS BASED ON T~~ RECOMMFNDATION 
GIVEN ~Y u.S. RURfAU OF RECL~MATION 

AGE. TENSILE 
(O~yS' STRENGTH 

fI.O 0.0 
1.0 ~6.9 

).0 183~6 
5.0 230.9 
7.1) 257.6 

14.0 30,,.3 
21.0 3~3.0 
2P.O 333.3 

•••••••••••••••••••••••••••••••••••••••••••••••• 
• 
• 
• 
• 

SLAB-BASE ~HICTION CHARACTE~ISTICS 
. F~Y RELATIO~IS~IP 

• • 
• 
• •••••••••••••••••••••••••••••••••••••••••••••••• 

TYPE OF FRICllON CURV~ I~ A ~T~AIGHT LINE 

MAXIMUM FRICTiON FORCE= 
MCVEMENT AT ~LIOING = 

•••••••••••••••••••••••••••••• 
• • 
• TEfoolpERHURE OAT A • 
0 • •••••••••••••••••••••••••••••• 

CU~ING TEMPE~ATURE= 75.0 

MINIMUM I)ROP IN 
Day TEMPERATUHt. TEM"'E~ATURE 

1 55.0 20.0 
2 55.0 20.0 
3 55.0 20.0 
4 55.0 20.0 
5 55.0 20.0 
6 55.0 2/).0 
7 5".0 ?IJ.O 
8 55.0 20.0 
9 5';.0 ~O.O 

10 55.0 ?O.O 
11 55.0 20.0 
12 55.0 20.0 
13 55.0 20.0 
14 55.0 20.0 
15 55.0 20.0 

3.;;00 
... nlO 



16 55.0 20.0 
17 55.0 20.0 
18 55.0 70.0 
19 55.0 20.0 
20 55.0 2(1.0 
21 55.0 20.0 
22 55.0 20.0 
23 55.0 20.0 
24 55.0 20.0 
25 55.0 20.0 
26 55.0 20.0 
27 55.0 20.0 
28 55.0 20.0 

~INI~UM TEMPEHATURE EXPECTED t.F'T~R 
CO~CRE1E GAINS FULL STRENGTH = 0 DEGAEt:.S 

******************0***************************** 
* . * 

ITEHATION AhO TOLERANCE CONTROL 

~AXI~U~ ALLOWA~LE NU~~ER OF ITERATIONS= 20 

Rt:.LATIVE CLOSU~E TOLERANCE= 1.0 oERCENT 

* 
* 

FO~ THE GIVt:.~ INPUT DATA, THE LENGTH OF TH~ NON. 
REINFORCED SLAB IS 1.BOOE+o2 INCHES~ 

157 

FARtNHITE 
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T OF PRCGRAM.MODELI 

••••••••••••••••• 0 •••••••••••••••••••••••••••••• · / . 
• 
• 

SLA~ DIMENSIONS 

SLAB LENGTH = 6.000E.01 
SLAB ~IOTH = 2.400E.01 
NUMBE~ OF INCREMENT~= 100 
F~lCTION FAC10R = 2.000E.00 
MAX. CRACKWIDTH c 3.000E.02 

STEEL '~SIGN OPTIUN 

S!EEL P~OPER!IES 

• 
• 

• 
• 

• • •••••••••••••••••••••••••••••••••••••••••••••••• 

TY~E OF LONGI1UDINAl pEINFOcrE~ENT I~ 
UtFORMEO 8ARS 

P~RCENT REINFORCEMENT • O. 
B~R DIA~ETEH = 6.25"E-Ol 
YIELD STRESS a 6.000E.04 
ELASTIC MODULUS a 2.90~E.07 
l~ERMAL COEFfICIENT = 5.00nE.06 

•••••••••••••••••••••••••••••••••••••••••••••••• 
• 

CONCRETE PROP(RTIE5 
• •••••••••••••••••••••••••••••••••••••••••••••••• 

SLAB THICKNtSS • 1.000E.01 
T~tR~Al COEF~ICIENT = 6.000F.0~ 
TeTAl SHRINKAGE = 4.000f.04 
U~IT wEIGHT CONCRETE= 1.440f.0~ 
CCMPRtSSIVE ~lRENGTH= 4.~00F.03 
(TENS/FLEX)~ATIO = 6.666[-01 

TE~SILt STRE~G1H DATA 



~c TE~SILt ~lRENGTH ~ATA IS TNPUT BY USER 
lrE FOLLO-INc.; AGE-TENSILE STPENGTH RFLATIONSHIP 
IS US~O ~HICH IS RASEn ON T~F RECOMMFNOATION 
GYVEN BY U.S. ~UPEAU Of RECLAMATION 

A<!E. THISILE. 
(DAYS, STRENc.;lH 

(1.0 0.0 
1.0 ~6.9 

3.0 183;6 
5.0 230~9 
7.0 2S7~6 

14.0 300.3 
2}.0 323.0 
2e.o 333.3 

•••••••••••••••••••••••••••••••••••••••••••••••• 
• • 
• 
• 
• 

SLAB-BASE ~RICTION CHARACTE~ISTJCS 
. F-Y RELATtO~lSHIP . 

• 
• 
• •••••••••••••••••••••••••••••••••••••••••••••••• 

lYPE O~ FkIC!lON CURVE IS A STRAIGHT LINE 

M4~IMUM FRIC1IO~ FORCE­
MOVEMENT AT SLIDINe ~ 

•••••••••••••••••••••••••••••• 
• • 
• TEMPERATURE DATA • 
• • •••••••••••••••••••••••••••••• 

CUoING TEMPE~AlURE. 75.0 

MINIMUM QRnp IN 
ou TEMf'E~1\ lUR~ TEMPER~TURE 

1 55.0 20.0 
2 55.0 10.0 
3 55.0 20.0 
4 55.0 20.0 
!) 55.0 20.0 
b 55.0 ?0.0 
1 55.0 20.0 
8 55.0 20.0 
9 55.0 20.0 

10 55.0 20.0 
11 55.0 20.0 
12 55.0 20.0 
13 5S.0 20.0 
14 55.0 10.0 
l~ 55.0 20.0 
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It> 
17 
18 
1'7 
20 
cl 
2Z 
23 
21t 
25 
26 
27 
28 

55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 

20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
?O.O 
20.0 
20.0 
20.0 
20.0 
20.0 

~1~lMUM TE~PEHATURE EXPECTED ~FTER 
CO~C~E1E GAI~S FULL STRENGTH = o OEGRElS FARtNHITE 

... 0 ..... 0················ .. ····· .... ··· .. 0 ... ·. 
• • 
• 
• 

ITE~«TION A~O TOLERANCE CONTROL 

MAXIMU~ ALLOWAHLF NUMBER OF ITERI\TTONSD 

RELATIVE CLOSURE TOLERANCf= 1.0 PERCr:NT 

20 

FOR ITYPER lCUAL TO 1. Tht: tRANSVERSE 
INCHES rEN1ER TO tENTER. 

STEEL IS 5.333E-02 PERCtNT 

IHCTH OF F lRST CJ;ACK IS !0084 INCHES AT TTldE .4791 DAYS. 

WH:TH ()f FIRST C~ACK IS .00A7 TNCHES AT TT~E .4p60 DAYS. 

WI'CTH Df FIRST CCACI< IS ,!00A9 TNCHES AT TT~E .4027 DAYS. 

\HCTH Of FIRST CHACK IS .0093 INCHES AT T{ME .5;'48 DAYS. 

,nCTH [F FIRST C!:lACK IS .0095 INCHES AT TTME • 5;'00 DAYS • 

WN~TH (iF FIRST CRACK IS ~O103 INCHES AT TT~E .C;;71l DAYS. 

AT THE F"-'D OF 28 UAY~ NO SteOND CRACK OCCURS 
~CNGI1UD]hAL STEll = 7.1731:.-01 "'EReENT. 
SPACED :: II .277E+OO INC"'E~ CENTER TO CENTER 

?,PACEO. 5.752E+O 



• 
• 
• 

T OF PRCGRAM-MOOELI 

SLAR DIMENSIONS 
• 
• • ••••••••••••••••••••••••••••••••• * •••••••••••••• 

SLAB LENGTH = 6.000f+Ol 
SLAB wIOTH = 2.400E+Ol 
NUMBE~ OF INCREMENTS= 100 
FRICTION FAClOR = 2.000~+00 
MAX. CRACK~luTH = 3.000F.02 

SLAB A~ALYSIS OPTION 

•••••••••••••••••••••••••••••••••••••••••••••••• 
• • 
• • 

S!tE.L PROPERTIES 

TYPE OF LONulTUOINAL REINFOqrEMENT l~ 
I)tFOFilolED RARS 

P~ACEhT REI~FORCEMENT = 2.00nE-Ol 
BAR DIAME1EI< = 6.25nE-Ol 
Yl~LO STRESS = 6.00nE+04 
ELASTlC MODULUS = 2.90(lE+07 
' ... ERMAL COEfI- lClENT = S.OonE-O", 

• 
• 

•••••••••••••••••••••••••••••••••••••••••••••••• · .. • CO~CHETE PROPERTtES • · .. •••••••••••••••••••••••••••••••••••••••••••••••• 

SLA8 lHICKNeSS = 1.000E+Ol 
T~ERMAL COEr~lCIENT = 6.000F.06 
lOTAL S~RINKA6E = 4.000~.04 
U~'IT WEIGt1T CONCRETE: 1.440F+02 
COMPRESSIVE STRENGTH: 4.~OOE+03 
(TE~S/fLEA)HAIIO = 6.666F.Ol 

TE~SILe STRENulH DATA 
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NC TE~SILE ~lRENGTH OATA IS TNPUT BY USER 
T~E FOLLowI~b AGf-T~NSILE STRF.NGTH RFL~TIONSHIP 
IS UStD WMICH IS BASED ON THF. RECOMMFNDATION 
GTVEN AY U.~~ ~UREAU OF RECLAMATION 

AGE, TENS 1 LE 
(D~YS' STPENc"TM 

0.0 
1.0 
3.0 
S.O 
7.0 

14.0 
21.0 
2e.o 

0.0 
86.9 

183.6 
230.9 
257.6 
30(>.3 
323.0 
333.3 

************************************************ 
* * 
* 
* 
* 

SLAB-BASE F~ICTION CHAHACTEQISTICS 
F-y RfL~TTONSMIP 

TYPE OF FRICTION CURVE IS A ~TRAIGHT LINE 

MAX IMIJM FRICTION FORCE= 
MCVEMtNT AT SLIDING • 

0***************************** 
* * 
* TE~PERATURE DATA 0 
* * 
****************************** 

CUR1NG TEMPE~ATURE= 75.0 

MINIMUM DROP IN 
DAY TEMt"ER/lTUkt. TEMPERATURE 

1 55.0 20.0 
2 55.0 ro.o 
3 55.0 20.0 
4 55.0 20.0 
5 55.0 20.0 
6 55.0 2/).0 
1 55.0 20.0 
8 55.0 20.0 
9 5~.O co.o 

10 55.0 20.0 
11 55.0 20.0 
12 55.0 20.0 
13 55.0 2(',.0 
14 5'5.0 20.0 
l~ 55.0 re.O 

* 
* 
* 



16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
n 
28 

55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 
55.0 

20.0 
?o.o 
?o.o 
?O.o 
20.0 
20.0 
20.0 
i'O.O 
20.0 
~O.O 
20.0 
?O.O 
?O.O 

MIHMUM TEMPt::HATURF.: EXPECTED AFTER 
CO~CRETE GAINS FULL ~TRENGTH = o DEGREtS FARtNHITE 

0000000000000000000000000000 0 00000000 0 0000000000 

o 
o 
o 

ITEHATION AND TOLF.RANCE CONTROL 
o 
o 
o 

000000000000000000000000000000000000000000000000 

MAXIMU~ ALLOWA8LE NUM8ER OF ITERATIONS- 20 

RELATIvE CLOSURE TOLERANCE~ 1.0 PERCENT 

WICTH uF FIRST CRACK IS .4~45 DAYS. 

ST~ESS IN THE STEEL 4.883E+04 IS GREATER THAN ITS WnRKING STHENGTH AT TI~F 

3000 

+63 
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