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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.

Felipe Rivero-Vallejo

B. Frank McCullough
Austin, Texas

August 1975
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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.

ix
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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)

(b)

(c)

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

designing the percent reinforcement for a concrete pavement slab,
based on a maximum allowable crack width and stress in thecsteel;
and

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. 1In
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 geographlc 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 temperature 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 and 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-21) and the AASHO Road Test (SR 61E),

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



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



manifestations that could lead to total deterioration. Stresses in the

pavement are caused by different factors such as:

= + .t .
9concrete 910ad OCurllng Imoisture shrinkage

+
Odrop 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 exceeds the tensile strength
cracking will occur. This can be represented in the following conceptual

equation:

)

(Gload + Ocurling + Oshrinkage + Odrop in temperature fconcrete
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 i&n 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. 1In Fig 1.2, a brief graphic summary of the findings of
Austin Research Engineers, is presented, 1In 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 temsile 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 i1s 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 beeéen 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
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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 0.06-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", that fully
mobilized frictional resistance is realized for the distance (%-— x) 45 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 1s 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 developed 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:

"When 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 arbitararily
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 anl stiff-
ness. This leads to a rapid stiffening of the paste two to four hours
after water has been 2dded 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 waterequal 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 minimum water-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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in inverse proportion of the fraction of the total volume eccupied by
pores. This is why the strength of the cement paste depends primarily
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 temnsion 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:

Z M+t (3.1)
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e | _x
Ze M+t (3.1)
M = 26e°'36(§) (3.2)
e = base of Naperian log,
t = time in days after concrete setting
v = volume of the member (inches3),
s = exposed surface area (inchesz),
Zt = drying shrinkage at time t , nad
Zf = final drying shrinkage.

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, = ( )Z (3.3)
t 26e0.36D +t f

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



22

of 0.000004 to 0.000006 inch per inch per degree Fahrenheit (Ref 8). A value
of 5.5 X 10-6 is generally accepted as satisfactory for calculating stresses
and deformations caused by temperature changes. Other factors besides type

of agpgregate 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 (8)
at any given depth (x) below the surface at any time (t) 1is obtained by

means of the following relationships:

6 = eoe-%,\/%sin (zTﬂt—-E—.\/%' ) (3.4)

and

% - 1.586 -6 ,

6% = a max a min
2 (3.5)

where

fo = amplitude of the temperature cycle at the free surface of

the slab,
e = base of Naperian log,
h = diffusiveness of the concrete in inchesz/hour,

thermal conductivity
heat capacity per unit volume

T = periodic time of the temperature cycle (24 hours for the
daily cycle),
a max maximum air temperature on a particular day, and

a min minimum air temperature.

*
Valid only for a six inch slab
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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.

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 concrete. 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:

Ratio of Split-tensile *
Concrete Type Strength to Flexural Stramgth
Gravel 5/8
Limestone 2/3
Light-weight 3/4

Aggregate

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 (fé) by using

*
Average value
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TABLE 3.1. CONCRETE THERMAL COEFFICIENT AS DEPENDENT
OF AGGREGATE TYPES (Ref 6)

Type of Coarse Aggregate Concrete Thermal Coefficient (10_6 in/in/°F)

Quartz 6.6
Sandstone 6.5
Gravel 6.0
Granite 5.3
Basalt 4.8

Limestone 3.8
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4000 fr
' - ———————
fc 1000-f (3.6)
T
where
fr = flexural strength (psi) and
f' = compressive strength (psi).

(3) Compute modulus of elasticity of the concrete by

_ 1.5 ;
E, Y 33ﬁ (3.7)

where

unit weight of the concrete (pcf) and

<
]

E_ = modulus of elasticity of concrete (psi).

(4) Compute the bond stress by using

9.5ﬁ
C

b= 3 (3.8)

where

bond stress (psi) and

-
]

bar diameter (inches).

-
Il

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:

E = y'033vE (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. Thisvmodel
is termed Model-1l, and is used to determine the first crack occurrence. 1If 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,

ASSUMPTIONS
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-1

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-1. These equations can be categorized into the

following groups:

(1) general equilibrium, and
(2) compatibility,

(a) shrinkage,

(b) temperature drop, and

(¢) friction.

General Equilibrium. A free body diagram for Model-1, and stress distri-

bution in the steel and concrete for a given drying shrinkage strain (Z) and
temperature drop (AT) 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; ZFx = 0

must be satisfied for equilibrium of the system, gives:

F +F = Sdex
[0}
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Fig. 4.3. Free body diagram and corresppnding stress distribution of Model-1,
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or
X ’
F +F -S Fldx = 0 (4.1)
c s o i
where
Fé = force in the concrete (1lb),
FS = force in the steel (1b), and
F; = friction force per unit length along the slab,
F, = friction force per unit length per unit width.

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

transformed to a stress equation by

X
Ac +Ao -S Fldx = 0 (4.2)
cc s s o i
where
o, = stress in the concrete, psi,
o, = stress in the steel, psi,
. . 2

AS = cross-sectional area of longitudinal steel, in ', and

?
Ac = cross-sectional area of concrete, in ,

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

A
S X _
Dcc+ Lcs-SoFidx = 0
where D = slab thickness (inches).

Therefore, dividing by D , the equation becomes
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where
L = slab width.
Substituting
A A
= S = _S_
P A DXL
c

implies

Sz Fidx
o, tpo_ =~ = 0

D : (4.3)

Compatibility Equations for Model-1, 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 i1f 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
eCZ eSZ

where



/]

§ Concrete

/

/

/] Steel

/

(a) sState of no shrinkage

Y, k-————z

/

/l

y

A Concrete

7 Steel |

/

(b) Shrinkage without bond . between two materials

'-ecz-——- €, -—’
I

:: Concrete ; |

/] ! |

s Steel 1

vd

4 d¥cz _,l

dx

(¢) Shrinkage for a:.fully bonded condition

Fig. 4.4. Reinforced member behavior when subjected
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where

Z = free drying shrinkage strain of concrete,

€., ~ concrete strain due to shrinkage (strain of concrete due
to restraint of steel),

C 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 = +
eCZ eSZ

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

- cz sz
z E +( E )
c s
rearranging terms,
Iez sz
E_= Z+E—-—
c 5
let
E
= ==
n E
c

a
o = EZ+-—% (4.5)
c n
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where

Ucz = stress in the concrete due to shrinkage, Z,
OSZ = sgtress in steel due to shrinkage, Z,
Ec = elastic modulus of concrete,

= modulus ratio, and

s = elastic modulus of steel.

(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. 1In this work, both steel and concrete thermal pro-
perties are characterized by the linear coefficient of contraction or expan-
sion., As previously polnted out, the aggregate type governs the concrete
thermal coefficient.

To solve the problem, the concrete and steel are assumed 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:

-€ = T(@ =«
¢cat T sAT AT (@ -2
€ = @ - € .
cAT AT ( c s) + sAT (4.6)
where
€ AT = gtrain in the concrete due to a temperature drop AT ,
c
€ AT strain in the steel due to a temperature drop AT ,
o]
AT = drop in concrete temperature ( F),
o = concrete linear thermal coefficient (/° F), and,
¢ o]
@ = steel linear thermal coefficient (/ F).

For a stress equation, equation 4.6 can be written

o)

sAT
= - 4.7
O AT AT (@, = @) Ec + — 4.7)
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where

0
>
-3

]

stress in the concrete due to AT (psi),

qQ
|

stress in the steel due to AT (psi).

If the principle of superimposition is applied to the concrete and steel

stresses due to Z and AT , the total stress can be predicted as follows:

c =0 o
c cz + cAT
o =
s Osz+osAT
Substituting the values of Sz and AT from Eqs 4.5 and 4.7,
° + E [Z + AT (@ a )
O'c = TS c c s ] (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 im 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 TFx = 0 gives
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dFc + dFs = -Fi'dx

or expressed into a stress equation:

Ado +Ado = -F .dx
C [ o4 8 8 1
F
do ot de's = -3 dx (4.9)

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

of space (assumption 7) we conclude:

)

= _8 -
o, = = +EC[Z+AT(O!C ors)] (4.8)

Dif ferentiating, with respect to x ,

do c = do‘s
dx dx “n +0
and solving for do o
do = ndo (4.10)
] c

Substituting into equation 4.9

Fidx
do o + pndo )
do c Fi 1
. .. — 4,11
dx D (1 + pn) ( )

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

system of equations is possible.
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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.

(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:

dYCZ
dx = scz-z
Integrating:
Y = Vx € dx - Zx + k (4.12)
cz Jo cz 1

for temperature:

dyY

d;&T = ecAT - acAT
Intergrating:
Y o = S’; eap- O ATX + Kk, (4.13)
Thus,
Y =Y +Y (4.14)

c cAT cz
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where

Then, from 4.12

Yo =
1f

e -

c

k3 =
then

Y -

c
But at x = 0
Therefore,

Y =

c

or if expressed

Y am
[+

= concrete movement due to shrinkage (inches)

concrete movement due to drop in temperature (inches)

= total concrete movement at the joint due to 2

(inches), and

]

constants of integration.

4,13, and 4.14

~

X 'x
Bo ecAde - O‘CATX +30 eczdx - Zx + kz + kl

cAT cz

X
go ecdx @ + cchT)x + 1(3

Sxe dx -~ (Z +o AT)x
o ¢ c

into a stress equation,

. O
X ¢
So Ec dx - (Z +ac&T)x

and AT

(4.15)

(4.16)
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(5) Joint Width. From equation 4.15, it is possible to evaluate the

joint width, by integrating at x = % as follows:
g c
_ 2 "¢
Yj SO —Ec dx (Z + chT)X

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

is the joint width, it can be written that

fs] —_
= = —c 2{_ - E
ij 2 Y, 2<Ec 3 (Z+o:cA'I‘);>
O¢
AX, = x |z7— - (2 + ¢ AT) (4.17)
] Ec c
where
AX = joint width (inches), and

total length of the slab (inches).

|
(]

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 error procedure.

With the equations previously developed, Model-1 can be solved for
stresses, strains, movements and joint width, but these equations are not

sufficient enough to solve 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-1 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 Model-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,
ZF. = 0 yields:

X

F -(F_+dF ) +Udx = 0
8 8 8

where

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

Therefore:

dFS
Since
U = uZ 4.19)
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where

9. f'
4 = bond stress; U = > c s
fé = compressive strength of concrete,
o = perimeter of the bar(s).
® = bar diameter.

Substituting the value of U from Eq 4.19 into Eq 4.18

dFs

dx L Zo

and transforming equation 4.20 to a stress equation using

yields

and

Since

Fs = o0 A
8 8
dos
acs b3
As dx o °
do _ T o
dx As
2
s = 1O
s 4
and
z = 1

49

(4.20)
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then

Y9 _oum _ 4

dx 2 )

g
4

Therefore:

do

s - b4

I p (4.21)

For a constant bond stress W , 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

ZFX = (0 1is applied to the concrete element in Fig 4.10, the following is
obtained:
F -(F +dF ) - Fldx -udx = 0
c c c i
dF + F/dx + Udx = 0
c i
dF = <-F!/dx - Udx
c i
aF, - -F{ - U
dx
Since
AS F
p = g edo, = f
c c
then
do
C _ n .
dx'A Fi pzo
]
Yo By
dx A A
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-F’/
—< - 1 _ ppre
dx Ac ﬂﬁ?

A

~-F’
do, - 1 _ 4pp
dx Ac )

For a unit width slab Ac = DX 1, then

do F
—¢ - ._1 _4up
= D 5 (4.22)

The shape of the concrete stress curve can be linéér if the maximum
frictional resistance force 1s 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 diffewent than the one for
Model-1, 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, IFx = 0 yields

X
F +F -F -S CFldx = 0 (4.23)
S0 co sc o i ,

where

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

Fco = force in the concrete at point of zero movement (1b),
FSc = - force in the steel at the crack (1lb), and

F, = friction force per unit length along the slab (1b/in).

Transforming Eq 4.23 to a stress equation,

X 7
- - Fidx = 0 (4.24)
As0 so + Acoco Ascsc So
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and for a unit width slab

S: Fidx
- = 0

sC D

x Fidx
xo

scC + D (4.25)

PIgso ¥ 9¢o = PO

or

-+ =
GCO pcSO PO

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,

es = QSAT
for x,
gaedx = o alAT
o 8 8
b
€ dx = o bAT
a B 8
where
Xc = the distance between the first crack and the point of zero
movement: .
Since
X = a+b
c

substituting for a + b,

Sae dx+Sbadx = o AT X
o 8 a4 B 8 [o]
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and
Os = eS'Es
therefore
8  dx+\Podx = Eo@XT (4.26)
0% afg s¥e .2
where

fully bonded length of XC

bond slip zone.

Summary of Equations

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

which equations apply to each model:
Model-1:

(1) Equilibrium

Sz Fidx
o, +-pcs - = 0 (4.3)

D

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

a

o, = 1§-+-EE [Z + AT(ac - as)] (4.8)

(3) Friction

= =1L x (4.11)



(4)

(%)

Model=-2:

(1)

(2)

(3)

(4)

(3)

55
Concrete movement at joinf
x e
Y = SO o dx - (Z + gcAT)x (4.16)
c

Joint width

0}

bx, = x[35 -2 + ol | (4.17)
i E
c
Equilibrium

xx
F.dx
+ o 1

9co +'pcso T PP D (4.25)

Concrete stress dye to shrinkage and drop in temperature,

g

= S - 4.8
o, - +~EC[Z + AT (ac as)] (4.8)
Friction,
do F,
—<c - i, _1 (4.11)
dx D (1+4pn)

Crack width

X(: c,(.‘.
bX, = 2 [So . dx - (Z + a AT) X_
Steel boundary conditions

a b = 4,26
So o dx + Sa o dx Eag X AT ( )
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The Approach

The work done in Research Project NCHRP 1-15 (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 AX 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 gtress-
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 t1 , 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-1 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 4.15a) 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:

Model-1
Solving Eq 4.8 for cs yields
o, = ng, - nEc[Z + AT(ac - as)]

S

and substituting O into Eq 4.3 yields

X
S F . dx _
9. + pncc - anc[Z + AT(Q/C - Q/S)] -Jo i = 0

D

Solving for o,

x
o, (L+pn) = pnE[Z + AT(Q/C - S)] +,l;0 Fidx

D
_ pnE [Z + AT(q, - oé)] + 5 .27)
% [1+ pn] *

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 = (0 and then the concrete movement Yl

is computed using that concrete stress. Movement Yl "is then used to determine

FS from the experimental curve, with F2 being the upper boundary. The
basic equation is again solved for concrete stress using F2 and computing
the concrete movement Y2 , which will correspond to F3 , the lower boundary,
from the experimental curve. Now, F4 will be the arithmetical average of

F3 and F2 . To determine the relative location of F4 with respect to the
closure point, Y4 is computed and compared with the experimental Y that

be

4e then F4 to find F5 s

and if YAe is greater than Y4 , then F4 is above the closure point, and

corresponds to F4 . If Y4 is greater than Y

then F5 will be the average of F3 and F4 , and continue to relative
closure (Fig 4.16).

Then the values of . and Fi corresponding to the friction-movement
closure point are used to compute the stress in the steel by using the following

equation:

X
_ o M 9
9 p

s pD (4.28)

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

slab,

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

(1) Divide the total slab length into N number of increments to have
an increment length equal to AX = x/N,

(2) for a given time, solve Model-1 for a distance equal to AX , the
increment length

(3) increment the Model-1 length into another AX and solve for . and

) ’
S

(4) continue incrementing AX by one AX and compute o and o
until AX is equal to half the total slab length,

(5) having the stress in the concrete for each AX , an equation relating
c. = f(distance) is computed,
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(6) substitute the value of Uc in the above equation by the concrete
strength fé at that time and find the corresponding distance,
Dist = f(fé), and

(7) 1if 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, Model-l 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 gsolution 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
AX until AX 1is 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 Model-l at the same time (age), it will indi-
cate the magnitude and location of the maximum concrete stress for that age,

s0 that when compared with the concrete strength at the same age it will

indicate if a second crack wll occur.

Combining Models 1 and 2

(1) Model-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 Models-l and 2 are equated to
find the point of zero movement. The distance point of intersection
from the Model-1 relationship is designated as distance from joint
to point of zero movement (xj). The equivalent movement from Model-2

is designated as distance from crack to point of zero movement (xc).

(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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(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
avold 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 eracks tightly together.

The process will be as follows:

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

‘E}

X 100 (4.29)

o

]
N
Hh

where

= percentage steel required (cross-sectional area) (percent),
= distance between free edges (feet),

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

Lo B o T
]

= 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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(4) 1If 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) 1If 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):

AB
= 4.30
Y pxp X 100 ( )
‘where
p = percentage steel required,
= glab 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 stresses are solved. At the completion of the study of half tne 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

Subbase
Friction Factor

Surface Treatment
Lime Stabilization
Asphalt Stabilization
Cement Stabilization
River Gravel
Crushed Stone
Sandstone

Natural Subgrade

2

.2

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 following day. The solution for the second crack occurrence is
achieved by solving Model-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 leés 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 intersects 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. REINFORCEMENT 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 nonlinearities involved in
the encountered problem it can be concluded that the algorithms developed in
the various nonlinearities 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 DATA

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 conditions,'" 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) wvariability 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 frictionm.

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 the 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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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, spalling, loss of laod 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 subgrade 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 their
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.

{3) 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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(5)

(a) analysis of a given design, crack occurrence and crack width,

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

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

A limited sensitivity analysis in the program shows that subbase
slab friction characteéristics 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)

(2)

(3)

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.

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.

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)

(2)

(3)

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

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.

The information from the preceding number should be used to develop
a design manual for CRCP that woudl 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-1

Program Operation

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. Al.1. 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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() Card
B8iank Card to Hait Program
(End of Dato Card)
Cords For As Many
Additional Problems L
As Desired =

(1) Card

iMaximum Number of Iterations
r!:_"o'nd Closure Tolerance

]
As Many Cards /IMinimum Temperature Expected I"

As Required

As Many Cards {'-

Cards As Required

For
First

Problem As Many Cards
As Required

Slab-Base Friction Relationship

Aqo-Tonsne Strength Relononshu )
Concrete Properhes

{1) Card .
| Steel Properties
{1) Card Slob Dimensions
{1) Card

(2) Cover Cards [

“Run Description Card

L Program and Run ldenhfucohon,l

it Cord LS

Assembled ':::i !
Program :u,'
Deck h

Progrom JRCP | Description Deck

with Start, Finish, oand Execute

cards required by the Particular

Computer and Compiler used.
Fig Al.1.

Assembly order for JRCP-1 program deck with data, ready to run.



JRCP-1 - GUIDE FOR DATA INPUT -- Card forms
IDENTIFICATION OF PROGRAM AND RUN (2 alphanumeric cards per run)

Description of Run

80

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

80

A5 Description of Problem (alphanumeric)

] ' !

I 5 1"
SLAB DIMENSIONS

FT FT 1b/in/in
SLAB SLAB NUMBER OF  FRICTION N
LENGTH  WIDTH INCREMENTS FACTOR  CRWM ISTDS NRF
F8. 4 F8.4 L 15 F8.4 F8.4 12 12
8 16 21 29 37 41 43

slab length must be understood as transverse joint spacing

STEEL PROPERTIES (one card each problem)

80

in? (PST) (PST) /°F
PERCENT BAR YIELD ELASTIC THERMAL TRANSVERSE
ITYPER REINFORCEMENT DIAMETER STRESS MODULUS COEFFICIENT WIRE SPACING*
I5 E10.3 E10.3 E10.3 E10.3 E10.3 E10.3

1 5 n 21 31 41 51 70

ISTDS =- 0 for analysis of a given design (user needs to input percentage of steel

and slab dimension)
ISTDS = 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-1 - GUIDE FOR DATA INPUT -- Card forms

O
(=28

NRF = 0 if ISTDS = O 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) (PST)
(IN) /OF DRYING UNIT WEIGHT 28-DAY
SLAB THERMAL SHRINKAGE OF CONCRETE COMPRESSIVE TENS. STRENGTH
THICKNESS COEFFICIENT STRAIN (pcf) STRENGTH* FLEX. STRENGTH
E10.3 E10.3 E10.3 E10.3 E10.3 E10.3
1 21 L 41 Gt [1] 70
AGE-TENSILE STRENGTH RELATIONSHIP
NTS AGE(1) TS(1) AGE(2) TS(2) AGE(7) TS(7)
JF5.1 F5.1 F5.1 F5.1 F5.1 F5.1
1 5 . u t6 21 26 31 36 41 51 56 &t €6 T 76 80
AGE(8) TS(8) AGE(NTS) TS{NTS)
F5.1 F5.1 F5.1 F5.1
1 13 21 26 3 36 41 46 51 56 (1] 66 T % 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(1)

[l

Tensile strength in psi.

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



JRCP -1 ~ GUIDE FOR DATA INPUT -- Card forms

SLAB-BASE FRICTION RELATIONSHIP (F-y curve)

IFY FQ)  yQ) F(2) y(2) F(7) ¥
[£5.2 | r5.2 ] 75.2 | #5.2] | | ] | L | ps.2 | 5.2 |
1 -3 u 16 2l 6 k1] b1 L 3§ 46 Si 5¢ &1 €6 k3) 78 80

F(8) ¥(8) ' F(IFY) y(IFY)

Les.2 | rs5.2] l l I | 1 [esa | ws.ol | | ] |
n "“ 21 E 13 b1 36 L 1] 46 k-1 p s6 [ Y] 68 n T8 80
IFy = 1* IFy=2% IFY = Total Number of

Points
FQ), yin | FO), y() | FUFY), yUFY) |

F{), y(B)

Stroight Line Parabola Multilineor

F(I) = Force per unit length (1b/in/in).
y(I) = Movement (inches).

*
Only the solid portion of the curve need to be defined; the dotted portion
is generated by symmetry with respect to the origin.
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JRCP-1 - GUIDE FOR DATA INPUT -- Card forms

TEMPERATURE DATA
Average curing temperature and minimum daily temperature (°F)

TD(13) TD(14)

CURT NTEMP  TD(1) 1TD(2) D(3)
ENNENEEEEREES l l | [ l I | F5.1 | F5.1
1 [ L 16 2 26 3t 36 41 46 St 56 L1 (1] k4 76 2c
TD(15) TD(16) TD{NTEMP)
F5.1 | F5.1 | | I | | l F5.1 | ] l
i it 21 26 3 36 4! 48 -1 53 L1 68 k4 k4 80
CURT = Average curing temperature of concrete, °F.
NTEMP = Number of days.
ID(I) = Minimum daily temperature,°fF .
Minimum temperature expected after concrete gains full strength
DTMAX
M s
ITERATIONS AND TOLERANCE CONTROL
MAXITE _ TOL
| 15 | r5.1 |
] L3 10
MAXITE = Maximum number of iterationms .
TOL = PRelative closure tolerance in percent.
‘ STOP PROGRAM One blank card to end program l
L1
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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-1 has the capability of analyzing the most commonly
used types of longitudinal reinforcement, deformed bars and deformed wire fabric. The desirable type of

reinforcement can be specified by ITYPER option. ITYPER = 1 is for deformed bars while ITYPER = 2 is for

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.
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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. 1In 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, respectively.

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(1) = 0, y(1) = 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.

00T



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: minimum temperature expected after concrete

gains full strength,

MAXTMUM 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.

I0T
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APPENDIX 2. GLOSSARY OF NOTATION FOR COMPUTER PROGRAM JRCP~1

NOTATION FOR JRCP-1 PROGRAM

AAA Counter for the number of iterations for friction closure
AGE Age of concrete generated by program

AGEU Age of concrete input by user

ALPHAC Thermal coefficient of concrete

ALPHAS Thermal coefficient of steel

ANTEMP Last day on time temperature curve

BAD Counter to indicate friction closure

BHIGH Spacing of transverse wire in deformed wire fabric
BLOW Half spacing of transverse wires

BONDL Bond or development length

COMSTR Compressive strength of concrete

CONSTR( ) Concrete stress

CRACKW1 Width of the first crack

CRACKW2 Width of the second crack

CURTEMP Curing temperature

DELTAT Drop in temperature at any time

DELTATM Maximum drop in temperature

DIA Diameter of individual bar

DELTAX Increment length

DIF( ) Difference between two successive iterations

DT( ) Daily temperature

DIST Distance between free edge and first crack

EC Modulus of elasticity of concrete

ES Modulus of elasticity of the steel

F() Friction force

FEXP( ) Flexural strength

FLESTRN Flexural strength of concrete

FOUT Value of flexural strength calculated by linear interpolation
FPC Compressive strength

FU Maximum friction force

FY Yield stress of the steel

FRF Friction factor for the AASHO steel equations

IFY Number of points defining the friction movement curve
INDEX Closure control

ITEB Counter for the number of iterations on bond length
ITYPER Option for the type of reinforcement

ISTDS Option for steel design

L Length of JRCP-1 Model

MA1 AAA-1

MAXITE Maximum allowable number of iterations

N Index for reading data
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NPROB
NT
NTEMP
NTP1
NRF

P

P2
PERCENT
REFF

SS( )
STRAIN( )

STRESSS( )

STRNMUL
STRSCO
STRSC1
STRSC2
THICK
TIME
TOL
UNWT
VDS

W

XBAR
Y()
YEXP( )
YP( )
YPITE( )
YST

yA

ZTOT

ANA
A1,A2,A3
BB
BONDCON
BONDLC
cC
cl,...,C9
DELTA
DENO

E

LOCMAX
NA

NAM1
NAP1
NAP2
RATIO
ROOT1
ROOT?2

Problem number (stops if blank)

Total number of increments in the JRCP-1 Model
Number of daily temperatures

NT+1

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-1

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

Notation for subroutine DFBARF

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 -1

NA + 1

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



107

SIGMASB Stress in the steel between cracks

SIGMASC Stress in the steel at the crack

SuMl Summation for solution of equations

SumM2 Summation of the slopes to the steel stress distribution
U Bond Stress

Crrommmneanmcae Notation for subroutine DFBAR

AA Coefficient of the square term in quadratic equation
B Bond length

BB Coefficient of the linear term in quadratic equation
CHECK Check for solution of equations

CONCRES Concrete stress between cracks

DD Constant term in the quadratic equation

DEL Value of delta in quadratic equation

R2, R6 Roots of quadratic equation

STRAREA Area under the steel stress distribution

STRC Stress in the concrete between cracks

STRSB Stress in the steel between cracks

STRSC Stress in the steel at the crack
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APPENDIX 3.

RUNW VERSION FEB 74 16.51.06. 23 JUL 75

W W W i W e e W W e W W W

S
12

22
24
24

36

46
72
76
102
106
124
126

126
133
141
154
154

154

JRCP1

[sXsX2]

[aNaNel

PROGRAM JRCP1 (INPUTsOUTPUT)

DIMENSION AN1(40)9AN2(18)

DIMENSTION F(S01)+SUM(501)+AGE (8) sPERCENT(8)

COMMON /BLOCK1/ RATIOsTHICKPsFFsSTRAINCsESINTP1sUsDIASUNWT
COMMON /BLOCKZ2/ SS(501) »AAAsWS{501) +MAXTITEsCRACKW

COMMON /BLOCK3/ XBARySTRSCsSTRSBySTRC»IBABY.ITEB

COMMON /BLOCK4/ AL(SOI)+STRAIN(S501)sCONSTR(501)+STRESSS(501)
COMMON /8L O0CKS/ FEXP{10)+YEXP(10) yFRICMULNT,FU,IFY

COMMON /BLOCK6/ ALPHACsALPHASIEC+FPCsTIMESEP,TOLITYPER
COMMON /BLOC287 Y{S01)eREFF (S501)+YP(S501) sHsICLOSERsYPITE (501}
COMMON /BLOCKS/ STXeSTYsPSXsPSYsITE

COMMON /BLOCK10/ NSTRNsVDS+AGEU(20) + TENSION(20) » STRNMUL
COMMON /BLOCK12/ DT(S0) ¢NTEMPsNTIFLAG+UPINCsDOWNINC

COMMON/BLOCKA/Z+YP19Y1(501) oDELTAX+DELTATsTEMPLSREFF1+YPITEL W

COMMON/BLOCKB/BHIGH»BLOWYSL s P2sYST»
COMMON/BLOCKC/STRSC1 (501) +STRSS1(S01) s INCoFRFsFYsL
DATA AGE/0e91493095.970914.921.928.7
DATA PERCENT/0.49154938.953.96349824994,+100,./
REAL NEGT
INTEGER AAA
REAL L
ITEST=SH

PROGRAM AND PROBLEM IDENTIFICATION

READ 510+ (AN1{(N)sN=1+40}
10 CONTINUVE
READ 520+ NPROB» (AN2(N}sN=1,18)
IF (NPROR-TTEST) 204450420
20 CONTINVE
PRINT 530
PRINT S40» {AN1(N)eN=1940)
PRINT 550+, NPROB» {ANZ2(N) sN=1+18)

READ SLAB DIMENSIONS AND DESIGN FLAGS

READ S55¢ XBARsWINTeFRF+CRWMs ISTOSsNRF
PRINT SB80

PRINT 556

PRINT 580

PRINT SS7.XBAR+WoNT +FRF s CRWM
XBAR=XB8AR®12,

557 FORMAT(//415Xs22H SLAB LENGTH = +€10.34+/s
1 15X422H SLAB WIDTH = 2E10.34+/0
2 1SX»22H NUMSER OF INCREMENTS= s+15s/9
3 15X+22H FRICTION FACTOR = 3€10,3+/
& 15Xy22H MAX, CRACKWIDTH = 9€10,3+//7}
IF(ISTDSL.EQ.1)PRINT SSI
IF (NRF.EQ,1) 7RINT 553
IF (NRF .NE,1.AND.ISTDS.NE.1)PRINT 554
5SS FORMAT (2FB.4»15+2FB.45312)
SS6 FORMAT( 10Xe1H®+46XKe1H®s/
1 10Xs48H® SLAB OIMENSIONS ®e/
2 10X s 1H® 346X 0 1H®)

551 FORMAT(/+10Xe® STEEL DESIGN OPTION ¢4/)

COMPUTER PROGRAM

RUNW VERSION FEB 74 16,51.06. 23 JUL 75

154
154

154
176
202
206
212
220
226
236
253

2SS
274
300
304
310

330

332
3so
367
371
372
406
407
407
413
417
w21
424
425
43]
«31
44l
443
450

450
454

JRCP]

553 FORMAT(/,10Xs® NON-REINFORCEMENT OPTION ®4/)
554 FORMAT(/410Xs® SLAB ANALYSIS OPTION ®,/)

[sXaXe) [sNeXs)

OO0O00 000

30

40
SO0

60

o000 0n

INPUT STEEL PROPERTIES

READ S60s ITYPERsPsDIASFYSESsALPHAS +BHIGH
PRINT S80
PRINT 570
PRINT S80

IF (ITYPER.,EQ.I) PRINT 590

IF (ITYPER.EQ.2) PRINT 600

IF (ITYPER.LT.1,O0R,ITYPER.GT.2) GO TO 450
PRINT 610+ PsDIASFYSESsALPHAS

P=P/100.

INPUT CONCRETE PROPERTIES

READ 620+ THICKsALPHAC*ZTOToUNNT sFPCs STRNMUL
PRINT S80
PRINT 630
PRINT S80
PRINT 640+ THICKsALPHACsZTOTsUNWTsFPCsSTRNMUL

INPUT AGE-TENSILE STRENGTH RELATIONSHIP
IF (STRNMUL.EQ.0.0) STRNMUL=],.0
NSTRN_ DESIGNATES WHETHER AGE-STRENGTH RELATIONSHIP 1S AVAILABLE
NSTRN = 1 AGE~STRENGTH DATA 1S PROVIDED

READ 660s NSTRNs (AGEU(L) s TENSION(I)oI=147)
IF (NSTRN.GT,.7) READ 650y {AGEU(I)+» TENSION(I) +I=8sNSTRN)
TENS=TENSION (NSTRN)
IF (NSTRN.EQ.0) GO TO 230
PRINT 670+ ((AGEUCI)sTENSION(I))sI=1sNSTRN)
GO To 60
CONTINUE
PRINT 680
PRINT 690
Do S0 I=1,.,8
OUMDUMaFPC*PERCENT (1)/100.
IF (DUMDUM.EQ.0.) GO TO 40
NUMDUM=S TRNMUL*3000./¢(3,+12000,/DUMDUM)

CONT INVE
PRINT 700+ AXE(I)sDUMDUM
CONTINUE
TENS=STRNMUL*3000./(3.+12000./FPC)
CONTINUVE

INPUT SLAB~BASE FRICTION RELATIONSHIP =2 (FORCE-DISPLACEMENT®®)
FORCE-DISPLACEMENT RELATIONSHIP

PRINT 710
READ 730s IFY (FEXP{I)sYEXP(I)sI=1s7)

11
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w12
511

513
515
517
17
s21l

sz2
s23
523
532
533
533
533
Sal
Sal

583
565

604
816
633
637

651
653
655
657
662
674

617
7046
712
Tis
124
730

Tad
3t
T4l
743
Tate
150
756
766
776

JRCPL

10

a0

90

100

noo

MO O

[aXsXal

120

130

1F (IFY.GT.7) READ 720+ (FEXP(11#YEXPULIoIx841FY)
IF (IFY.EQ,1} GO TO 70
1F (1FY.EQ.2) GO TO B8O
IF (IFY.6T.2) GO TO 90
CONTINUE
FRICMUL=FEXPL1}/YEXPIL)
FUSFEXP (1)
GO To 100
CONT INUE
FRICMUL=SORT(ABS (1/YEXP (1111 *FEXPLLY
FU=FEXP (1}
60 10 100
CONTINUE
1F LFEXPULI.NELOLORLYEXPLLI}.NELD) GO TO 450
CONTINVE
1F (IFY.EQ.2) PRINT 750 FEXP ()]s YEXP D)
IF (IFY.EQ.1) PRINT 740s FEXP(IVYEXPL])
IF (IFY.GT.2) PRINT 760« ((FEXP(1)oYEXP(I})eI=10IFY)

INPUT MAXIMUM DAILY DROP IN TEMPERATURE

READ 7705 CURTEMPoNTEMP+ (DT (1) el=z]leld)
IF (NTEMP,GT,14} READ 780 (0T (1)+1=15sNTEMP)
PRINT 800
PRINT 790+ CURTEMP
PRINT 6810
oG 110 I=1+NTEMP
YEM?T=OT (1)
OT 1) sCURTENP-DT (1)
IF (AT WLT.L0) DT =0,
PRINT 820+ I«TEMPT.DY{I}
CONTINUE

INPUT MINIMUM TEMPERATURE AFTER
CONCRETE GAINS FULL STRENGTH

READ 830, DEITATM

PRINT 840, DELTATM
DELTATM=CURTEMP-DELTATH

READ 8505 MAXITESTOL

PRINT 860

PRINT B70, MAXITE.TOL
P L Y Y Y TR P YT T Y X L L T T

INITIALIZE PARAMETERS .
CORRBINLIAINIIISRLNSERLBNIT IS RNY
IFIN1SH=0
YOL=TOL/100.
CONT INUE
IF (JFINISHEG.D) GO TO 13¢
PRINT 530

PRINT 540y (ANL(N) sH=le&0)

PRINT $50, NPROBs (ANZ2 (N} sN=1,18)
1F {IFINISHJER 1) PRINT 48¢

CONTINUE

RUNW VERSION FEB T4

TTe

TrT
1001
102
1002
1004
1005
1g07
1010
1011
1013
1014
1016
1016
1022

1632
1035
1036
1042
1051

1061

1051
1081
1051
1051
1051
1051
1051

1651
1051
1081
1081

1081
1051

1051

JRCPL

160

izZsel

480

490

S10
$20
S$30
540
550
560
570

580
590
600

610

620
630

640

16.51.06. 23 JUL 75

1IF (1TYPER.EQ.2) 1CLOSER=]

ANTEMP=NTEMP
18ABY=0
1BXBAR=0
1ENDONE=0
17e8=0

NTP1=NTe1

i8=1

VOS=THICK

EP=1.E-9
AhAcs]
BLOWSBMIGH/Z.

CONT INUE
CALL ORIVERINRFISTOS+ZTOT+F e SUMCRWMY
IFCISTOS JNE 1 OJNRFLEGL1IGOTO 450

PREPARE FOR PRINTING RESUALFS IF STEEL DESIGN OPTION CHOSEN

Age3l,}
Fepe]

416°DIA®DIA 4,
00,

YSLeAB® 100,/ (THICK®P)

PRINT
FORMAT

1
2
3

FORMAT

1

1

FORMAT
FORMAT
FORMAT
FORKMAT
FORMAY
FORMAT
FORMAT

1

2 1

FORMAT
FORMAY

1
FORMAT
1

FORMAT

» - BN o

N

FORMAT
FORMAT

10X s &4 BH®

880sPsYSL
(62X e9H MAXIMUN /¢ 2X+23H TIME TEMP DRYING »
S3H  TENSILE CRACK CRACK CONCRETE STRESS IN
IXsSIH (DAYS) DROP SHRINKAGE STRGTH SPACING
LX922H STRESS THE SYEEL +/)
¢ 2KeFS.202XeFSe) e2XeE10.302XeF5,103XeF6, 1),
1XsF)10.342¢2XE10,3})
¢ 20A%)
(AS+SXs1TALeAR}
18H1 ¢THX 2l OHwwwmnTRIM)
{1X920A4)
(77¢5H PROBe/3ASsSX 1 TASsAZe/ /)
{I5¢5X+61E)10.3))
(10X IH® rdBXe 1H% /7y
OXshfit®
DXy IH® 446X o I H®)
(10X 0B (10*})
(7/7¢15% 394 TYPE OF LONGITUDINAL REINFORCEMENT IS o/»
26X+ 14H DEFORMED BARS)
(77%15Xe39H TYPE OF L ONGITUDINAL REINFORCEMENT I35 +/»
23X+214 DEFORMED WIRE FABRIC)
€/ 7915Xs 264 PERCENT REINFORCEMENT =2E)0.3+/¢
15X 26H BAR OIAMETER =2E10.35/»
15Xy 241 YIELD STRESS =sE10.3¢7
15X+ 244 ELASTIC MODULUS =sE10,3¢/%
15X s 26 THERMAL COEFFICIENT 29E10.3s//77)
(10Xs6E10.3)
(10X e IH® sl X0 1 H® 4 /o

10Xy IH® s 6Ko 1 H®}

FORMAT

(£7915K922H SLAB THICKNESS =sE10,3+/»
15X 9224 THERMAL COEFFICIENT =4+E10,3+/»
16X+22H TOTAL SHRINKAGE =e€10,30 /¢
15Xe22H UNIT WEIGHT CONCRETE=+€10,3+/s
1SXs22H COMPRESSIVE STRENGTH=E10,3+4/¢

.

WIOTH »

STEE(L PROPERTIES Bele

CONCRETE PROPERTIES e/

ANt
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S 15X +22H (TENS/FLEX)RATIO =v€10,34/7) 1051 940 FORMAT (//»10Xs® ERROR IS DETECTED 24/
1051 650 FORMAT ((10X414FS,0)) 1 10Xs% FRICTION-MOVEMENT CURVE INPUT IS WRONG ®+/»
1051 660 FORMAT (ISeSXs14FS5.0) 2 10X»* F(1) AND Y(1) SHOULD BE 2EROS *,/»
1051 670 FORMAT (//+15Xe40H TENSILE STRENGTH DATA AS INPUT BY USER o//, 3 10x,* PROGRAM 1S5 TERMINATED ®)
1 14Xs16H AGE>s TENSILE 7/, 1051 950 FORMAT (//+10Xs® ERROR IS DETECTED ®s/»
2 13X+18H (DAYS) STRENGTH ¢/, 1 10Xs¢TYPE OF PERCENT REINFDRCEMENT OPTION IS NOT RIGHT®4/s
3 (15X9FSa142X9sFS,1)) 2 10X+® JTYPER=®, 1S}
1051 680 FORMAT (14X,22H TENSILE STRENGTH DATAs/s15X,21 (1H®)) 1051 960 FORMAT (//+10Xs® PROGRAM 1S TERMINATED + ITE = ,15)
1051 690 FORMAT ( /+»15Xes43H NO TENSILE STRENGTH DATA IS INPUT BY USER 4/, 1051 450 CONTINUE
1 15X+49H THE FOLLOWING AGE=-TENSILE STRENGTH RELATIONSHIP +/ 1051 ENO
2 15X946H 1S USED WHICH IS BASED ON THE RECOMMENDATION 4/,
3 15Xs37H GIVEN BY U.S., BUREAU OF RECLAMATION +//»
4 15X+1SH AGEs TENSLLE /4
S 14X417H (DAYS) STRENGTH +/)
1051 700 FORMAT (13X, 2(2XsFS,1))
1051 710 FORMAT ( /v10Xs4B8(1H®)»/s10Xs1H® 446Xs1H® 9/ s
1 10Xy 1H®45X935H SLAB-BASE FRICTION CHARACTERISTICSs6Xsl1H®y/y
2 10Xe1H® s 14Xs17H F=Y RELATIONSHIP¢15Xs H®/010Xs 1HO®166X01H® s/
3 10X+48(1H®) o/ /)
1051 720 FORMAT ((10Xy14F5,2))
1051 730 FORMAT (ISeS5Xs14FS5,.2)
los1 740 FORMAT (1S5Xs4]1HTYPE OF FRICTION CURVE IS A STRAIGHT LINEe//»
1 15Xs24H MAXIMUM FRICTION FORCE=92XsF6.34/
2 15X+24H MOVEMENT AT SLIDING =92XeFH.J)
1051 750 FORMAT (1SX,36HTYPE OF FRICTION CURVE 1S A PARABOLAs//»
1 15X s24H MAXIMUM FRICTION FORCEw»2X+F6,30/0
2 15X 924H MOVEMENT AT SLIDING =92XeF6,3
1051 760 FORMAT (1SX+4SHTYPE OF FRICTION CURVE IS A MULTILINEAR CURVEs//+
1 1SXeSH F(I)92XsSH YII)o//9 (15XeFB,.392KeF6.3)//)
1051 770 FORMAT (FS.1915514F5,1)
1051 780 FORMAT ((10X,14FS,.1))
1081 790 FORMAT ¢ 16X+20H CURING TEMPERATURE=+FS,1,//)
1051 800 FORMAT (///+10Xs30(1H%)y/,
1 10X 1M, 28Xe 1HE 4/
2 10X+ 30He TEMPERATURE DATA ®e/210Xe 1H® 28X e 1H® s/,
3 10X+e30 (1H®) 9 //)
1051 810 FORMAT (20X THMINIMUM 46X ¢ THDROP [N/
1 l°lv3HDAVvSXpllHTEIPERATURE.ZlollHTEIPERATUREv/)
1051 820 FORMAT (10Xe(I318XsFS,1+8XsF5,1))
1051 830 FORMAT (10X,FS.1)
1051 840 FORMAT (/4 14Xe36H MINIMUM TEMPERATURE EXPECTED AFTER ,/
1 14X +36H CONCRETE GAINS FULL STRENGTH 2.FS.00
2 20H DEGREES FARENHITE +//)

.1051 850 FORMAT (I155FS,.1)
1051 860 FORMAT (//910Xe4B(LH®)9/910Xs IH®146Xe 1H®s/s10Xe IH® 26Xy

1 334 ITERATION AND TOLERANCE CONTROL s7Xv1H®s/+s
10Xs1H® 246Xy 1HO9/9) 0X94B(1H®) 3/ //)
1051 870 FORMAT (10X,40H MAXIMUM ALLOWABLE NUMBER OF ITERATIONSTIS o//
1 10X+28H RELATIVE CLOSURE TOLERANCE=«FS,1s BH PERCENT,//)
los1 880 FORMAT(1X+*® LONGITUDINAL STEEL = *,E10,3s% PERCENT. ®4/,
1 ¢ SPACED = *,E10.3+® INCNES CENTER TO CENTER ®,//)
1051 900 FORMAT (10X915e2XeFS,192Xs4(€E10.302X4))
1051 910 FORMAT (//+10X+37H FOR ALLOWABLE NUMBER OF ITERATIONS: 1/

10X+36H THE SOLUTION DOES NOT CLOSE ON THE
2 10Xs24H STRESS STRENGTH CURVE., +/,
3 10Xs244 PROGRAM IS TERMINATED, )

JRCP1 JRCP1

1T
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PROGRAM LENGTH INCLUDING 1/0 BUFFERS START OF TEMPORARIES
6410 2227

FUNCTION ASSIGNMENTS START OF INDIRECTS

2234

STATEMENT ASSIGNMENTS

10 - 12 20 - 24 30 - 407 %0 - 431 START OF VYARTABLES

&0 - 450 70 - 517 a0 - s23 90 - 533 22346

100 - S4l 120 - 143 130 - 774 140 - 1016

#50 - 1051 4«80 - 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 557 - 1065 560 - 1263 570 - 1266

580 - 1306 590 - 1311 600 - 1324 610 - 1337

620 - 1400 630 - 1403 640 - 1423 50 - 1472

660 - 1475 670 - 1500 460 - 1530 690 - 1836

700 - 1603 no - 1606 720 - 1635 73¢ - 1640

Tho - 1643 750 - 1665 T80 - 1707 770 - 1724

780 - 1727 790 - 1732 80¢ - 1740 810 - 1767

B20 - 2004 83 - 2010 840 - 2013 850 - 2035

860 - 2037 ato - 2061 880 - 20717 900 - 2114

910 - 2121 J40 - 2152 950 - 2202 960 - 2222

EXTERNALS AND TAGS
INPYUTC ~ S00200 QUTPTIC =~ S00300 SGRTY ~ 500400 ORIVER - 500500

ENO = 500600 QBNTRY - 500100

BLOCK NAMES AND LENGTHS

aLockl - 12¢01 BLOCKZ - 175502 BLOCKI - 6C03 BLOCKS = 3724C04
BLOCKS ~ 0CeS BLOCKS - 10C06 BLOCKS - 3726C07 BLOCKY - 5C1¢
8LOCK10~ S3C11 BLOCK12- 66Cl2 BLOCKA - TTSCII BLOCKB « &Cle

BLOCKC - 1756C15

VARIABLE ASSTGNMENTS

Ara - T65C02 A8 - 4341 AGE - 4300 AGEU - 2c11
AL - 0C04 ALPHAC ~ 0C06 ALPMAS - 1C06 ANTEMP ~ 4337
AN1 - 2234 AN2 - 2304 BHIGH - 0C14 BLOW - 1Cis
CONSTR =~ 1752C06 CRWM -~ 4324 CURTEMP- 4333 DELTATM- 4335
DIaA - 10C01 oT - 0C12 OUMDUM - %332 {2 - SCo6
ES - scol ¥ - 2326 FEXP - 0CUS FPC - ICos
FRF - 1753C15 FRICHUL~ 28C05 FU - 28C0S5 rY - 1754018
I - 4330 I8 - 342 18ABY - 4C03 IBXBAR - 4340
ICLOSEB~ 2740C07 1ENDONE- 4341 TFINISH- 4336 IFy - 27C05
1STpS - %325 1TEQ - SC03 ITEST - %321 ITYPER = TC06
L - 1755C15 MAXITE - 1753C02 MODFLAG- SCls N - 4322
NEGT - 4320 NPROBS - w323 NRF - 4326 NSTRN - 0Cll
NT - 25005 NTEMP = 62C12 NTP1 - &col P - 2co
PERCENT~ 4310 REFF - 765C07 SS - 0CE2 STRAIN ~ T65C0%
STRESS S~ 273¥C04 STRNMUL - 52C11 SIRSCY ~ 0C1S5 STRSSI ~ T65C1S
SUM - 3313 TEMPT - 4334 TENS = 4331 TENS JON~ 26C11
THICK = 1¢61 TOL - 6C06 UNNT - 1iCel vos - iCil
o - TT4C13 ¥S - T66C02 xBaR - 0Col ¥ - 0co7
YEXP - 12¢05 YP - 1752C07 YPITE 2T41C07 YSL - 2C14
vi - 2C13 77107 - 4327

START OF CONSTANTS
1052

JRCP1 JRCPY

%11
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DRIVER

[aXa Ryl

[aXaTe

SUBROUTINE ORIVER (NRF ,1STOS¢ZTOT oF » SUMLCRWM)
DIMENSION F(S01) +SUMIS01)
COMMON/BLOCKI/RATIO» THICK P oFFsSTRAINC,ESyNTPY sUsOl A+ UNWT
COMMON/BLOCKZ/ SSISO1)+AAAWSIS0L) sMANTTE s CRACKW
COMMON/BLOCK3/ XBARYSTRSCISTRSBySTRC18ABYITEB
COMMON/BLOCKS/ FEXP(10)»YEXP(10) s FRICMUL oNT 1 FUs IFY
COMMON/BLOCK6/ ALPHACAALPHASIECIFPCyTIME+EPSTOL ¢ LTYPER
COMMON /BLOCKB/ Y5011 ,REFFI501)sYP(501) yHs ICLOSEBWYPLITE (501)
COMMON/RLOCKD/STRSCZ21(501)4018T
COMMON/BLOCKAZ/ZsYP 1Y 1 (50)) OELTAXSDEL TATVTEMP Y 4REFFL YR ITEL . w
COMMON/BLOCKB/BHIGH +BLOW YSL +P2+ YSTYMOOFLAG
COMMON/BLOCKC/STRSCI {5011 »STRES1 (501 )+ INCoFRF 4F YL
COMMON /BLOCK1IZ/ DT (503 »NTEMPyNTIFLAGUP INC,DOWNING
REAL L
L=XBAR
1P=0
IFSs0
IF INRFLNE, 13 X0TD S
p=g,
GOTO 10
IF(ISTOS.NEL1IGOTO 10
CALL STINS{FAN.FY W)
10 CONTINUE

ITIME=0
20 CONTINUE

wn

MAIN LOOP ON TINWE

ITIME=ITINE+]

TINE=FLOAT (ITIME}
IF{TINE,.GT.28,0)60TO 30
DELTAT=DT(ITIME)

168=0

CALL FORWARD(TENSTRN.ZTOTZy
18=0

CALL MODEL I{TIME.ISyINT)
CALL DISTI(DIST+TENSTRN,1G8)
IF (NRF ,£0.1)X0T0 50
IF{IGB.EQ. 1) X0TO 27

IF(DIST,NE.XBAR/2,160 TO 20
INC=DIST/H

CALCULATE FIRST CRACK WIDTM

DUM=DTST = (INCH*H)
IF(DUMLEQ,.0.) GOTO 123
YC=OUM® (Y] (INC* 1T =Y {INCI) /14
GOTO 12

123 YC=Y1(INC)

12 CRACKW1=2,%ASSLYC)
IF (CRACKW] JGT . CRWM)GOTD 70
IFICRACKN]) +GT . 0.,00100316G0TO 45
IF(ISTDS,EG. 11 GOTO 38

4S5 CONTINUE

RUNW VERSION FEB 74 16.51.06. 23 SL 75

113
123
131
132
141
123
146

155
156
160
163
164
166
167
112
173
206
210
212
214
223
223

226
235
244
245
254
256
260
263
212
303

303
304

314
s
azi
321
322
322
330
331
37
340
347

367
350

DRIVER

[aNaX2)

SO0

250

300

30

510

s

200

216

220

PRINT 540, CRACKW]TIME

1F {MODFLAGVEQ. 1} RETURN

15C=1

CALL MODELZ{F+BONDL»Z+OELTATeSUM INDEX¢STRMAX 1SC)
L=XBAR

DIFF=STRSC-0,75%FY

IF(DIFF,.GT.0.11G0TO 200

SUB~LOOP ON TIME FOR CRACK 2

ITIME=1TIME»]

TIME=FLOAT ( ITIME)

IF{TIME,GT.28.01G0OTO 220

DELTAT=DT (ITINMEY

CALL FORWARDI(TENSTRNsZTOT»Z}

18=1

CALL MODELL(TIMEsIS,INT)

1sC=0

CaLL MODEL2 (FeBONDL ¢ Z+DEL TAT»SUMs INDEX+STRMAX ¢ ISC
L=XBAR

H=L #NT

CaLL STRSCO(STRSCON)

IF{TENSTRN.GT . STRSCONIGOTO 250

TENSTRN=STRSCON

Catl DIST|(DIST+TENSTRNGIGB}

CALCULATE TME SECOND CRACK wWIDTH

CRACKW2:=ABS ( {1STRSCONSDISTI/2,-2. %12+ ALPHAC®OELTAT) )
IF{CRACKW2 . GT.CRWM) GOTO 260

IsC=1

CALL MODELZ(F+BONDL »ZsDELTAT «SUM, INDEX<STRMAXY 1SC)
L=XBAR

Hxl /NT

DIFF=STRSC~0,7S5%FY

IF (DIFF .GTa0.1160TO 200

PRINT 300,TIME+CRACKW2DIST

FORMAT (294 SECOND CRACK OCCURS AY TIME oFB.%y16H WITH & WIDTH OF
1 FB.497+36H AT & DISTANCE FROM THE FREE ENGE OF «E10.3)
RETURN

IF (NRF ,£Q, 13 X0TO 35

IFUISTOS .£Q,116GC To 38

PRINT 510

FORMAT {/»SX»34HNO CRACK OCCURS AT END OF 28 DAYS,.)
RETURM

CONT INVE

PRINT S520.L

RETURN

IF(IFS,.£Q.116Q70 70

dF (15TDS,EQ.1160T0 270
PRINT 210+STRSCTINME

FORMAT (204 STRESS IN THE STEELE10,3.25H 1S GREATER THAN TS WORK
1+ 20HING STRENGTH AT TIMEFS8,4)

RETURN

CONTINUE

STT
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350
354
354
35S
355
363
Jr2

32
an
373
402
406
406

w06

406
a1l
411
w11
4l
414
L33
26

426
w21
427
4235
436

461
46l
446

L4k
3.
%S1
451
54
455
455
A57
46}
bl
466
467
“h7
473

ORIVER

[xEa¥el

230

260

280 FORMAT (13 SECOND CRACKsFB.4¢51H 15 WIDER THAN NAXINUM ALLOWABLE C

S0

b4
S1

52

60
530

10

S40

38

270

18
918

PRINT 230

FORMAT (46H AT THE END OF 28 DAYS NO SECOND CRACK OCCURS
RETURN

CONT INUE

IF {1STDS.EQ.1)GOTO 270

PRINT 280+CRACKWZ » TIME

IRACKWIDTH AT TIME
RETURN

CONT INUE

IF(DIST LE.XBAR/Z2,)6G0T0 51

IF(DIST.GT+0,75%XBARIGOTO 52

GOTO 20

FORMATI/,]X+#F0R THE GIVEN INPUT DATA, THE LENGTH OF THE NON-#®
1 479 * REINFORCED SLAB IS #:€10,3+% INCHES.®)

CONT INUE

+FB.43

ADJUST ENGTH FOR NON-REINFORCED,

LEL-bv2,

GoTo 16

CONTINUE

LaleLs2,

G0t 16

CONT INUE

PRINT 5304 CRACKWI+TIMESTRSC] (INC)

FORMAT (/3 1Xs11H CRACKNIDTHIFB, 4y

156H IS GREATER THAN MAXIMUN ALLOWABLE CRACKNIOTH AT TIME

2FBa4e/7026H WITH A CONCRETE STRESS OF +FB8,4)
RE TURN

CONTINUE

IF(ISTOS.NE. 1 0GOTO 60

1P=1Pe]

TFEIPL.GT,MAXITE) GOTO 14
ADJUST STYEEL PEHCENTAGE FOR STEEL DESIGN OPTION

P=P+Ps2,

GO0 ¢

FORMAT (244 wI1DTH OF FIRST CRACK 1$
1 FB.4s7H DAYS, «/7)
IF{IFS.EQ.1IX0TO 18

P=pP-Ps2,

IF(P,EQ,0,166T0 239
IFiP,LE..00005:P=0,

GOTO 10

CONTINUE

SATTHICK*P

SFC25TRSCeSA

SA=SFC/(0,T59FY)

P=SA/THICK

1FS=1

GOTO 10

PRINT 915

FORMAT(3X,*FOR THE GIVEN SLAB LENGTH. THE PERCENT OF STE€L WAS ¢

1 *OICTATED BY THE STEEL ®s/+° STRESSES AND NOT BY CRACKWIDTH, o
& 4]

sFBabaTH INCHES,8n AT TIME.

RUNW VERSION FEB 74 16,51.06. 23 JUL 75

“73
474
507
510
514
51k
€22

522
526
532
541
545
550
551
561
571

571

571
571

DRIVER

27

39
550

1%

15

RETURN

CALL INTRSCTI{TENSTRNSISSINTsYC+OIST+2TOT« ISTDS?
16B=0

G0T0 12

CONT INUE

PRINT S504CRACKW]

FORMAT(/4+3Ks¢ NO STEEL IS NEEDED, WIDTH OF FIRST CRACK = *+€10,3,
1 ® INCHES. ®4/)

GOTe 1000

IFISTRSCLLELO0L.75#FYIGOTO 15

PRINT 9204STRSCHTINE

GOTO 1000

IFLCRACKW] (LE.CRUMIGOTO 45

PaP*100,

PRINT S10.,CRACKW] P

PRINT 920+STRSCTINE

920 FORMAT(* FOR THE MAX NUMBER OF ITERATION THE STRESS IN THE STEEL®

1 o/7e® AT THE CRACK IS *+E10,3+% PSTy AT TIME #.F8,%4/)

910 FORMAT (3Xs*SLAB LENGTH NEEDS TO BE REDUCEDSCRACKW] = ®+E10.3y

1 s/ @ INCHES #ITH PERCENT STEEL = #4£10,3)

1000 CONTINUE

END

911



RUNW YERSION FEB T4 16,51.06, 23 WL 75 RUNW YERSION FEB 74 16.51.06, 23 JUL 75

SUBPROGRAM {ENGTM
1043 SUBROUTINE MOOELI(TIME+ISyINT)

6 COMMON /BLOCKL/ RATIOsTHICK«P+FF+STRAINCIYESINTPL+UsDTASUNWT
FUNCYION ASSIGNMENTS 6 COMMON/BLOCKS/FEXP (10}« YERP (101 «FRICMUL sNToF U IFY
6 COMMON/BLOCKZ, SS(S01) +AAAsWS(SO]) sMAXITEsCRACKW
STATEMENT ASSIGNMENTS 6 COMMON/BLOCKAZ7ZoYPL s Y1 (5011 ¢DELTAXIDELTAT ¢ TEMPLsREFF I YPITE] o
5 - 17 10 - 23 12 - 101 14 - 526 [ COMMON/BLOCKE/ STRSCLISO11»STRSSI(S0T) ¢ INCIFRF4FYsL
1% - 545 18 - 467 20 - 24 27 - 474 6 COMMON /BLOC207 STRSCZ2(S011,DIST
30 - 304 as - 322 a8 - Lbh kL - 514 & COMMON/BLOCKS, Y{SO11+REFF(S01)s¥YPIS0L+Hs ICLOSEB,YPITE (501
45 - 113 50 - 373 51 - 406 52 - 411 3 REAL L
&0 - ala 10 - 21 123 - kad 200 - 331 6 IF CINTSEQL 11 X0TO &0
210 - 626 220 - 350 2390 - 661 250 - 131 [+ INITIALIZE LG6OP PARAMETERS
260 - 355 270 - 455 289 - 650 kL1 - 602 10 INC=0
510 - 620 S20 - 662 530 - 676 S40 - 720 11 M=l /KT
S50 - %2 916 - 1002 NS - 733 920 - 765 13 DELTAX=0,0
1000 - 571 < MAIN LOOP ON INCREMENT.
14 10 OELTAX20EL TAK#H
EXTERNALS AND TAGS 16 INCSINC» | :
5705 - 500160 FORWARD~ 600200 MOOELL - 500300 DISTT ~ 500400 20 IF(DELTAX.GT.LIRETURN
OQUTPTC = 500500 MODEL2 -~ 500600 STRSCO - S00700 INTRSCT-  S01000 23 IFLIS.HEL1IGETO 40
END -~ 501100 25 IFDELTAX,GTLOISTIRETURN
30 40 FO=0,0
BLOCK NAMES AND LENGTHS 31 CALL STRSCS(FO)
BLOCK] ~ 12¢01 BLOCKZ ~ 1795C02 BLOCK3 = 6C03 BLOCKS ~ JoCoe 33 CALL FRICLIFD)
BLOCKG = 10005 BLOCKS ~ 3726006 BLOCKD - 766C0T BLOCKA ~ TTSCI0 35 REFF1=F1
BLOCKB - 6C11 BLOCKC - Y756C12 BLOLK1Z- 66C13 37 CALL STRSCS(FI)
40 CALL FRICI(F2)
VARTABLE ASSIGNMENTS 42 F3x(FleF2)/2.
ALPHALD ~ 0C0S BONDL - 1033 CRACKW- 1031 CRACKW2~ 1040 45 20 CONTINUE
DELTAT = 770C10 DIFF L 1036 DIsST - 165C07 OT - oCi3 45 CALL BACFRCIEF)
DUM - 1027 FEXP - OCt4 FRF - 11531z FY - 1754C)2 L34 CALL STRSCS(F3}
L - 2737C06 IFS - 1021 168 - 1023 INC - 1752C12 S1 CALL CLOSE1 {INODEX+F3)
INDEX =~ 1034 INT - 10826 P - 1020 15 - 1025 53 IF (INDEX ,EQ.1)60TO 30
1s¢ - 1032 ITIME -~ 1022 L - 1755C12 MAXITE - 1753¢02 57 CALL BINRYFLEF3)
MOOFL AG~ SC11 NT - 25C04 P - 2C01 REFF - 765C06 &1 6070 20
SA - 1041 SFC - 1042 85 - 0C02 STRMAX - 103s 64 30 CONTINUE
STRSC = 1€03 STRSCON- 1037 STRSCY ~ 0C12 STRSCR - 0Co7? 6% IFUINTLEQ, LI RETURN
STRSS1 - 765C12 TENSTAN- 1024 THICK - 1C01 TImE - 4C0S 66 IF(P.EQ,0,1G6TO 10
v - 71410 WS - 766002 XBaR - 0Co03 Y - 0Cos &7 STRSS)I{INCI=FI*DELTAR/ IP*THICK) =STRSCL I INCY 7P
¥C - 1630 YEXP - 12¢C0& ¥YP - 1752C06 YPITE =~ 2741C06 s GOoT0 10
Y1 - 2c10 2 - ocCio 75 END
STARY OF CONSTANTS
572
START OF TEMPORARIES
1015
START OF INDIRECTS
1920
START OF VARIABLES
1020
SPACE REQUIRED YO COMPILE ~~- DRIVER
35600
DRIVER NODEL L

LT1



RUNW VERSION FEB 74 16,51.06, 23 JUL 75

SUBPROGRAM LENGTH
105

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS
10 - 14 20 -~ 45

EXTEPNALS AND TaGS
STRSCS -~ 500100 FRICT - 500200
BINRYF1- S00500 END - 5006060

BLOCK NAMES AND LENGTHS
BLOCK] - 12€01 BLOCKS - 30€02
BLOCKC - 1756C05 8LOCKD - 166C06

VARTABLE ASSIGNMENTS

DELTAX - 767004 DIST - 765C06
Fl - 101 Fe - 102

INC - 1752¢05 INpEX - 104

P - 2C01 REFF - 765C07
STRSC) =~ 0C0S STRSC2 - 0COo6
LH] - 766002 Y - ecoy
YPITE ~ 2741C€07 ¥l - 2C0a

START OF CONSTANTS
76

START OF TEMPORARIES
77

START OF INDIRECTS
100

START OF VARIABLES
100

SPACE REQUIRED YO COMPILE -~ MODELIL
33000

MODEL L

30

BACFRCl~

BLOCKZ
BLOCKS

FEXP
F3

L
REFF1
STRSS!
YEXP

[ TN I I I

64

$00300

1755C03
3726C07

0co2
103
1755C05
772C04
T65C0S
12¢02

&

CLOSEL

BLOCKA

¢

N

T
Y

0

g
T

HICK
P

Eror oo

g

$00400

77504

100
2737C07
25co0e
0Co0d
1C0)
1752¢07

RUNW VERSLION FEB 74 16.51.06, 23 JUL 75

0IST1

=

1

2

=

30

SUBROUTINE GISTL(DIST«TENSTRN+1GB)

COMMON /Bl OCKI/ABARYSTRSCSTRSBYSTRC+IBABYSITER
COMMON /BLOCRS/FEXP(10)sYEXP(10) +FRICMULSNT+FULIFY
COMMON /5L OCKB8/Y1S01) «REFF(S01) o ¥P(501) +Ma ICLOSES, YPITE(S01)
COMMON /BLOCRC/STRSCLI(S011+STRSS1(501) ) INCHFRFsFYsL
00 310 J=14NT

IFCABS(TENSTAN) JLELABS {STRSCI (J))160TO 20

CONTINUE

GIST=0.75¢XBAR

RE TURN

IF{J.,EG.11GOTO 30

DUMDUM= (STRSCL LYY =STRSCL (U= 1) 7 (ABSIH® J) =ABS (H* (J=111}
OIST=ABS (4% (J=1) )« {ABS {TENSTRN} ~STRECL {4=1)} /DUMDUM
IF(DIST.GE+ X8BAR/2,)RETURN

16B=1

RETURN

END

81T



RUNW VYERSION FEB 74 16,51.06. 23 JUL 75

SUBPROGRAM | ENGTH
67

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

20 20 30 - s2

EXTERNALS AND TAGS

END - S00100

BLOCK NAMES AND LENGTHS

BLOCK3 - 6C01 BLOCKS - 30C02 BLOCKS - 3726C03 BLOCKC - 1756C04
VARIABLE ASSIGNMENTS

DUMDUM - 66 FEXP - 0C02 H - 2737C03 U - 65

NT - 25C02 REFF - 765C03 STRSC1 - 0c0s4 STRSS1 = 765C04
XBAR - 0col v - 0C03 YEXP - 12c02 YP - 17s52c03
YPITE - 2741C03

START OF CONSTANTS
SS

START OF TEMPORARIES
s?

START OF INDIRECTS
65

START OF VARIABLES
65

SPACE REQUIRED TO COMPILE =-- D1ST1
32700

oIsT1

RUNW VERSION FEB 74 16,51.06. 23 JuL 75

STRSCO

S0

20
30

40

46

45

SUBROUTINE STRSCO(STRSCON)

COMMON /BLOCKB/Y(501),REFF{S01) +YP(S01) +He ICLOSEB»YPITE(SO1)
COMMON /BLOCKC/STRSC11{501)9STRSS1(S01) +INCoFRFsFYelL
COMMON /BRLOC2D/STRSC21501)+DIST

REAL LONGsMM]

DELTAX=0,0

CONTINUE

LONG=1(0,50*D1IST)-DELTAX

MIS=0

CALL STRSC12(MISySTRSCO1+STRSCO2+LONGeJ» 1)
MIS=1

CALL STRSC12{MIS+STRSCO1+sSTRSCO2+LONGsJ» 1)
DIFFaSTRSCO1-STRSCO2

IF(DIFFY20+30+40

DELTAX=DELTAXeH

GOTO S0

STRSCON=STRSCO1

RE TURN

M13=((STRSCL1LI)-STRSC1(I=1))/H}
B81=STRSC1(I-1)

IF(J.EQ,0)6G0TO 45

Mz (STRSC2(J+1)=8STRSC2(J))/H

B=STRSC2 ()

STRSCON= (B-B1®M/M1)/{1-M/M]1)

RE TURN

M=§TRSC2 (J* 1) /H

61T



RUNW VERSION FEB 74 16,51.06., 23 JUL 75

SUBPROGRAM LENGTH
102

FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMENTS

20 - 26 30
46 - 46 S0

EXTERNALS AND TAGS

$TRSC12- S00100 END

BLOCK NAMES AND LENGTHS
8LDCKB - 3726C01 BLOCKC

VARIABLE ASSIGNMENTS
8 101

t

D1sTY - 765C03 H
LONG - 66 ]
REFF -

STRSC2 -

YPITE ~ 2T41C01

START OF CONSTANTS
63

START OF TEMPORARIES
64

START OF INDIRECTS
66

STARY OF YARIABLES
(1]

81

765C01 STRSCOL-
0C03 STRSSI -

500200

40

1756C02 BLOCKD

100
271371001

67

73

785C02

SPACE REQUIRED TO COMPILE ~-- STRSCO
32600

STRSCO

DELTAX
1
mis

STRSCOZ2~

Y

33 45

766C03

71 DIFF
76 <

12 "1

T4 STRSCH
oco1 YP

[ I I I

56

0C02
1752¢01

RUNW VERSION FEB 74 16,51.06, 23 JUL 75

STRSC1E

100

85
B0

110

140

120

SUBROUTINE STRSC12(M[SsSTRSCO) +STRSCOZ +LONGe ds [}
COMMON /BLOCZS/FEXP(10) sYEXP (10) oFRICHULSNToFUs IFY
COMMON /BLOCKB/Y(S01) »REFF{501) 2YP(501) sHe ICLOESBs YPITE (501}
COMMON /BLOCKC/STRSC1150)) +STRSS](S01) s INCSFRFAFY L
COMMON /81, 0C20/5TRSC2(501) «DIST

REAL LONG

DO 100 J=)wNT

IF {ABS (LONG=J®H)} . LT, 0,101 GOTO 110

CONT INUE

ILONG=L ONG

IF(ILONG.FO,0)GOTO 120

PRINT 80

PRINT B85,LONX¢H

FORMAT(# IN STRSCLIZ ®+® LONG = *3F10,3,% M = %:£10.3)
FORMAT 140N ERROR IS DETECYED DISTANCES ARE WRONG ¥
STOP loo
CONT INUE

IF(RIS.NEL1IX0TO 140
DUMDUM= (STRSCZ2 () =STREC2(U~111/ 1ABS{H® )} ~ABS (H* (J~131)
STRSCOZeSTREC2tJ=1) «DUNDUNS (ARS (L ONG) ~ABS(H® {J~1) )
RETURN
CONTINUE
I=(NT+1) /2~
DUMDUM= (STRSCE{T+1)1=STRSCTI (1)) /1ABS (M 1) «ABS (H* (J=1)))
STRSCOLI=STRSC1 {11 «DUMDUM® L ABS (H* 4) «ABS (LONG))
RETURN
STRSCOZa0,
J=0
I1=iNT«1) /2
STRSCOLaSTRSCI U]
RE TURN
END

0¢1



RUNW VERSION FEB 74 16,51.06. 23 JUL 75

SUBPROGRAM LENGTH
160

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

80 - 141 8s - 133 110 - 43 120 - 122
140 - 76
EXTERNALS AND TAGS
OUTPTC = $S00100 STOP - $00200 END - 500300
BLOCK NAMES AND LENGTHS
8LOCKS ~ 30C01 BLOCKB - 3726C02 BLOCKC - 1756C0% BLOCKD = 766C04
VARTABLE ASSIGNMENTS
DUMDUM = 157 FEXP = 0C0l H - 2737€02 ILONG =~ 156
NT - 25C01 REFF - 765¢02 STRSC1 - 0€03 STRSCZ - 0Cos
STRSS1 - 765C03 Y - 0C02 YEXP - 12¢01 YP - 1752c02
YPITE -~ 274102
START OF CONSTANTS
130
START OF TEMPORARIES
147
START OF INDIRECTS
156
START OF VARIABLES
156
SPACE REQUIRED TO COMPILE ~- STRSCI12
33200
STRSC12

RUNW VERSION FEB 74 16.51.06. 23 JUL 75

INTRSCT

SUBROUTINE INTRSCT(TENSTRNsISsINTeYCyDIST+ZTOTsISTOS)
COMMON/BLOCK2/SS(501) +AAA WS (S501) ¢MAXITEsCRACKW
COMMON/BLOCK3/XBARsSTRSCs»STRSB9STRC+IBABY ITEB
COMMON/BLOCK9/STXsSTYsPSXsPSYS1TE
COMMON/BLOCKC/STRSC1(501) ¢STRSS1 (501) ¢+ INCsFRF+FYslL
COMMON/BLOCK6/ ALPHAC s ALPHASEC+FRP+ TIME+EP+TOL « ITYPER
COMMON/BLOCKS/FEXP (10) s YEXP(10) o FRICMUL eNToFUsIFY
COMMON/BLOCKA/Z»YP1oY1(501) e DELTAXeDELTATSTEMPL 4REFF 1o YPITELsW
INC=NT /2
YITEMP=STRSC1 (INC)
X1=TENSTRN
TIME=TIME=-0.5
IDT=0
S0 CALL DELTEM]1(TIME.DELTAT)
CALL FORWARD (TENSTRN,Z»ZTOT)
DELTAX=XBAR/2,
INT=1
ITE=]
CALL MODELI(TIME+ISINT)
IF{IDTLEQ,1) XOTO 30
X2=TENSTRN
Y2=STRSC1{INT)
IF(TIME, LE.0.1)1G0TO 80
IF(Y2-%X2120+30+10
10 TIME=TIME-0.1
G0TO SO
20 X2=TENSTRN
Y2=STRSC1 (INC)
OlF=(Y2-X2) /X2
IF(ABS(DIF) .3E.TOL)}GOTO 30
ITE=ITES]
IFUITELGT LMAXITE}GOTO 35
CALL GETME(XLsYLTEMPyX29Y2sFOUT)
TENSTRN=FOUT
CALL BACKTIM(TENSTRNSZTOT»2Z)
CALL OELTEM] (TIME.DELTAT)
CALL MODELI(TIME+ISsINT)
GOTo 20
30 INT=0
DIST=XBAR/2.
YC=Y1{INC)
RE TURN
R0 TIMEw0.33
10T=1
IF(ISTDS.EQ.1)GOTO S0
PRINT 400
400 FORMAT (® SLAB GETS A CRACK RIGHT AFTER CONCRETE PLACEMENT *
1 o/s+®, THE TIME ]S ASSUMED TO BE 0.33 DAYS, *./)
GOTO S0
35 GONTINUE
PRINT 355+ITEsMAXITE
355 FORMAT (» THE SOLUTION DID NOT CLOSE IN INTRSCT.®#,I34134//)
END

TCT



RUNW VERSION FEB 76 16,51.06, 23 JUL 75

SUBPROGRAM [ ENGTH

FUNCTION ASSIGHMENTS

STATEMENT ASSIGNMENTS

10 - 60 20 -
50 - 21 80 -
EXTERNALS AND TAGS

DELTEM]1~ 500100 FORWARD~
BACKTIM~ S00500 QUTIPTC -

BLOCK NANES AND LENGTHS
BLOCKZ -~
BLOCKE ~

VARTABLE ASSIGNMENTS

DELTAT - T70C07 DELTAX
FOUTY - 220 107
1TE bt w#C03 MAXITE
STRSCY ~ 0COe STRSSH
WS - 766C01 xBaR
YEXP - 1206 Y1

7 -~ gcor

STYART OF CONSTANTS
157

START OF TEMPORARIES
210

START OF INOIRECTS
212

START OF VARIABLES
212

1755C01 BLOCKD
16C05 BLOCKS

LI 2N 2N N 2 )

63
132

500200
500600

6C02
30C06

767C07
2le
1753001
T65C04
0C02
2cer

SPACE REQUIRED TO COMPILE ~- INTRSCT

33400

INTRSCY

30
ass

MODEL 1
ENOG

BLOCK®
BLOCKA

DIF
INC

NT
TIME
X1
Y1TEMP

128
202

S00300
sgov00

S5Cal
TISC0T

217
1752C04
25¢06
4C0S

213

212

I5
“00

GETME

BLOCKC

FEXP
ISTOS
$8
TOL
x2

Y2

I N I I O

146
165

$00400

1756C04

ocoe

acol

6C0S
2is
216

RUNW VERSION FEB Té& 16,51.06, 23 JUL 7S

$TOS

10

SUBROUTINE STOS(FRFFYru)
COMMON/BLOCKI/RATIOYTHICKsPoFF s STRAINCLESeNTPI sUs DA UNMT
COMMON/BLOCKI/ XBAR+STRSCsSTRSBsSTRC IBABY, ITEB
COMMON/BLOCKG/ALPHACYALPHASECYFRCTIME+EPs TOL S ITYPER
COMMON/BL OCKB/BHIGHsBLOWSYSL sP2s YST s HOQFLAG

REAL L

LeXBARZ12,

F5=0.150FY

PL2FRF /12, *FS)

AB=23,1416/4%D1A®82

PRZ=WHFRF*100,0/(2.,9FS)

IF(ITYPERLEQ.1IGOTO 10

BMIGM=AB/ (THICK®P2}

PRINT S00,P2s8HIGH

BLONSBHIGH/ 2.

RETURN

YST=AB%100./(THICK#P2)

PRINT S10.P2,YSY

RETURN

S00 FORMAT (» FOR [TYPER EQUAL TO 2+ THE TRANSVERSE STEEL IS #.£10.3»

1 * PERCENT SPACED.®+/+%C10.3¢% INCHES CENTER 10O CENTER,.®}

S10 FORMAT(* FOR ITYPER EQUAL TO 1» THE TRANSVERSE STEEL 15 *+€10.3,

1 * PERCENT SPACED.*sE10,34/4% INCHES CENTER TO CENTER,*)
ENO

[44)



RUNW VERSION FEB 74 16,51.06, 23 JUL 75

SUBPROGRAM | ENGTH
123

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS
10 - “2 S00 -

EXTERNALS AND TAGS

66 Slo

OUTPTC ~ 500100 END ~ §00200

BLOCK NAMES AND LENGTHS

8LDCK] ~ 12C€01 BLOCK3 ~
VARTABLE ASSIGNMENTS

AB - 122 BHIGH -~
FS - 121 ITYPER -
P2 - 3C04 THICK -~

STARY OF CONSTANTS
S7

START OF TEMPORARIES
17

START OF INODIRECTS
120

START OF VARIABLES
120

SPACE REQUIRED TO COMPILE =-- STDS
32700

STDS

6C02 BLDCKS

0C04 BLOW
7¢03 L
1€C01 x8aR

103

10C03 BLOCKSB

1C04 DIA
120 P
0coz YSY

6C04

10¢0}
2¢01
4C04

RUNW VERSION FEB 74 16,51.06. 23 JUL 75

STRSCS

SUBROUTINE STRSCSI(FRICI)
COMMON/BLOCKL/RATIO0» THICKsPoFF 2STRAINC2ESINTPL»UsD1ASUNWT
CONMON/BLOCKGE/ALPHAC s ALPHAS sECyFRP s TIME +EP# TOL s 1 TYPER
COMMON/RL OCKA/Z s YPLoYL(501) sDELTAXsQELTAT s TEMPLREFFLeYPITEL s W
COMMON/RL OCKC/STRSCL (5011 »STRSS1(501) o INCoFRFsFY oL

DUMDUM=FR ICL*DELTAX/ (THICK® (1 +P®ES/ECH)
STRSC1(INC)=DUMDUM¢P®ES® (Z+DELTAT® (ALPHAC~ALPHAS) )/ (1+P®ES/EC)
YL1UINC)=STRSC! (INCI®DELTAX/EC~DELTAX® (ALPHAC®DELTAT+2Z)

RETURN

END

£CT



RUNW YERSION FEB T4 16.51.06. 23 JuL 78

SUBPROGRAM LENGTH
41

FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMENTS

EXTERNALS AND TAGS
END - s00100

BLOCK NAMES AND LENGTHS

8LocKkl - 12C01 BLOCKS - 10C02 BLOCKA
VARIABLE ASSIGNMENTS

ALPHAL - 0002 ALPHAS - 1C02 DELTAT
DUKDUN - 4“0 €C - 2¢02 ES

P - 2C01 STRSC1 ~ 0C04 STRSSI
Yl - ecos 2z - 0Co3

START QOF CONSTANTS
36

STARY OF TEMPORARIES
36

STARY OF INDIRECTS
4“0

START OF YARIABLES
&0

SPACE REQUIRED TO COMPILE -~ STRS(S
3 L]

STRSCS

TTY5C03 BLOCKC

770C03 DELTAX
S5CO01 INC
765C04 THICK

1756C04

T67C03
1752C04
icol

RUNW YERSION FEB T4 16,51.06. 23 JUL 75

R Y R SRR RN

FRICI

10

40

50

&0

90

100

11¢

120

SUBROUTINE FRICL{FA)
COMMON/RLOCKS/FEXPLI10) 2YEXP (101 oFRICHMUL »NT9FUS IFY
COMMON/ZBLOCKAZZsYP14Y1 15011 ,DELTAXOELTAT < TEMPI L REFF1sYPITELsW
COMMON/BLOCKC/STRECIIS01328TRSS1(S01) 2 INCoFRF4FYL
IFLIFY.FO,.LIX0TO 10

IFLIFYEQ.2)X0T0 40

G010 99

CONT INUE

SLOPE=FRICMUL

FA=Y] (INC)*SLOPE

IF{ABS (FA) LE.FUIRETURN

IFIFA.GT.0.01FAZFU

IF(FALLELOO)FAa=FU

RE TURN

CONTINUE

IF (YL LINC) o6T.0.0)G0TO 50
FASFRICMUL*SQRT (ABS(Y) (INC)))

GOTO 60

CONT INUE

FA==FRICMUL#*SURT(YI{INC))

CONT INUE

IFLABS(FAY JLE.FUIRETURN

IF{FALGY,0.0)FA=FU

IFIFALTY 0. 0)FA=~FY

RETURN

CONT INUE

0O 100 JwlsINY

IFLABS Y (INT) ) LT, ABS{YEXP{J}}1GOTO 110

CONT INUE

FASFEXP(IFY)

GOT0 120

CONT INUE

DUNMDUM= (FEXP(J} =FEXP(J=1) )/ (ABS(YEXP (J} } »ABS(YEXP (J=111})
FAZFEXP (J=1) »DUMDUM® (ABS (Y1 (INC} ) «ABS(YEXP (J~1}1})
CONTINUE

TF(YLCINC) oGT40,0)FAB=FA

RETURN

END

%e1



RUNW VERSION FEB 74 16.51.06,

SUBPROGRAM LENGTH
125

FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMENTS
10 - 7 40
90 - 57 110

EXTERNALS AND TAGS
SQRT - $S00100 END

BLOCK NAMES AND LENGTHS
BLOCKS -

VARIABLE ASSIGNMENTS

DUMDUM - 124 FEXP
IFY - 27C01 INC
STRSC1 - 0C03 STRSS1

START OF CONSTANTS
START OF TEMPORARIES
117

START OF INDIRECTS
2

START OF VARIABLES
122

30C01 BLOCKA

23 JUL 7S
25 S0
73 120
500200

775C02 BLOCKC -~

9CO01 FRICMUL~

1752¢03 J
765C03 YEXP

SPACE REQUIRED TO COMPILE -~ FRICI

33100

FRIC1

k1) 60
112

1756C03

24C01 FU
123 SLOPE
12co1 vl

b4

26C01
22

2c02

RUNW VERSION FEB 74 16,51.06. 23 JUL 75

BACFRC]

20

40

60

SUBROUT INE BACFRC1(F3)

COMMON /BLOC2S/FEXP(10) +sYEXP (10) sFRICMUL sNTyFUs IFY
COMMON/BLOCKA/ZsYP1eY1(S01) sDELTAXsDEL TAToTEMP]1,REFF19YP1ITE]L W
IF(FRICMUL .EN. 0.0} RETURN

IF(IFY.EQ.1)X0TO 40

IFUIFY.EQ,2)X0TO 60

00 10 J=lIFY

IF(ABS(F3) LT ABS(FEXP(J))})1GOTO 20

CONT INVE

YP1=YEXP(IFY)

RETURN

CONT INUE

DUMDUM= (FEXP(J) ~FEXP (J=1)) /7 {ABS{YEXP{J) ) =ABS(YEXP(J=-1})}
YP1zABS (YEAP(U-1) )« {ABS(F3)=FEXP (J=1) ) /DUMDUM
IFIF3.6T.0.0)YP12~YP]

RETURN

CONT INUE

YP1=F3/FRICMUL

IF(ABS(F3) .GE.FU)YP1=YEXP (1)

RETURN

CONT INUE

YP1=(F3/FRICMUL) ®**2

1F (ABS(F3) «GELFUIYPL=YEXP(])

IF(F3.6T.0.0) YPlm=¥YP]

RETURN

ENOD

141



RUNW VERSION FEB 74 16,51.06., 23 JUL 75

SUBPROGRAM LENGTH
70

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS
20 - 22 40 - 4“2 (1] -

EXTERNALS AND TAGS
END - soolo0

BLOCK NAMES AND LENGTHS
BLOCKS ~ 30C01 BLOCKA ~ 715C02

VARIABLE ASSIGNMENTS

OUMDUNR - &7 FEXP - QC01 FRICMUL~
IFY - 27¢e1 J - 66 YEXP -
Yl - 2c02

STARY OF CONSTANTS
&5

START OF TEMPORARIES
(1]

START OF INDIRECTS
66

START OF VARIABLES
66

SPACE REQUINED TO COMPILE =~~ BACFRCI
32700

BACFRC]

s1

24C01 FU
12¢01 yP1

26C0L
1cog

RUNW VERSION FEB 74 16.51.06, 23 JUL 75

BINRYF1

10

SUBROQUTINE BINRYFL(F3)
COMMON/BLOCKA/ZoYPLe Y1 (501 s DELTAX+DELTAToTEMPL «REFFISYRITEL 4¥
COMMON/ALOCKC/STRSC) (501) 9 STRSS1(S01) s INCoFRFoF YL
IFLYPl GYLYILINCIIGOTO 10

TEMP1=REFF1

REFF1lsfF3

£3={3.2F3-TEMPL} /2,

RETURN

CONT INUE

Fl=(REFF1+F3) /2.

RETURN

END

91



RUNW VERSION FEB 74 16,51.06. 23 JUL 75

SUBPROGRAM LENGTH
23

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS
10 -

EXTERNALS AND TAGS

ENO - $S00100

BLOCK NAMES AND LENGTHS

BLOCKA - 775C01 BLOCKC = 1756C02

VARIABLE ASSIGNMENTS

INC - 1752C02 REFF1 - 772C01 STRSC1 -
TEMP) - 771C01 YP) - 1¢01 Y1 -

START OF CONSTANTS
20

START OF TEMPORARIES
22

START OF INDIRECTS
23

START OF VARIABLES
23

SPACE REQUIRED TO COMPILE =-- BINRYF1
32400

BINRYF1

0C02 STRSS1 -
2ce]

765C02

RUNW VERSION FEB 74 16,51.06. 23 JuL 75

CLOSE1

10
S0
110
70

120

SUBROUTINE C30SEL (INDEXsF3)

COMMON/ALOCK2/SS{501) s AAAsWS(S501) yMAX]1TE s CRACKW

COMMON /BLOCK6/ ALPHACsALPHAS+ECsFRCoTIMEEPoTOL» ITYPER
COMMON/BLOCKA/ZsYP13sY1(5001) DELTAXyDELTATSTEMPIREFF14YPITEL s W
COMMON/ALDCKC/STRSC1(501) 9STRSS1(501) ¢ INCeFRFoFYsL
INTEGER AAA

INDEX=0

BAD=1,

IF (AAA,EQ, 1) XOTO 50

IF(Y1(INC).EQ.0.0)GOTO 10
IF(ABS(YL(INT) ) LT.1.E-06)GOTO 10

DIF1=(Y1 (INC)=YPITEL1) /Y1 (INC)

IF(ABS{DIF1) +GT.TOL)BAD=BAD«1,

CONT INUE

IF (BAD.GT,.1.)GOTO 50

INDEX=1

AAA=]

RETURN

CONTINUE

AAATAAA <]

IF LAAA.GT ,MAXITE)GOTO 70

MAl=AAA-]

YPITEL=Y1 (INC)

FORMAT(® MALl IS®s1S5+%BAD IS®+FS.1e® AAA IS *.1I5)

RETURN

CONT INVE

PRINT 120

PRINT 110+MALl+8ADAAA

FORMAT (® [N SUBROUTINE CLOSE1 THE SOLUTION DID NOT CLOSE®)

END

Le1
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SUBPROGRAM LENGTH
110

FUNCTION ASS1GNMENTS
STATEMENT ASSIGNMENTS
10 -

120 - 76

EXTERNALS AND TAGS

QUTPTC -~ 500100 END - $00200

BLOCK NANES AND LENGTHS

8LOCK2 - 1755C0) BLOCKE - 10C02 BLOCKA
VARIABLE ASSIGNMENTS

AAA - 765C81 BAD - 105

MAXITE ~ 1753C01 MAL - 107 b33
STRSS1 = 765C0& TOL - 6C02 WS

Yl - 2¢063

START OF CONSTANTS
63

STARY OF TEMPORARIES
104

STARY OF INDIRECTS
1095

START OF VARIABLES
105

SPACE REQUIRED TO COMPILE -- CLOSE]
3z2ron

CLOSE]

70

DIFl

44

775C0)

106
ocol
766C0)

130

BLOCKC

INC
STRSCI
YPITEL

67

1756C04

1752C0s
0C04
F73C03

AUNN VEHSION FEB T4 16.51.06, 23 JuL 75

[ - - - . L KR X

70

101
102

106

106
116

124

FORWARD

NOOOO

(s otsl

10

20

3o

0

50

60

SUBROUTINE FORWARD (TENSTRN,ZTOT,2)

J e L T T T Ty e e R R T I T T Y
THIS SUBROUTINE CALCULATES THE TIME DEPENDENT VARIABLES FROM
WHICH THE SLAS RESPONSES ARE COMPUTED, LINEAR INTERPOLATION
I5 USED TO GEY FLEXURAL STRENGTH FROM AGE OF CONCRETE .

P e e T e e R L I X T YRy

COMMON /BILOCK]/ RATIOSTHICKsPoFFsSTRAINCIESeNTPLsUsDIA»UNWT

COMMON /BLOC22/ SS(501) s AAA,WS(S01) sMAXITE +CRACKW

COMMON /BLOCKY/ XBAR'STRSCsSTRSBsSTRCsIBABYSITER

COMMON /BLOCK4Z AL (50)) +STRAINIS01) »CONSTRISO) ) »STRESSS (501

COMMON /BLOCKS/ FEXP (10} oYEXP(10) oFRICMUL oNT »FUIFY

COMMON /BLOC267/ ALPHAC s ALPHASsECFPCyTIMEVEPSTOLs ITYPER

COMMON /BLOCKS/ Y{501) sREFF (S501) ¢ YP(SD1) sMe ICLOSEBsYPITE (501

COMMON #BLOCKIO/ NSTRNIVDS+AGEUI20) s TENSTONIZ20) s STRNMUL

DIMENSTON PERCENT (B)yAGE(8)

DATA PERCENT/04.515,338¢55345634+82.994,3100./

DATA AGE/0er3ae3avSerTerlber2lar2Ba/

INTEGER AAA

IF (NSTRN«GT.0.) GO TO 30
DO 10 I=)1.8
J=1
IF (TIMELJELAGE(I)) GO Yo 20
CONT INUE
PRINT 80+ TIME
G0 YO 70
CONT INUE
PERCOM= (PERCENT (J) =PERCENT (U=1)) 7 (AGE (31 =AGE (J=1})
PERTOMSPERCENT (=11 +PERCOM® (T IME~AGE (J=1})}
COHSTR=PERCOM*FPC/100
FLESTRN=3000,/(3,+]12000,/7COMSTR)
TENSTRNzZFLESTRN®STRNMUL
GO TO o0
CONT INUE
DO 40 1=1.NSTRN

J=1
IF (TIME,3€.,AGEVU(I)} GO TO SO

CONT INUE

PRINT 80y TIME
60 To 10

CONT INUE

COMPUTE SLOPE 8Y LINEAR INTERPOLATION

SLOPE={TENSION{J} =TENSTON(J=] )} Z1AGEY (1 ~AGEU(U=~1))
TENSTRN=TENSION (J=1) +SLOPE® (T IME~AGEULJ=1)])
FLESTRN=TENSTRN/STRNMUL

COMSTR={ 2000, *FLESTRN) /{3000, -3, *FLESTRN)

CONTINUE

EC=3I. ¢ (UNNT®®] 5] #50RT(COMSTR)
RATIO=ES/EC
U=9,5¢SQART {COMSTR) /DIA

IF tU.6T.B00.} U=80G.

8TT
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131
137
143
lak
Yk

lét

FORWARD

10
890

RETURN

CONTINUE

FORMAT (//7%10X¢®ERROR IS DETECTED IN SUBROUTINE FORWARD® /210X«

1 *TIME ENCOUNTERED 1S5 GREATER THAN WAXIMUM AGE PROVIDED BY THE USE
2R® /4 10Xe®TIME =94E10.30/y

3 10X+ #PROGRAM 15 TERMINATED®)

END

SHRN=26,4EXP {0, 36%yDS)
Z={TIME/ (SHRN*TIME) ) #ZT0T

RUNW YERSION FEB T4 16.51.06, 23 JUL 7§

SUBPROGRAM LENGTH
242

FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMENTS

20 - 27 30
10 - 144 80 -

EXTERNALS AND TAGS
OUTPTC - S00G100 5Q0T -

50
161

500200

1755¢c02
10C06

223
1752C04
0Cos

234
0C01
ocoe2
26C10
1C10
1752¢C07

END = 500500
BLOCK NAMES AND LENGTHS
BLOCK] - 12¢01 BLoCK2 -
BLOCKS - 30C0S BLOCKE =
VARIABLE ASSIGNMENTS
AAA - 765C02 AGE -
COMSTR =~ 236 CONSTR ~
€S - SCO01 FEXP -
1 - 233 J -
PERCOM - 235 RATIO =~
SLOPE -~ 249 55 -
STRNMUL~ S2C10 TENSION~
UNNT - 11C0) vos -
YEXP - 12C08 YP -
START OF CONSTANTS

145
START OF TEMPORARIES

210
START OF INDIRECTS

213
START OF VYARIABLES

213
SPACE REQUIRED TO COMPILE -~ FORWARD

33500

FORWARD

50

RBAREX

BLOCK3
BLOCKS

AGEY
DIa

FLESTRN=-

NSTRN
REFF
STRAIN
TIME
us
YPITE

70

$00300

6C03
372607

2clo
10c0)
237
oclo
76507
T65C04
“C06
166C02
27alc07

60 -
£xp -
BLOCKS® =
B8LOCK]O~
AL -
EC -
FPC -
PERCENT~
SHRN -
STRESSS~
U -
¥ -

106

500400

2724C04
S3c10

0C0&
2C06
o6
213
241
271371C06
rco1
9co7

621
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MO0EL 2

1o

20

30

18

SUBROUTINE MODEL2 (FsBONDL »Z+DELTAT ¢SUMs INDEX ySTRMAX s ISC)
DIMENSION F({SO01)«5UM({501)
COMMON /BLOCKL/ RATIOSTHICK +PoFF o STRAINCIESINTPLsUsDIASUNNT
COMMON /BLOCK2/ SS(SO11+aAANSISOLY osMAXITE » CRACKW
COMMON /B10C237 XBARSSTRSCSTRSBLSTRC s IBABYSITEB
COMMON /BLOCKG/ AL(SO1) «STRAINISO1) +CONSTR{SO1) 4STRESSS(SO])
COMMON /BLOCKS/ FEXPUIO) «YEXPULO) »FRICMUL oNT o FUSIFY
COMMON /BLOCKS/ ALPHACIALPHASSECIFPCy TINMESEF, TOL s ITYPER
COMMON /BLOC28/ Y(SO1)+REFF(SULI4YPISO) ) eMs ICLOSEB»YPITE (501}
COMMON /BLOCKS/ STX+STY+PSXPSYITE
COMMON /BLOCZ214/ IFINISH
COMMON /BLOCKC/ STRSCL(SO01)+STRES1(S011 s INCsFRFSFY sl
COMMON /BLOCZD/STRSC2(S0134D1IST
REAL NEGT
INTEXER AAA
REAL L
IFLISCL.EQ.11GOTO IS
INC=2
GH=XBAR/NT
L=0,0
L=GHeL
M=L/NT
INC=INCs]
GOTO 186
CONTINUE
L=018T/2.
Mzl /NT
INC=NT/2
CONTINUE
DO 10 1=1,NTP}
Y(II1=REFF{DYnYPU szAL{I)=F (]} =0,
SS([)=STRAIN(I)=CONSTR(])=STRESSS (1) =0,
CONT INUE
IF (ITYPERLEQ.1) CALL DFBAR {RONDLSTRMAX Z.DFLTAT)
IF (ITYPER.EQ.2) CALL OFWIRE (BONDL STRMAX,Z OELTAT)
1f (BONDLWGE.L) GO TO 80
IF(L.GT.0.7S*DISTIGOTO a8
STRAINC=STRMAX/EC
CaLL STRGENE (8ONDL)
CALL SIMPSPE {STRAINSNTPI,H.5UM!
CALL CONMOV {SUMeZeDELTAT)
CALL FRIC IF)
D0 20 JUs].NTF]
REFw{JI=F (U}
CONT INUE
IF (ITYPER.EQ.L) CALL OFBARF (F+BONDL+STEMAXsZ«DELTAT
IF (ITYPERLEQ.2) CALL OFWLIREF (FBONDL+STRMAKZeDELTAT}
IF {BONOL . GEL 31 GOTO BD
CALL SINPSPE (STRAININTPLyM,SUN)
CALL CONMOV (SUMsZ»DELTAT)
CALL FRIC (F)
DO 30 J=14NIP}
FAJ = (REFF (I oF 1)1 /2,
CONTINUE
CALL SIMPSPE (FyNTPLlyHySUM)

RUNW VERSION FEB T4 16.51406. 23 JUL 75

240
246
266
2s1
256
262
338
337
337
34b
38l
- 373
316
401
“01
%07
“1S
430
431
“37
445
446
lk b
451
451
457

417

o717

MODELZ

“0

50

20

-

10

a8

161
[«

B0

8

-

150

160
90
100
110
130
140

1
F4

FF=SUM(NTP])

CONTINUE

IF (AAA.LT.MAXITE} GO T0 SO
PRINT 90+ AAA
PRINT 100
PRINT 110y (IsAL{I}sREFFIIIZYPLII Y (L) eF{I}s[=1NTP])
SYOP
CONT INUE
CALL BAKFRIC (F)

IF (IVYPER(EQ.1) CALL OFBARF (F,BONDL»STRMAX«Z+DELTAT)
IF (ITYPER.EQ.2} CALL DFWIREF (F,BONDLeSTRMAKsZ+DELTATY

1F (BONDL.GE.3)GOTO 80
CALL SIMPSPE (STRAINSNTP1,H,SUM)
FORMATL10X»*BONDL IN MOOEL2 =*+€10.,35//}
CALL CONMOY (S5UM+Z+DELTAT)
CALL CLOSE INTPLsINDEXsF)

IF (INDEX.E£Q.1.AND.ICLOSEB.EC,I} 6O TO 70
CALL BINARYF (F)
CALL SIMPSPE {(FoNTP1+H»SUM)

FFeSUMINTP]}

GO YO 0
CONT INUE
STRSC2 (INCI=STRMAX
IF(ISC.EQ. 1IRETURN
IFILLLELOIST/2,060 TO 18
DELTAX=
PRINT 161
FORMAT (10K +®STRSC2%49Xe® INC ®,/)
PRINT 180, (STRSC2(I}s1el=1+INC)
RETURN
CONT INUE
STRSC2 ( INCI*STRMAX
IFUISCLEQ. 1IRETURN
IFILLLE,0151/2,160T0 18
CONTINUE
PRINT 150
RE TURN
FORMAT(//: 10X+ BOND LENGTH IS GREATER THAN DIST.#!
FORMAT (10X¢E10,3+5X¢15)
FORMAT (//7+10X»*RESULTS FOR 1TERATION =4 1S/}
FORMAT (/402X e e TRo®AL{I) @ s TXsPREFF® QX1 OYPS, ] [XooYO s [1Xe?F®, /)
FORMAT (10Xv]5+S{2K¢E1D.31)
FORMAT [ 10Ks® STRMAX =%.E]0.3!
FORMAT (//915XKe®» FOR TIME OF ® +E10.34/s

10X+ #SHRINKAGE2*+£10,3+7,

10Xs»DELTAT =*£10.3)
END

0eT
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SUBPROGRAM LENGTH

613

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

15 - 16 -
50 - 337 70 -
a8 - 457 90 -
130 - 550 140 -
161 - S13 201 -
EXTERNALS AND TAGS
DFBAR = $00100 DFWIRE =
CONMOY =~ 500500 FRIC -
OUTPYC - S0ll00 STOP -
BINARYF=- 501500 END -
BLOCK NAMES AND LENGTHS
BLOCK] = 12C01 BLOCK2 =
BLOCKS «~ 30¢05 BLOCKS -
BLOCK 4~ 1C11 BLOCKC =
VARIABLE ASSIGNMENTS
AAA - T65C02 AL -
pIsy - 765C13 EC -
GH - 607 M -
INC - 1752C12 ISC -
L - 1755C12 MAXITE =~
NTP} - 6C0L REFF -
STRAINC- 4C01 STRESSS~-
STRSC2 ~ 0C13 STRSS1 -
¥ - 0CO7 YEXP -
STARY OF CONSTANTS

500
STARY OF TEMPORARIES

574
START OF INDIRECYS

577
START OF VARIABLES

606

23 QUL 715

34
L]
530
554
506

500200
$00600
501200
501600

1755C02
10006
175612

0C04
206
271371C07
1
1753C02
765C07
2737C04
765C12
12€05

SPACE REQUIRED TO COMPILE =~ MODEL2.
35100

MODEL2

18

100
150

LI I

STRGENE=~

OF BARF

BAKFRIC

8LOCK3
BLOCKS
BLOCKO

CONSTR
FEXP

-~

1TYPER
NEGT

8
STRMAX
wS
w

E20E 2 TN T N N B

21
461
535
517

$00300
500700
501300

6C03
3726C07
T766C13

1752C04

6cos
618

1C06

06
ocoz

]
T66C02
1752C07

%0
81
110
16¢

vEr s

SIMPSPE-
DFWIREF~
CLOSE -

BLOCK4A -
BLOCKY -

DELTAX -
FF -
ICLOSES-
4

NT
STRAIN
STRSCIL
XBAR
YPITE

L2 I B

246
“r2
Shé
525

500400
501000
$01400

3724004
5C10

612
3col
2740007

611
25005
765C04
oci2
0co3
2T41C07

RUNW VERSION FEB 74 16,51.06. 23 JUL 7S

~3rPrRrO RO

CONMOV

OO NO

10
20
50

SUBROUTINE CONKOV (SUMsZ«0ELTAT)
BEDBARGLOCEBOBSCERRVRRCRET DB RARNRC S CRTORATRARBADESEEBENERRRORORRRR
THIS SUBROUTINE COMPUTES THE MOVEMENT OF THE CONCRETE AY

EVERY STATION . THE MOVEMENT 1S COMPUTED FROM THE DEVELOPPED
DIFFERENTIAL EQUATION

(22222 R R R R R Y A XA R I P PR L SR E R PSR RS R YT )
DIMENSION SUM(S0])

COMMON /BLOCK1/ RATIOsTHICKPsFFySTRAINCSESoNTPLsUsDIAvUNNT
COMMON /8L OCK2/ SSIS501) vAAAWWS (501 ) s MAXITEsCRACKW

COMMON /BLOC23/ XBARsSTRSCISTRSBLSTRC»1BABY1TER

COMNON /BLOCK&/ ALIS01) +STRAINISO1) ¢ CONSTRIS01) »STRESSS (501)
COMMON /BLOCKSZ FEXP (10} o YEXP (101 sFRICMUL #NT4FU

COMMON /BLOCKE/ ALPHACYALPHASYECSFPCs TIMEEP,TOL

COMMON /BLOC2B/7 YI(501)eREFF(50112YP{S01)sHsICLOSEB+YPITE (501
INTEGER AAA

DO 10 I=1«NTPI

Y1) =SUM{T)I~AL (1) S (ALPHACPDELTATZ Y (1}
IF (ABSIY(I1).6T,1.} 60 Y0 20

CONTINUE

RETURN

CONT INUE

PRINT SO+ (Y{I)+1x]+NTPL}

FORMAT (/,10Xs47H MOVEMENTS GREATER THAN 1 INCH ARE ENCOUNTERED »
1s 10X 8{2X4E10.30)

END

TeT
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SUBPROGRAM LENGTH
s?

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

20 - 26 50 - 43
EXTERNALS AND TAGS
OUTPTC - $00100 END - 500200
BLOCK NAMES AND LENGTHS
BLOCK] - 12C01 BLOCK2 -
8LOCKS = 27C05 BLOCK6 -
VARIABLE ASSIGNMENTS
AAA - 765C02 AL -
FEXP - 0Co05 I - 56
sS - 0C02 STRAIN -
¥ - 0CcO? YEXP =
START OF CONSTANTS
40
START OF TEMPORARIES
S4
START OF INDIRECTS
s6

START OF VARIABLES
S6

SPACE REQUIRED TO COMPILE =-- CONMOV
32700

CONMOV

1755C02
7c06
0C04

765C04
12C0S

8LOCKI -
BLOCKS -

ALPHAC -

NTPI1

STRESSS-

YP

6C03
3r26C07

0Co6
6C01
2737C0s
1752¢c07

8LDCK4

CONSTR
REFF
WS
YPITE

3724C04

1752C04
765C07
766C02
2741C07

RUNW VERSION FEB 74 16,51.06,

154
154
154

CLOSE

(s XeNeNe]

S0

60

70

1
80
110

1

2

120
130

23 JuL 15

SUBROUTINE C3OSE (Ns INDEXsF)
B8RO0 BB 323333030300003303033303033033030303333030830008¢%
THIS SUBROUTINE IS USED WITH THE BINARY TECHNIQUE
OF MOVEMENT CLOSURE
X X YR Y R XYY RS RE XYL RIS YR X2 A X Y Y Y R X X X X X XX X X XY XX Y]
COMMON /BLOCKZ/ SS(501)sAAAsWS(501) sMAXITE+CRACKW
COMMON /BLOCK4/ AL(S501)sSTRAIN(SO01)+CONSTR(S501)»STRESSS(S01)
COMMON /BLOCKX6/ ALPHACYALPHASsECsFPCoTIMEZEPTOL» ITYPER
COMMON /B8LDC28/ Y(501) +REFF (S01)4YP(501)sHeICLOSEB+YPITE(SO])
DIMENSION DIW(S501)¢F (501)
INTEGER AAA
INDEX=0
BAD=1,
IF (AAA.EQ,))
I=2N
IF (Y(I).EQ.0.} GO TO 10
IF (ABS{(Y(I)).LT.1.E=06) GO TO 10
DIF(I)=(Y(I)=YPITE(I))/Y(])
IF (ABS(DIF(I)).6GT.TOL) BAD=BAD+1.
CONT INVE
CONTINUE
IF (BAD«GT,1,)
INDEX=1
AAA=]

GO0 TO S0

GO0 TO S50

RETURN
CONT INVE

AAA=AAA+]
IF (AAA.GT.MAXITE)
MAL=AAA=]
I=14N
YPITEC(D) =Y (])

GO TO 70
00 60

CONTINUE

RETURN

CONT INUE

PRINT 120

PRINT 110y MALsBADyAAA

PRINT BO

PRINTY 130y ((IoY(I)oYPITEC(L}sOIF(I)9SS{I}sSTRESSS(I)»STRAIN(I},

CONSTRIIIsFII)) o Ix1oN)

FORMAT (//+28X»* Y YPITE DIF *e/)

FORMAT (//+10Xs® SOLUTION OIO0 NOT CLOSE FOR ITERATION®,1Ss/¢
10X+ #THE NUMBER OF POINTS THAT DID NOT CLOSE ARE®*4F10.0+/,
I1Hle//310Xs®% RESULTS FOR ITERATION #,15,//)

FORMAT //+10Xs® BAO LUCKs SOLUTION DID NOT CLOSE *,//)

FORMAT ( 20Xs15+8(2X»E10.3))

END

(41
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SUBPROGRAM LENGTM
1217

FUNCTION ASSIGNMENTS
STATEMENT ASS1GNMENTS
10 - 31 20
80 - 162 110

EXTERNALS AND TAGS
QUTRTC - 500100 END

BLOCK NAMES AND LENGTHS
8L0CK2 -

VARIABLE ASSIGNMENTS

AAA - 765C01 AL
DIF - 227 I
REFF - 785C04 55
TOL - 6C03 ws
wite - 2741C04

STARYT OF CONSTANTS
15%

START OF TEMPDRARIES
224

START OF INDIRECTS
217

START DF VARIABLES
227

1755CC1 BLOCKS ~

L B

31 so
170 120
500200

372402 BLOCKE

0C02 BAD
1218 MAXITE

0C01 STRAIN
T66C01 Y

SPACE REQUIRED TO COMPILE -~ CLOSE
a

3330

CLOSE

“1
213

10C03

1214
17153co1
765002
0C0%

10 -
130 -
BLOCKS -
CONSTR =~
MAL -
STRESSS~
hid -

S4
221

372604

1752C02
1216

27371C02
1752C04

RUNW VERSION FEB 74 16.51.06, 23 JuL 75

AW W W W W W W

BAKFR1C

20

30
“9

50
&0

10

SUBROUT INE BAKFRIC (F)
DIMENSION F(501)
COMMON /BLOCK1/ RATIO«THICK«P«FF 4STRAINCIES NTP1+UsDIAUNWT
CONMMON /BLOCZ22/ SS(S01) vAAA»WS(SG1) sMAXITE» CRACKW
COMMON /BLOCK3/ XBARsSTRSCoSTRSB.STRC IBABYITEB
COMMON /BLOCK4/ AL {501} ,STRAIN(SQ])sCONSTRISO1) +STRESSS(SOD)
COMMON /BLOCKS/ FEXP{10)+YEXP {10} FRICMUL sNToFULIFY
COMMON /BLOC267 ALPHACIALPHASSECFPCTIMESEP«TOLs JTYPER
COMMON /BLOC28/ Y{S0)1)sREFF(501).YP (5011 9Ms ICLOSEBSYPLITE(SO)
INTEGER aAaa
IF (FRICHUL.EC,0.0) RETURN
IF (IFY+€Q,1) GO TO 40
IF (1FY<EQ.2) GO TO 60
DO 30 I=]l.NTP)
00 10 J=l,1FY
IF (ABSIF LI LT ABS(FEXPIMIIY GO TO 20
CONT INVE
YPUY=YEXP(IFY)
G0 To 30
CONT INUE
DUMDUM= (FEXP{JI-FEXP{J=1) )/ (ABSIYEXP (U)) ~ABS(YEXP (J~1)1})
YP{1) =ABS(YEXP (JU~1)) ¢ LABS(F 1)) =FEXP (J=1) ) /DUNDUM
IF (F{1)eGT.0) YP(I)z==YP(I)
CONTINUE
RETURN
CONT INUE
DO 50 I=1.NTP1
YP{1y=F (1) /FRICMUL
IF {ABSIF{1))GE.FU) YPLI)YEXP (]}
CONT INUE
RETURN
CONTINUE
DO 70 l=l.NTO}
YO (LY =IF (1} /FRICMUL ) 92
IF (ABS{F (11} .GELFU) YRP(L)=YEXP (]}
IF tF{l3+GT.0) YP(1)2=YP(])
CONT INUE
RETURN
END

£eT



RUNW VERSION FEB 74 16,51.06. 23 JUL 75
SUBPROGRAM LENGTH

121
FUNCTION ASSIGNMENTS
STATEMENT ASS IGNMENTS
20 - 25 30 - 50
60 - 71 70 - 110
EXTERNALS AND TAGS
END - 5006100
BLOCK NAMES AND LENGTHS
BLOCK] - 12C01 BLOCK2 ~ 1755¢02
B8LOCKS = 30C05 BLOCKE - 10C06
VARIABLE ASSIGNMENTS
AAA - T65C02 AL - 0C0s
FEXP - 0C0S FRICMUL=- 24C05
1FY - 27C05 J - 117
SS - 0C02 STRAIN - 765C04
Y - 0CO07 YEXP = 12c0S
START OF CONSTANTS

114
START OF TEMPORARIES

114
START OF INDIRECTS

116
START OF VARIABLES

116
SPACE REQUIRED TO COMPILE -~ BAKFRIC

33100

BAKFRIC

40 -

BLOCK3 -
BLOCKS -

CONSTR =~
FuU -
NTP] -
STRESSS~
YP -

S3

6C03
3726C07

1752C04
26C0S
6CO01
2737C04
1752¢07

S0

BLOCK&

DUMDUM
1

REFF
ws
YPITE

66

3724C04

120
116
765C07
766C02
2741C07

RUNW VERSION FEB 74 16,51.06,

SUBROUT INE BINARYF

3 OIMENSION F(501)
3 COMMON /8LOCK1/
3 COMMON /BLOC22/
3 COMMON /BLOCK3/
3 COMMON /BLOCK4/
3 COMMON /BLOCKS/
3 COMMON /BLOC26/
3 COMMON /BLOCKSB/
3 COMMON /BLOC29/
3 DO 30 [=1,NTP1

S IF (YP(1)4+GT,
11

12 REFW (1)
14

21 GO0 To 20

21 10 CONTINUE

21

25 20 CONTINUE

25 30 CONTINUE

30 RETURN

30 END

BINARYF

23 JuL 75

(F)

RATIOsTHICKsPsFFsSTRAINCYESINTPLIsUsDIASUNWT
SS(SOI) sAAAWNS(S0]1) sMAXTTE»CRACKW
XBARySTRSC»STRSBySTRCs» IBABY,»ITEB

AL (SO1}+sSTRAIN(S01)+»CONSTR(S01) +STRESSS(501)
FEXP (10} sYEXP(10) s FRICMUL sNT ,FU»1FY

ALPHAC s ALPHASECoFPCs TIMESEP,TOL s ITYPER
Y(S01)sREFF (501)4YP(S501) sHs ICLOSEQ+YPITE(S0])
STXsSTYsPSXyPSYs ITE

Y(I)) GO TO 10

TEMT=REFF (1}

=sF (D)

FII)=(38F (1) -TEMP) /2,

FII=(REFF(I)+F (1)) /2,

weT
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SUBPROGRAM { ENGTH
36

FUNCTION AS5]GNMENTS

STATEMENT ASS5IGNMENTS
10 - 20 - a5

EXTERNALS AND TAGS
END - $00100

BLOCK NAMES AND LENGTHS

BLOCK] - 12C01 Brock2 - 1755c02
B8LOCKS ~ 30C05 BLOCKS ~ 10C06
VARIABLE ASSIGNMENTS

AL - 0C0& CONSTR - 1752C04
NP1 - &C01 REFF - 765007
STRESSS~- 2737C0a4 TEMP - 35
YEXP - 12C05 YP - 1752C07

START OF CONSTANTS
31

STARY OF TEMPORARIES
33

START OF INODIRECTS
kL)

STARY OF VARIABLES
34

SPACE REQUIRED TO COMPILE -=- BINARYF
32600

BINARYF

30

BLOCK3
BLOCKSR

FEXP
55

ws
YPITE

LI B A

25

6C03
3r25C07

BLOCKA
BLOCKS

0Cos I

aco2
766C02
2r41C07

STRAIN
Y

3724C04
sclo

34
765C04
ocot

RUNW YERSION FEB 74 16.51.06, 23 JuL 75

62
(33

70

T4
101
163
105
110
113
115
121

OF BARF

OGO DO0D

C
[

SUBROUT INE OWBARF (F sBONDLsSTRMAXZ2DELTAT)
L e T T LI T T e T 2 Y s
THIS SUBROUTINE SOLVES FOR THE STRESS IN THE STEEL AT THE CRAC
AND BETWEEN CRACKS. IT IS USED IN THE CASE OF DEFORMED BARS S
THE DEVE3OPMENT LENGTH CRITERIA OR BOUNDARY CONDITION 15 IHPOS
IN THE SOLUTION OF THE BASIC EQUATIONS.

“osue sBasa

HERSENETPESRBBBCEQEBBS Y

DIMENSION F (S01)+SUMISOL)
COMMON /BLOCKTZ RATIOeTHICK PoFF sSTRAINCESeNTPLoUsDIA«UNKT
COMMON /BLOC227 SSISOL)+AAANS(SO1 +MAXITE+CRACKY
COMMON /BLOCK3/ XBARSSTRSCoSTRSB4STRCe 1BABYITER
COMMON /BLOCKA/ ALISO1)+STRAINISO1I«CONSTR{S0]1) «STRESSS(S0])
COMMON /78L0CKS/ FEXP 10} +YEXP{10) »FRICHMUL sNT4FUSIFY
COMMON /BLOC267 ALPHACSALPHASSIEC)FPCsTIMELERPTOL « ITYPER
COMMON /BLOC287 YISO1I1sREFF(SO13,YP{501) oHe ICLOSEBCYPITE(SO
COMMON 7BLOC27/ SIOGRASCoSIGHMASEINA+NAP L »EsAsSeDENOINAP2
COMMON /81 0C2147 IFINISH
INTEGER AAA
REAL L
ICL6SEB=D
AzA3{NTP1)-BONDL
IF (A, E.0.) GO TO 30
NA=A/He 1l +EP
ExA=AL (NA)
IF (NAL,GT.NT) GO TO S50
NAP]=NAe]
NAP2=NA+2
NAM] =NA~]
DENS2THICK® (Pe], /RATTIO)
SLOTE(L) = -~ F (1} / DENO
SUMi=G.
SUM2=0,
DO 10 T=1.NaM)
SUML=SUMI (2%NA~(2,%11) )% (~F (1)/0END)
SUMZ=SUM2s (=F (1) /DENO)
CONT INUE

DEFINE CONSTANTS

Ssww (NAP ] FOENO
BONDCON=0DIA/ 6. %U}
ANAZNA
Clzleel ./ IRATIOP)
CR2zECH (ZeDELTAT® (ALPHAC=ALPHAS) ) /P
CIaFF/(P*THICK)
Chx{2«C3
CS=HPSUMZ » SHE
COXHRH*SUMN] 72,
C7={ANA~] .} *H
CH2MOSUNMZSESHESE /2,
£9==L4/Cl LS

DEF INE QUADRATIC EGUATION CONSTANTS

CeT
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124
130
135

152
156

157
165
173
201
202
205
211

211
213
220
223
22%
230
23¢0

230
237
245
252

255
260
265
270
271
271
2717
303
303
31l
315
315
327
3
kkk]
343
387
67
355
355
365
365

365

OFBARF

[aTeKad

AA=BONDCON® (].-1,/7(C12C1yy /72,
BB=(CT«E)/C1~BONOCON®CO/C]
CCRKALPHASSAL (NTP LI *OELTATSES=C4* (CT+E)/CL 206 CE-BONDCONTCI*CH/2,

OELTA=BB#88~4 2 AA*CC
IF (DELTA«LY.0,} GO TO 6¢

ROQT 1= (~BReSORT (OELTAY I/ (2. A4}
ROOCTZ= (~BR~-SORTI{DELTAI I /(2. %A4)
IF (ROOTZ2.6T.C.1 GO TO 40
SIGMASC=ROOTI
S1GMASB= {SIGMASC=Cs1/Cl
BONDLC= {5 IGMASC=(SIGMASBC5) } sBONDCON
201 FORMAT(JOX+#BONDLC = ®4E10.34/910X,8SIGMASC = #,E£10,3+/
1 10X+#SIGMASE *1E10. 30/ 010XseCS = *#4E10,347
2 10X+ *SONDCON *E10,3:s/7)
DUM= (BONDL C~BONOL } /BONDLC
1f (ABS(OUM) LE.TOL)} I[CLOSEB=]
1F (ICLOSEB.EQG,1) ITEB=D
[TES=ITEB+]
IF {ITEB.XT.MAXITE) GO TQ 2¢
BONDL=BONDLC
202 FORMAT(IOXs#BONDL IN DFBARF =#¢E£10,34//)

COMPUTE AREAS FOR SUMMATION CHECK

Al=H® ((2.9ANA~2,) *SIGMASBeH*SUM]L /2,
A2=SIGHASBRE +HOSUMR*E+SeEeE /2,
A3={SIGMASB<CE+SIGMASC) *BONOL /24
AAAA=A[+A2eAD

DURZ=ALPHASHAL (NTPF ) *OELTAT*ES
IF {ABSTAAAA-DUMZI .GT.]1.E~5) GO TO 10
CALL POIRES {(F«BONDL»STRMAX(LOCMAX,2+DELTAT)
RETURN
20 CONTINUE
PRINT 90, 17ESB

GO TQ 80

30 CONT INUE
PRINT 100, A

60 10 80

&0 CONT INUE
PRINT 110+ DELTASROOT]ISRODT2

GO T0 80

50 CONTINUE
PRINT 1204 NASNT

GO YO 80

60 CONT INUE
PRINT 130. DELTA
70 CONT INUE
PRINT 140+ DUMZeAAAA
60 CONTINUE . .
90 FORMAT (//410Xe® SOLUTIDN OID NOT CLOSE 8Y ITERATING ON BOND *,
i #LENGTH IN SUBROUTINE DFBARF®,/, ] 0Xs*PROGRAM 15 TERMINATED®,
2 Zel0Xe® ITEB=%,15)

100 FORMAT (//+10Xs®ERROR 1S DETECTED IN OFBARF*,/»

RUNwW VERSION FEHB 74 16,51.06. 23 JuL 75

3as

368
365
365

365

DF BARF

1 10X+%4 15 NEGATIVE AND=®,E10,3}
110 FORMAY (//+10%+®0CELTA=®+E10.3¢/»
10X 9%ROOT1=%1E10431/
10Xs®ROOTZ=%9E10439/ s
10X,® ERROR 1S DETECTED IN SUBROUTINE DFBARFIRODT2 IS POS, e}
120 FORMAT (/,20Xs® ERROR 15 DETECTED *1/»
1 10Xs® NA = €5I5:10Xs% NT = #,15)
130 FORMAT (/+10XsSERROR 1S DETECTED®+/»
1 10Xs® DELTA IS NEGATIVE AND=%+£]10.3)
140 FORMAT (/4.10X+% ERROR 1S ODEYECTED IN SUBROUTINE OFBARF®y/,
1 10Xy DUM2 1S NHOT EQUAL TO AAAA®+/»
2 10Xs® DUM2=%,€10,3+s5K+% AARAz®£}0,3}
END

WA e

9¢T
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SUBPROGRAM LENGTH
1613

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

20 - 2Tl 30 - 303

60 - Ja7 70 - k)-13
100 - 443 110 - 456
140 - 561 201 - 373
EXTERNALS AND TAGS

SQRT - S00100 POIRES - 500200
BLOCK NAMES ANO LENGTHS

aLoCK] - 12€01 BLOCK2 - 1755C02
BLOCKS - 30C05 BLOCKS - 10C06
BLOCK1 4~ 1C11

VARIABLE ASSIGNMENTS

A - SCl0 AA - 1575

AL - 0C04 ALPHAC - 0Cco6
Al - 1605 A2 - 1606
8ONQCON- 1562 BONDLC = 1603

c1 - 1564 2 - 1565
(-1 - 1570 cé - 1571

co - 1574 OELTA =~ 1600
DUM - 1604 oumM2 - 1611

EP - S5C06 €S - 5C01
H - 2737C07 1 - 1561

L - 1555 LOCMAX - 1612
NAM] - 1556 NAP] - iclo
NTP] - 6C01 P - 2col
ROOT1 - 1601 RODT2 -~ 1602
SIGMASC~ 0Cl10 SS - 0co2
SUM - S70 SuMl - 1557
TOL - 6C06 U - 7C01
YEXp - 12C05 vp - 1752C07

START OF CONSTANTS
366

START OF TEMPORARIES
562

START OF INOIRECTS
570

START OF VARIABLES
570

SPACE REQUIREO TO COMPILE =-- OFBARF
36600

OFBARF

&0
80
120
202

OuTPTC

BLOCKI
BLOCKS

MAXITE
NAP2
RATIO

S
STRAIN
SUM2
wS
YPITE

315
365
S11
(3

$00300

6C03
3726C07

765C02
1C06
1607
1577
1566
1572
Tclo
4Cl0
0CoS
2740C07
1753c02
10C10
0col
6Cl0
765C04
1560
766C02
2741C07

90 -
130 -

ENO -

BLOCKS -
8LOCKT -

(=]
—
»
[ I T TR T T S N I R R |

SIGMASA-~
STRESSS~
THICK =
Y -

333
%23
525

S00400

3724C04
11C10

1610
1563
1576
1752C04
1567
1573
10Co01
2C06
3col
S5C03
2Clo
25C05
765C07
1C10
2737C04
1Col
o0co7

RUNW VERSION FEB 74 16,51+06. 23 JUL 75

NN N NN NN NN NN

-

121
125
130
132
135
142
150
156
161

OFBAR

[aNeNaNaXal

[aNsXel

OO0 0O

[2X2]

SUBROUTINE OWBAR (BONOL +STRMAXsZ,DELTAT)

THIS SUBROUTINE COMPUTES THE STRESSES AND STRAINS IN THE CONCRETE
STEEL OUE TO A TEMPERATURE OROP AND/OR SHRINKAGE .
THE EQUATIONS ARE WRITTEN FOR A FRICTIONLESS SYSTEM

COMMON /BLOCK]1/ RATIOsTHICK,PsFFySTRAINCIESsNTPLsUsDIAsUNWT
COMMON /BLOCK2/ SS(501) +AAAWS(501) yMAXITEsCRACKN
COMMON /BLOC23/ XBAR»STRSC«STRSBsSTRC» IBABY,ITED
COMMON /BLOCK&/ AL (501)+sSTRAIN(501)+CONSTR(501)+STRESSS(501)
COMMON /BLOCKS/ FEXP{10)sYEXP(10)sFRICMULINTsFUsIFY
COMMON /BLOC26/ ALPHACYALPHASIECFPCsTIMEJEP«TOL+ITYPER
COMMON /BLOTKC/STRSC1(501)4STRSS1(501) ¢ INCsFRFoFYsL
COMMON /BLOC2B/ Y (501) sREFF (501} +YP(501) sHsICLOSEB»YPITE(S01)
COMMON /BL0C20/ STRSC21(501),DIST
INTEGER AAA
REAL LeL2
L2=L*2,
IF (2.LT.0,0R.OELTAT,.LT.0.) GO TO 40

COMPUTE CONSTANTS

Cl=(RATIO®P)/(1.+RATIO®P)
C2n(ES®Z)/(1,*RATIO®P)
CI=().-Cl)*01A/ (4,%U)
CazC220IA/ (4,°V)
AA=C3-CleC3
88=L2°C1-Cl®C4+C2°CI+Ch
00=-ES*L2°0ELTAT®ALPHAS-L2%C2.C2%Cs
DELTA=BB®BB=-4+®AA®DD

IF (DELTA.LT,.0.) GO TO 90

STRSC= STRESS IN THE STEEL AT THE CRACK
STRSB= STRESS IN THE STEEL BETWEEN CRACKS
STRC= STRESS IN CONCRETE

STRSC=(-BB+ (DELTA®#0,5))/(2.%AA)
STRSB=C1®STRSC-C2
STRTaSTRSB/RATICEC*Z
82 (STRSC~-STRSB)®D1A/ (4. 0%V}

IF (B.LE.0.) GO TO 30
CHE= (L2~2.%B) *STRSB* (STRSC+STRSB) *B
CHETK=CHE-ES®L2*DELTAT®*ALPHAS

1F (ABS(CHECK) ,GT.1+E-2) 60 TO 70

A CHECKING THE SOLUTION BY SOLVING FOR CONCRETE STRESS FIRST
Cl1=0IA/ (4.*U"Pep)

Cl2=2.%L2*RATIO/2.

Cli=2,sL2%ES*1/2,

Cle=2.®ALPHAS®L2®ES*DELTAT/2,
DEL=C12%C12+4.2Cl11%(C13.Cl4)
CONCRES=(=C12+SQRT (DEL)) /7 (2.°Cl 1)
R2=(-BB-SORT(DELTA) )/ (2,%AA)

R4=Cl*Re2-C2

R6=R4/RATI0+EC®Z

LET



167
171
173
173

201

201

w01

OF HAR

10

[sRalel

20

YOOy

30

&0

50

70

80

90

100

110
1z0

RUNW VERSION FEB 74 16.51.06, 23 JUL 7S

IF {R6.6T.0) GO T0 S0
IF {R2.GT.0) 6O TO S50
CONY INUE
IF (ABS(STRC-CONCRES) .GT.1.E-7) GO TO 80

* END OF ASOVE CHECK
CONTINUE

COMPUTE AREA UMDER STEEL STRAIN DIAGRAM FOR THE ASSUMED
FRICTION3ESS SYSTEM

DUMI=L~8
STRAREA=DUM] *STRSB/ES (STRSBSTRSCI#R/ (2, %ES)

1F [ABS(STRAREA-ALPHAS*DELTAT#L).GT,1.E~7) GO TO 100
STRMAX=STRC

STRAINC=STRLC/EC
BONDL =8
RETURN
CONT INUE
PRINT 140, 8
G0 10 110
CONT INUE
PRINT 150, Z+DELTAT
GO TO 110
CONT INUE
PRINT 160s RZsR4+R6
GO TO 130
CONT INUE :
PRINT 120+ PeDELTAT+Z+XBARISTRSCoSTRSBSTRCSECB
PRINT 180, CHECK
GO TO 110
CONTINUE
PRINT 120+ P+DELTATSZ+XBAR+STRSCySTRSB,STRCIECB
PRINT 190

60 70 110

CONT INUE

PRINT 200

CONT INUE

PRINT 210

PRINT 220, STRAREA

CONT INUE

FORMAT (//+10X+® PERCENT RENFORCEMENT =84E10,36/
1 10X+» TEMPERATURE DROP 24 E10,3e/
2 10X e *SHRINKAGE =%yEJ0, 3¢/
3 10Xs* CRACK SPACING =84E10,34/
& 10XKs® STEEL STRESS AT CRACK =8,£10,34/4
5 10Xe® STEEL STRESS BETWEEN CRACKS s8¢E£10.3¢/s
6 10X+% CONCRETE STRESS 2 E10,30/0
7 10X+ *CONCRETE MODULUS 204E10,34/4
8 16Xse DEVELOPMENT LENGTH =#4€L0.3s7/)

140 FORMAT{//+10X.®ERROR 15 DETECTED IN SUBRDUTINE DFBAR®./,
1

10X»%B6ND LENGTH IS5 NEGATIVE AND=®+E10,3+/¢
2 10X +®PROGRAM [S TERMINATEDS®)

RUNW VERSION FEB 74 16.51.064 23 JuL 75

401

“01

401
401
“01
401
w01

401

DFBAR

150

160

180
190
200
210

220

FORMAT

BN -

FORMAT

w A

FORMAT

t//+10X+* ERROR IS DETECTED IN SUBROUTINE TEMPSHR ¢4
10X2 = #4E10.30/y
10Xe® DELTAT = #4,£10.3)

1/77+10XKs#ERROR 1S DETECTED IN SUBROUTINE TEMPSHR #
10X+* STEEL STRESS AT CRACK =#9E10e30/y
10K+® STEEL STRESS BETWEEN CRACK =24E£10.04/
10X+* CONCRETE STRESS =8yE1043)

{777y 10Xs* ROOTS DO NOT SATISFY EQUATION @ ¢e/e 10Xy

1 » CHECK= % E10.3)

FORMAT
FORMAT
FORMAY

[/7¢10Xs® SOLUTION ONE DOES NOT MATCH SOLUTION Two =)
{//77/+30Xs%DELTA IS NEGATIVE®)}
(/210X *SDMETHING 15 WRONGe THE AREA UNDER STEEL STRAIN DI

1AGRAM 15 MOT EQUAL TO ALPHAS X DELTAT X XBAR / 2%,/)

FORMAY

§/7/+10Ke® AREA UNDER STEEL STRAIN DIAGRAM FOR FRICTIONLESS

ISLAB = #,£10.34//)

END

8ET
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SUBPROGRAM LENGTH
13

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNHENTS
10 17 20

- 3 - 201 30
50 - 252 10 - 267 8¢
106 - 167 tio - “01 120
150 - 530 160 - 551 180
200 - 623 210 - 627 220

EXTERNALS AND TAGS
RBAREX - $S00100 SART ~ 50062400 oUTPTC

BLOCK NAMES AND LENGTHS

aLockl - 12C01 BLOCKZ « 1755002 BLOCKI
BLOCKS = 30CO5 BLOCKS ~ 10C06 BLOCKC
BLOCKD = T66C11
VARTABLE ASSIGNNENTS
AA - 671 AAA - T65C02 AL
a - 6715 88 - 612 CHE
CONCRES - 105 CONSTR ~ 1752C04 ¢
ci2 - Tol ci3 - 162 Cla
c3 - 667 Ca - 670 o0
OELTA ~ 614 ola - 10C01 puMl
£S - S5C01 FEXP - 0005 L
P - 2C01 RATIO ~ 6C0Y REFF
R - Te7 R& - 110 55
STRAINC- 4C01 STRAREA~- 112 STRC
STRSR - 2C03 STRSC - 1C03 STRSCI
SIRSS] ~ T65C0T U - 0 WS
¥ - oCcio YEXP - 12005 vP
STARY OF CONSTANTS

%02
START OF TEMPORARIES

554
STARY OF INOIRECTS

[
STARY OF VARIABLES

664
SPACE REQUIREC YO COMPILE ~~ OFBAR

J4«100

DFBAR

4§ §$ 1 8 ¢ &t 1 3t

226
3z
413
603
Lheds

500306

6C03
1756C07

0C0s
aTé
665
703
673
mn
1755C07
165C10
fco2
3co3
0cor
7166C02
1762C)18

“0 -
30 -
148 -
190 -

ENO -

BLOCK& ~
BLDCKB -

ALPHAS
CHECK
cll

ce

DEL

LR 2NN R N 2NN BN B O

STRAIN
STRESSS~
STRSC2 -
KBAR -
YPITE -

237
363
506
Gle

500400

3724C04
3r26C10

icos
677
T80
666
Tos
2C06
664
106
765004
2737C0A
oCit
0£03
2741C10

RUNW VERSION FEB 74 16451206, 23 JUL 75

GE TME

MO0 ann

1g

20

3o

4«0

50

SUBROUTINE GETME IX1«Y1+X2Y2+F0QUT)

LR Y T Y e R SR s T T Y S Y PPy Y Y R P Y T T YL Y YY Y
THIS SUBROUTINE SOLVES FOR THE POINT OF INTERSECTION OF Tw0O ST
LINES « WHERE ONE OF THE LINES 1§ y2x .

THIS VERSION OF THE PROGRAM JOINS THE NEw POINT TO THE POINT
ON THE OTHER SIDE OF THE Y=x LINE ,

FERRBD Lo RS EELABN BRI P PN DR PSR PRNRRASRT LTI LO BRI RN NI R

PSA ANO PSY ARE STORED VALUES
BELOW THE EQUALITY LINE
SYX AND STy ARE STORED VALUES
ABOVE THE EQUALITY LINE

COMMON Z78LOCKZ/ SSIS01) sARAWNS(SO1 ) v MAXITE«CRACKN
COMMON /RLOCKS/ STXSTYPSXWPSYSITE
IF {(ITELEQ.2) GO To 1@
IF (x2~Y2) 40:140520
CONT INUE
DUNKZ=PSX=X)
DURYZzP5YsY ]
G0 Yo 30
CONT INUE
NUMRZZFS X
DUNY 2 mPSY
CONT INUE
DUMX 1 =STXuX2
UMY | x5TYaY2
G0 10 50
CONT INUE
QUMK | =STX
HUMY I=STY
NUMX22PSKeX2
NUMY2zPSY =Y 2
CONT INUE
FOUT= (DUMX200UMY | ~DUMR L DUMY2) / { (DUMX2-OUNX] 5 = (DUMY2-DUMYL )
RETURN
END

68T
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SUBPROGRAM LENGTH
sS

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

10 - 14 20 - 20 30 - 23 4“0 - 27
S0 - 3s
EXTERNALS AND TAGS
END - 500100
BLOCK NAMES AND LENGTHS
BLOCKZ - 1755C01 BLOCKS - sco02
VARJABLE ASSIGNMENTS
DUMx1 - S3 Dumxe - S1 DUMY]l =~ 5S4 DUMYZ2 = Se
ITE - 4C02 PSX - 2C02 PSY - 3C02 SS - 0col
STX - 0Cc02 STy - 1C02 wsS - 766C01
START OF CONSTANTS
46
START OF TEMPORARIES
46
START OF INDIRECTS
Sl
START OF VARIABLES
S1
SPACE REQUIRED TO COMPILE -~ GETME
32600

GETME

RUNW VERSION FEB 74 16,51.06. 23 JUL 75

———y P W WWWWWWWWW

——

13

17
23
27
33
a3
36
36

FRIC

10

[sXaXsl

20
30

0O 000

50

60

70
80

90

100

SUBROUT INE FRIC (F)

DIMENSION F {501}

COMMON /BLOCK1/ RATIOsTHICKsPsFFsSTRAINCI'ESsNTP1sUsDIASUNNT
COMMON /BLOCK2/ SS{(501)+AAAyWS(501)9sMAXTITE» CRACKW

COMMON /BLOC23/ XBARsSTRSCsSTRSB+STRCs» 1BABY,»ITEB

COMMON /BLOCK4/ AL(501)sSTRAIN(S501),CONSTR(501)STRESSS(S0L)
COMMON /BLOCKS/ FEXP(]0)sYEXP(10) sFRICMULSNTsFUSIFY

COMMON /BLOCK6/ ALPHACALPHAS+ECsFPCyTIMEZEP,TOL s 1TYPER
COMMON /B8L0C287/ Y(S01)sREFF(501),YP(S01)sHs ICLOSERsYPITE(S01)
INTEGER AAA

BEYOND=0,
IF (IFY.EQ.1) GO TO 10
IF (IFYL.EQ.2) GO TO 4«0
IF (IFY.GT.2) GO TO 90
CONT INUE
SLO7E=FRICMUL

COMPUTE FRICTION FORCES FROM STRAIT LINE GRAPH

D0 30 I=1,NTP1
F(I)=Y{]I)*SLOPE
IF (ABS(F (1)) .LE.FU) GO TO 20
1IF (F(1)+GT.0.0) F(I)=FU
IF (F{1)sLT.0.,0) F(I)==FU
CONT INUE
CONT INVE
GO TO 140
CONT INVE

COMPUTE FRICTION FORCES FROM PARABOLA
DO 80 I=xl,NTPI

IF (Y(1).XT.0.) GO TO SO
FUI)=FRICMUL*SQRT (ABS(Y(I)))
GO TOo 60
CONT INVE
FLI)==FRICMUL®*SQRT (Y(I))
CONT INVE
IF (ABS(F (1)) .LE.FU) GO TO 70
IF (F(1146T.0,0) F(l)=Fy
IF (F(I1sLT,0.0) Fil)=~FU
CONT INUE
CONT INUE
GO TO 140
CONTINUE
COMPUTE FRICTION FORCES FROM INPUT POINT CURVE
DO 130 I=1sNTPI1
DO 100 U=1»IWY
IF (ABS(Y(I)).LT.ABS(YEXP(L))) GO TO 110
CONT INUE
BEYOND=BEYONO+1.
FUI)=FEXP(IFY)}
GO To 120

o7l
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117
117
126
137
137
143

146
146
156
157
161
170
173
175
203
204

204
204

FRIC

110

120
130
C
C
C

140

150

190

200

CONT INUE
DUMDUM= (FEXP (J) =FEXP{J=1))/(ABS(YEXP (J} ) -ABSIYEXP(J=11))
FUI)=FEXP (J=1) «DUMDUM® (aABS(Y (1)) =ABS(YEXP(J=1))}
CONT INUE
IF (Y(1).6T.0.0) FiD)==F (I}
CONT INUE

COMPUTE THE TOTAL FRICTION FORCE

CONT INUE
IF (BEYOND.GT.0.) PRINT 199y REYOND
FF=0
DO 150 I=19eNTs2
FFaFFe (F(1) ¢4 ®F (1el)eF(1e2))®H/3,
CONT INUE
IF (LONGTR.NE.100) RETURN
PRINT 200y FW
RETURN

FORMAT (//+10Xs®IN COMPUTING THE FRICTION FORCES FROM MOVEMENTS®,/

1, 10X4FS5.0.® POINTS EXCEEDED THE MaX MOV ON F-Y CURVE®)
FORMAT (/,10X»* TOTAL FRICTION FORCE FROM FRIC =%,E10.3}
END

RUNW VERSION FEB 74 16.51.06, 23 JUL 75

SUBPROGRAM LENGTH
245

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

10 - 11 20 - 33
S50 - 52 60 - 61

90 - 100 110 - 117
140 - 146 190 - 212
EXTERNALS AND TAGS

SORT - $00100 OUTPTC = 00200
BLOCK NANMES AND LENGTHS

BLOCK] - 12C01 BLOCKZ - 1755C02
8LOCKS - 30C05 BLOCKG -~ 10€06
VARIABLE ASSIGNMENTS

AAA - 765C02 AL - 0C04
OUMpDUM - 243 FEXP - 0Cos
FU - 26C0S H - 2737€07
J - 242 LONGPR ~ 244
REFF - 765C07 SLOPE =~ 240
STRESSS- 2737C06 WS - 166C02
YP - 1752€07 YPITE ~ 2741C07

START OF CONSTANTS
205

START OF TEMPORARIES
234

START OF INDIRECTS
237

START OF VARIABLES
7

SPACE REQUIRED TO COMPILE =-~- FRIC
33500

FRIC

30

120
200

END

BLOCKI
BLOCKS

BEYOND
FF

1

NT

S$S

Y

33
15
137
227

$00300

6C03
3726C07

237
3c0)

241
25C0S
ocoz
ocor

40 -

130 -

BLOCKS -

CONSTR =~
FRICMUL ~
1FY -
NTP1 -
STRAIN -
YEXP -

36

143

3724C04

1752co04
24C0S
27C0S
6CO01
765C04
12c05

T
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41
“2
43
H4
60
64

104

126
13¢

DFWIREF

[aXsRulalsel

(s NaRaYala BN o)

[aReNel

[sXu ¥l

20

1

SUBROUTINE OWWIREF (F+BONDLsSTRMAXZ4DELTAT)

DIMENSTION FIU501)+SUM{S01)

COMMON /BLOC21/ RATIO¢THICKsPoFF STRAINCSsESeNTRLsUsD1A UNWT
COMMON /BLDCK2/ SS(SD1)sAAAWSI(S01) sMAXITE » CRACKW

COMMON /BLOC23/ XBARsSTRSC»STRSBGSTRC+1BABYs ITER

COMMON /BLOCK4Z AL {5013 +STRAINISO01) »CONSTRISD1I,STRESSS (SO
COMMON /BLOCKS/ FEXP (10} «YEXP {10) yFRICMUL +NT4FUs IFY

COMMON /BLOCKSGS ALPHAU»ALPHASYECsFPCTIMESEPTOL s ITYPER
COMMON /BLOCZ77 SIGMASC+SIGMASBINAWINAP L sE+A+SsDENOSNAP2
COMMON /BLDC28/ Y(SO1}+REFFIS01) 4YP{S01) +Mel1CLOSERSYPITE(SO])
REAL L

INTEGER AAA

COMRUTE THE STRAINS DUE TO FRICTION FORCES DEVELOPED
GUE TO SLAB MOVEMENT

EP=1,E-9
AZAAINTPL) «HONDL

IF (a.E.0.) 60 TO 50
NAzZA/He ) +EP
F=A~AL (NA)

IF INA,GT.NT} 60 TO 60

CONT INUE

NAP1=NA+]
NAP2=NA+2
NAM]=NA~1
NAMZ=NA-2

COMPUTE THE SLOPE TO THE STEEL STRaIN DISTRYBUTION CURVE BY
DENG=THICK® (P+ ], /RATI0Y

OIVIDING THE FRICTION FORCE BY OENGC AND CONSIDERING THE
SIGN CONVENTION ABOPTED IN T1$§ sTudY

cce SLOPELI} = =
SUML=0,
SUME=0.,

DO 20 I=].Nam}
SUME=SUMIs (2*NA- (2, %1 «13;38{~F (1) /DENOD)
SUM2z5UM2e (~F 113 /DENC}

CONTINUE

Ft1} 7 DENG

DEFINE CONSTANTS FOR SOLUTION OF EQUATIONS
Cl=l,el./(P*RATIO}

C2=((Z+DELTAT* {ALPHAC~ALPHAS) 1 #€CI /P
CIA=FF/(PeTHICK)

S==F {NAP1} /DENO

SOLVE FOR STRESS IN STEEL BUYWEEN CRACLKRS AND AT CRACK

DUMI=ALPHAS®AL (NTP1) ®DELTATOES—MepHeSUM] /2, ~E#HISUM2~SeEOE/24~ (H®
SUNMZ +S=E«C2-C3)*BONDL/2 .
ANA=NA
DUM2sH® (2 #ANA=2,) /2. +E« t {],C1 ) *BONDL) 72,

RUNW VERSION FEB 74 16.51.06, 23 JUL 75

140
142

145
154
161
171
174
1?7
201

208
210
210

211
217
223
223
233
237
237
255
255

255

255

DFWIREF

c

R aNalal

[aXsRaXzXs]

50

60

70

80
130

140
150

WE e N

SIGMASB=DUM] /DUM2
SIGMASC=CI®SIGMASB«C2~C3

CHECK FOR THE SUMMATION OF SYEEL STRESSES UNDER THE
STEEL DIAGRAM

Al=({ (2. %ANA=2,)*STGMASB-H*SUM] I *H) /2,
AZ= (2, SIGMASB o2, *HESUMZ « S 1 #E /2,
Adz (SIGMASBoH®SUM2 « S*EvSIGMASCI*BONOL /24
DUMIzALl+A2+A]
DUMZ AL PHAS®AL (INTP1 ) *DELTATHES
DUM3I=DUML ~DUM2

IF (aBSIDUMD) .GTW1.E-4) 60 TO 70

COMPUTE THE STEEL AND CONCRETE STRAIN AT EVERY INCREMENT
THE STYRAIN IS COMPUTED IN THE BONDED AND UNBONDED SECTIONS

CALL POIRES (FsBONDL+STRMAXSLOCMAXsZIDELTAT)
CONT INUE
RETURN
CONY INUE
PRINT 130, A
60 Yo 80
CONTINUE
PRINT 140¢ NAGNT
60 TO AD
CONTINUE
PRINT 160+ SIGMASCsSIGMASBsDUML+DUMZ,DUMI
CONTINUE
FORMAT (//+10X+*ERROR 1S DETECTED IN OFWIREF®./,
10Xs%A [S NEGATIVE AND =%*1E10.3)

1
FORMAY (/,20X,% ERROR [5 DETECTED #4/»

10Xe® NA = *»]5,10Xe* NT = %,]5)

1
FORMAT (//920Xs * ERROR 1S GETECTED * o/

10Xe ¥ STEEL STRESS AT CRACK =®sF10,3e7¢

10y & STEEL STRESS BETWEEN CRACKS =w.fl0.3+/¢

10X, * SUMMATION OF AL, AZ.AND A2 =*s€10,3¢/%

10xe ® ALPHA L DELTAT S zesE10 30/

10Xs * ABSOLUTE GIFFERENCE =es£10.3)
END

Nt
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SUBPROGRAM |ENGTH
1374

FUNCTION ASSTIGNMENTS

STATEMENT ASSIGNMENTS
10

- er 40
70 - 237 80
15¢0 - 313

EXTERNALS AND TAGS
POIRES ~ 500100

BLOCK NAMES AND LENGTHS
BLOCK] ~

BLOCKS = 30C05 BLOCKG
VARTABLE ASSIGNMENTS

& - SC07 AkA
ALPHAS ~ 1C06 ANA

A3 - 1371 CONSTR
ca - 1363 DENO
DUM3 - 1372 E

€S - 5C01 FEXP

1 - 1380 L

NAML - 1354 NAM2
NT - 25C0S NTP)
REFF - 765C10 §

$S - 0C02 STRAIN
SUM] - 1356 SumM2

START OF CONSTANTS
256

START OF TEMPORARIES
361

STARY OF INDIRECTS
366

START OF VARIABLES
366

ouTPTC

12C€01 BtLoCk2

aC10 YEXP

L2 T I T S R D R NN N B I

21¢
255

500200

1755C02
10€06

765C02
1365
1752C04
7C07
4C07
0C0S
1353
1355
6C01
6C07
765C04
1357
12¢08

SPACE REQUIRED YO COMPILE -- OFWIREF

34100

DFWIREF

50 -
130 -

END -

B8LOCKI -
BLOCKT -

-
-
E20E TN TN SN NN B B I )

SIGMASBe
STRESSSw
THICK -
P -

211
264

500300

6C03
11¢07

0CO04
1367
1361
1364

2¢06

1752C10

60 -
140 -

8LOCR& -
BLOCKS -

ALPHAC
A2

c2
oumM2
EP

[l

NA
NAPZ
RATIO
SIGMASC
SUM -
wSs -
YPITE =

L2 NN IOE BN N N B B

223
21

3724C04
3r26C10

oCos
13%0
1362
1366
506
2731C10
2Co7?
10Ca?
acal
oco?
kL
166C02
2741C10

RUNW VERSION FEB T4 16,51.06, 23 JUL 78§

R R R R R R B

43
45
46

54
55

73

3

DFWIRE

o000

[a Nl [aR el e

[aNaXel

10
20

SUBROUT INE OWWIRE (BONOL »STRMAX+Z,DELTAT)

LE Y L L Y LY Y YY)

THIS SUBROUTINE SOLVES FOR THE STRESS IN THE STEEL AND
CONCRETE FOR OEFORMED WIRE FABRIC ~NO FRICTION FORCES

ARE CONSTOQERED IN THE SOLUTION

LR T T Y T R Y Y YR A T Yy ]

COMMON /8LOCK)/ RATIOWTHICK sPsFF +STRAINCSES)NTPLsUsDIASUNNT

COMMON /8(.0C227 SS5(S501) s ARA+WS (5011 sMAXITE ¢ CRACKY
COMMON /BLOCK3/ XBAR»STRSC+STRSB,STRC.IBABY.1TEB

COMMON /BLOCK4/ AL (501} +STRAINISO1) s CONSTR(S01) ,STRESS5(501!
COMMON /BLOCKS? FEXP(10)+YEXP{10) « FRICMULINT4FULIFY
COMMON 781.0C267 ALPHACsALPHASSECIFPCoTIME+ERSTOL ITYPER

COMMON /BLOC2D/ STRASC215011+DIST

COMMON /BLOC277 SIGMASC+SIGMASBINAINAPL +EsA+SsDENDNAPZ
COMMON /78L0OC287 YI(SO1)»REFF(S01) . YP (5011 sHe ICLOSEBSYPITEISOL)

REAL L
OEF INE CONSTANTS

Cl=EC*2+FEC*OELTAT® (ALPHAC-ALPHAS)
C2=ALPHAS®L *OELTAT®ES
CI=BONDL/(2,%RAT]O) +PSL

SOLVE FOR STRESSES

STRC=(CI*Pe «C2%P/RATIO) /(3

STRSB= (~C1 *BONDL /2 ,+P*C2) /(3
STRSC*(C2/RATIOCI o (L~BONDL 72,3 «P*C23/C2
STRMAX=STRC

CHECK EQUILISRIUM - EQUATION 1

DUMI=STRC.PeSTRSA
DURZ=P*STRSC
IF (aBS{DUM]L-DUM2) 6T, )1.E~S) GO TO 10
SRAINC=STRC/EC
RETURN
CONT INUE
PRINT 203 STRCSTROB+STRSCDUNL »DUNZ
FORMAT {/7+10X+® ERROR 15 DETECTED *4/»
10Xe® EQUILIBRIUM IS NOT SATISFIED ®e/»

Lo g

E10.357410Xs® DUM]L = *,F10.3,5Ks% pUNZ =
END

10Xa® STRC = #9E)lD43+5Xs® STRSEB = #4E£10,3+45%X¢® STRSC =

€T



RUNW VERSION FEB T4 16,51.06., 23 JUL 7S5
SUBPROGRAM LENXTH
144
FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMENTS
10 - sS 20 - 101
EXTEANALS AND TAGS
OUTPTC - S00100 END - 500200
BLOCK NAMES AND LENGTHS
BLOCKI =~ 12€c01 BLOCKZ = 1755C02
BLOCKS = 30C0S BLOCKS - 10C06
8LOCKS - 3T26C11
VARJABLE ASSIGNMENTS
AL - 0C04 ALPHAC = 0co6
cl - 136 c2 - 137
ouUMZ - 142 EC - 2C06
L - 135 P - 2c01
SRAINC - 143 SS - 0co02
STRESSS~- 2737C04 STRSPE - 2C03
wS - 766C02 Y ocll
YPITE = 2741C11
START OF CONSTANTS
74
START OF TEMPORARIES
133
START OF INDIRECTS
135
START OF VARIABLES
135
SPACE REQUIRED TO COMPILE -~ DFWIRE
33100

OFWIRE

8LOCK3
BLOCKO

ALPHAS
(o]

ES
RATIO
STRAIN
STRSC
YEXP

6C03
766C07

1C06

5C01
0col
765C04
1€03
12¢c0s

BLOCK&
BLOCK?

CONSTR
DuM]
FEXP
REFF
STRC
STRSC2
YP

3724C04
1iclo

1752C04
141
0C0S
765C11
3co3
0co?
1752C11

RUNW VERSION FEB 74 16.51.06, 23 JUL 75

— et b b s b
— b b o e b Bt o b

11
12
13
14

17
23

26

27
30
36
&l
46

s3
Sé
S
54
62
70
73
76
101
103
105
107
116
115
124
126
142
lad
167
150
150
150
160
171
175
177

POIRES

20

30

SUBROUTINE POIRES (F+BONDLsSTRMAX.LOCMAXs2+DELTAT)

DIMENSIDN F (501)sSUM(S01)

COMMON /BLOCK1/ RATIOsTHICKsPoFFsSTRAINCIESINTPLsUsDTA+UNWT
COMMON /BL0C22/ SS(S01)+AAAWS{S01) sMAXITE»CRACKW

COMMON /8L OCK3/ XBARySTRSC+STRSB+STRC+IBABY, ITER

COMMON /BLOCK&/ AL (501)+STRAINIS01) +CONSTRISOI)+STRESSS(S01)
COMMON /BLOCKS/ FEXP(10)+YEXP(10)+sFRICMULNT,FU, IFY

COMMON /BLDC26/ ALPHACYALPHASsECIFPCyTIMELEP,TOL+ITYPER
COMMON /BLDCKT/ SIGMASCsSIGMASBINAINAPLIEsAsSsDENOINAP2
COMMON /BLOC28/ Y{501)+REFF(S0])+YP{501)sHeICLOSEBsYPITE(S0])
INTEGER AAA

REAL L

11=NAP2

SUM3=0,

SUM&=0,

STRESSS{1)=SIGMASB

SS(1}=STRESSS(1)/ES

STRAIN(1)=2SS(1) ¢Z«DELTAT®(ALPHAC-ALPHAS)
CONSTR(1})=STRAINC(]) #EC

LOCMAX=2])

STRMAX2CONSTR (1)

DO 20 I=2,NA
STRESSS (1) #STRESSS(I=1)+H* (-F () /DENO}
SS(1)=STRESSS(I)/ES
STRAIN(])eSS(]1)+Z+DELTAT® (ALPHRAC-ALPHAS)
CONSTR({I)sSTRAIN(1) ®EC
1F (CONSTRU(I).LT.STRMAX} GO TD 10
STRMAXSCONSTR(])
LOCMAX=1
CONT INUE
SUM32SUM3+ (SS(I)SS(1-1))*H/2,
SUMGzSUMb s (STRESSS (1) oSTRESSS(I=1))%K/2,
CONT INUE
ADDI=STRESSS (NA) ¢SeF
ADDIAR= (STRESSS (NA) «ADDI) ®*E/2.
SUM3I=SUM3+ (ADOIAR) /ES
SUM&=SuM&4 +ADDI AR
SLOTE2=(SIGMASC~ADDI } /BONOL
ADDIC=ADD1/ES*Z+DELTAT® (ALPHRAC-ALPHAS)
SLOTECC=-ADDI/BONOL
STRESSS(NAP1)=ADDI+ (AL (NAP]1)=A) ®*SLOPEZ
SSINAP112STRESSS(NAPL}/ES
STRAININAP 1) =ADDIC~F (NAP]1)®H/ (THICK®EC}~ (STRESSS(NAP1)-ADDI)*P/EC
CONSTR(NAP]1)xSTRAIN(NAP]) *EC
1F (CONSTR{NAP1) .LT.STRMAX) GO TO 30
STRMAX=CONSTR (NAP])
LOCMAXaNAP)
CONT INUE
SUM&=SUMG « (STRESSS INAPL) «ADDI) * (AL (NAP] ) =A} /2,
SUM3I=SUMI« (STRESSS (NAP 1) «ADDI) * (AL (NAP1)=A}/(2,%ES)
IF (NAJEQ.NT) [1=NaPL
DO SO 1=11sNTP]
STRESSS(I)=ADDI« (AL (1)-A)*SLOPE2

791
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205
210

224
227
231
232
233
233
24}
267
251
252

POIRES

490

S0

§S(I)=STRESSS{]1 /€S
STRAIN(I)=STRAIN(I=1}=F (1} 2H/ (THICK*EC) ~ (STRESSS (I =-STRESSS (11118
PrEC
CONSTRITI=STRAIN(]) #€C
IF (CONSTR(1).LT.STRMAX) GO To 48
STRMAX=CONSTR (1)
LOCHAX =]
CONT INUE
SUMI=SUMIe (SS(T)eSStI-1)yens2,
SUMG=SUMGs (STRESSS11) ¢STRESSS(I~1) 18m/2,
CONTINUE
RE TURN
END

RUNW VERSION FEB T4 16.51.06. 23 JUL 75

SUBPROGRAM |LENGTH
1267

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

1¢ - 54 30
EXTERNALS AND TAGS

END - SQ0100

BLOCK NAMES AND LENGTHS
BLOCKY ~ 12€01 BLoCk2
BLOCKS = 30C05 BLOCKG
VARIABLE ASSIGNMENTS

A - SCO7 AAA
ADDIC - 1265 AL
CONSTR =~ 17520064 DENO
£5S - 5C01 FEXP
It - 1256 L

NAPZ2 - 10C07 NT
REFF - 765C10 $
SLOPECC- 1266 SLOPEZ
STRESSS~ 2737C04 SUM
THICK = 1col ws

YP - 1752C10 YPITE

START OF CONSTANTS
253

STARY OF TEMPORARIES
285

START OF INDIRECTS
264

START OF VARIABLES
270

LN TN N I B IO T SN N B 1

150

1755C62
10Cos

765C02
0C04
7C07

766C02
2741C10

SPACE REQUIRED TO COMFILE =~ POIRES

34000

POIRES

“0 -

BLOCK] -
BLOCKT =

AO001
ALPHAC
£

H

N&
NTp]
SIGMASB=
55 -
SUM3 -
Y

233

6C03
11¢07

1262
0Coé
“COr

_2737C10
2¢07
6Co1
icoz
0coz

1257
oCio

BLOCKS =
8LOCKkE

ADDIAR
ALPHAS
€C

1

NAPL

»
STGMASC~
STRAIN -
SUNG -
YEXP

3724C04
3726C10

1263
iCoe
2C06

1261
3Cor
2001
0co?

T65C0

1260

1205

ST
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S IMPSPE

[aRaX el

20

SUBROUTINE SIMPSPE (YsNeHsSUM)
OIMENSION YN} +SUMINY

THIS SUBROUTINE COMPUTES THE AREA UNDER A DISTRIBUTION USING
SIMPSONS RULE WilTH & SPECIAL MODIFICATION

DO 10 I=l.N
SUM(T}=0,

CONT INUE
SUM (1) =0,
Alz(Y(1)sY(2)200/2,
AOLD=AL
SUM {2} =A0LD
HNM] =N-]

00 20 I=2.NM1
ASELY{I=1) ek, ®YL{])oY I*1))%H/3

A=AS~ADLD
SUM(I+1)=SUNMLT)+A
ADLD=4

CONT INUE

RETURN

END

RUNw YERSION FE8 T4 16,51.06. 23 JuL 78
SUBPROGRAM LENGTH
57

FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMENTS

EXTERNALS AND TAGS
END - Ssoo0i00

BLOCK NAMES AND LENGTHS

VARIABLE ASSIGNMENTS

A - 56 AQLD - 53
1 - 51 NM1 - G4

START OF CONSTANTS
45

START OF TENPORARIES
&7

START OF INDIRECTS
51

STARY OF VARIABLES
S1

SPACE REQUIRED TO COMPILE -~ SIMPSPE
32500

SIMPSPL

AS - 55 Al

s

9%t
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~ W o R I R

STRGENE

OO0

1¢
26

SUBROUTINE STRGENE (8ONDL !
GECCRR RN TRV QBN IO O RRRVCP DD TICSITCEBRNVIURR PN BUBRRAVGBGGGREGNDOOEIDO

THIS SUBROUTINE GENERATES THE STRAIN IN THE CONCRETE AT

EVERY STATION IN THE FRICTIONLESS SLAB ,

RESULTS OF SUBROUTINE TEMPSHR ARE USED -( NO FRICTION )
GREFEBRQ VIR ARR RN ER RN AR REDQGURRD QO RGN RRT U E QU ERVEV SV GG ORNANGGRGOOT
COMMON /BLOCKLZ RATIOSTHICK P FF ¢STRAINCYESsNTRLI +UsDIA» UNWT
COMMON  /BLOC22/ SS{S011+AAASNS(50]1) MAXITECRACKY
COMMON /BLOCK3/ XBAR'STRSC»STRSB4STRCy IBABY, ITEB
COMMON /BLOCK4AZ AL (501} sSTRAIN(S01) +CONSTRISOL)»STRESSS (S501)
COMMON /BLOCKS/ FEXP(10) sYEXP (10} sFRICMUL«NT3FU, IFY
COMMON /BLOC26/ ALPHACYALPHASVECSFPCyTIME+EPsTOLITYPER
COMMON /8100287 Y{S01)+REFF (S01)+YP(S01) +HsICLOSEB»YPITE(S0]
COMMON /BLOC2C/ STRSCI(SO01) »5TR5S1(S011 s INCIFRF4FYaL
INTEGER AAA
REAL

A={ ~BONOL
HHz~H
00 20 1=1,NTP}

STRAIN(IY=STRAINC
ALEI) 2MH oM
HH=AL (1)
IF (ALUD) sLE.AY GO TO 10
STRAIN{T )} =STRAINC~STRAINC® (AL (I} =R) /BONOL
CONT INUE
CONSTR{13=STRAINC(II*EC
CONT INVE
RETURN
END

RUNW VERSION FEB 74 16,51.06. 23 JuL 75

SUBPROGRAM (ENGTH
37

FUNCYION ASSIGNMENTS

STATEMENT ASSIGNMENTS
10 - 26

EXTERNALS AND TAGS
END - S00100

BLOCK NAMES AND LENGTHS

BLOCK] - 12C01 BLOCKZ
BLOCKS - J0C0S BLOCKS
VARTABLE ASSIGNMENTS

A - 34 AAA

EC - 2006 FEXP

1 - 36 L

S5 - 0C02 STRAIN
STRSC]1 = 6C10 STRSSI]
YEXP - 12¢05 YP

START OF CONSTANTS
33

START OF TEMFORARIES
33

START OF INDIRECTS
34

STARY OF VARTABLES
34

1755¢02
10C06

765C02

1752¢07

SPACE REGUIRED YO COMPILE -~ STRGENE
327100

STRGENEL

BLOCKI -
BLOCKS -
AL -
M m
NPl -
STRAINC
w5 -
YPITE =

6C03
3r26C07

0C04
2737C07
6C01
4C01
766C02
27641C07

BLOCKS -
BLOCKC ~

CONSTR -
HH -
REFF -
STRESSS~
Y

3I724C06
1796C10

1752C04
35
T65C07
2737C04
ocor

Lyt
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POPOROCRCPOPO

113
120

BACKYIM

(2B e NeXaKsl

(e Xal

10

20

30

o000

a0

50

OO0

SUBROUTINE BACKTIM (TENSTRNyZTOT.Z3

LR Y Y T T Y T Y T Ty Y Y A s Y T Y Y ¥

THIS SUBROUTINE CALCULATES THE TIME DEPENDENT VARJABLES FROM

THE COMPUTED STRENGTH ON THE LINE OF EQUALITY OF STRESS -
STRENGTH CURVE .

LA 2 R ey R T R T T Y R 2T 2222 2 2 2 2

DIMENSION PERCENT (8)«AGE (8)

COMMON /BLOC21/ RATIOWTHICR sPFF s STRAINCSESeNTPI4UsO 1A UNWT
COMMON /BLOCKZ/ SS(SO1)sAAAYWS (SO sMAXITE sCRACKN

COMMON /BLOC23/ XBARSTRSCASTRSB.STRCIBABY,1TER

COMMON /8LDCK&/ ALUSOL)sSTRAINISOL I +CONSTRISHL Y+ STRESSS (501
COMMON /BLOCKS? FEXP(IGI sYEXPIIOY +FRICMUL Y NTFUSIFY

COMMON /BLOCKE/ ALPHACSALPHASsECFPCTIMESEPTOL « 1 TYPER
COMMON /BL0OC28/ YISOLIsREFF(S011,¥P{S01) +Hs ICLOSERYPITE(SO])
COMMON /BLOCKIO/ NSTRANSVDS«AGEU(20) s TENSIONI20) o STRNMUL
DATA AGE/0+93.93695.97e1144321 4228,/

DATA PERCENT/0.s154+38.¢53,463.4082,¢94,4100,/

INTEGER aaA

IF (NSTRN.GT.0.) GO TO 30
FLESTRN=TENSTAN/STRNKUL
COMSTRS (12000 ¥FLESTRN) /(3000 ,~3 ,%FLESTRN?
PERTOM= {ICOMSTRAFEC) #1100,
EC=33.*(UNNT**] 53 «SORT (CONSTR)
QATIO=ES/EC
UZ9,5*SQRT (COMSTRY /DA
IF (U.6T,800.) U=B00.
DO 1D I=1.8
Jei
IF (PERCOM,LE.PERCENT(])) GO TO 20
CONT INVE
PRINT B0s PERCOM
60 1o 70
CONTINVE
TIME= (PERCENT ( J) =PERCENT (=)} ) /{AGE {J) ~AGELU~1))
TIME=AGE (J=1)+ (PERCOM-PERCENT (J=11) /TINE
60 7O 60
CONT INUE

COMPUTE THE TIME CORRESPONDING
TO TENSILE STRENGTH

DO 40 1=14NSTRN
J=1
IF (TENSTRN.LE.TENSION(IV) GO TO SO
CONT INUE
PRINT 90, TENSTRN
60 Y0 70
CONTINUE

COMPUTE SLOPE BY LINEAR INTERPOLATION

TIME= (TENSIONt . ~TENSION(J=1)) /7 (AGEUL ) ~AGEULtI=1 )2
TIMESAGEU(J=11« (TENSTRN-TENSIONIJ~1) ) /T INE

RUNW VERSION FEB 74 16.51.06, 23 JuL 75

124
124
132
136

137
137

137

137

BACKTINM

C

[of

&0

10
80

90

CONT INUE

RETURN
CONTINUF

SHRN=Z2EHEXP (0, 36%v05)
ZE{TIMEZ (SHAN«TINE 1 %2107

FORMAT (//+]10X+¥ERROR IS5 DETECTED IN SUBROUTINE BaCKRTIM.#s/

10X #THE CONPUTEOQ PERCENT COMPRESSION IS GREATER THAN 1

1
2E MAXIMUM PERCENT AVAILABLE®+/»

3
&4

10X« *PERCOM =%€10,3+/»
10X+ *PROGRAM 1S TERMINATED®)

?ORHAT (77+10X+*C€RAOR 1S DETECTEQ IN SUBROUTINE BACKTIN,#,7,

10X+*THE COMPUTED TENSILE STRENGTH 1S GREATER THAN THE

ZAXIMUN STRENGTH PROVIDEQ BY THE USER#s/»

&

END

TO0X+#TENSTRN=®E10,347/,
10X+ #*PROGRAM IS TERMINATED®}

8yl
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SUBPROGRAM LENGTH
362

FUNCTION ASSIGNMENTS

STATEMENT ASSTGNMENTS

20 - 62 30

10 - 137 80
EXTERNALS AND TAGS

SART - S00100 REBAREX
END ~ 500500

BLOCK NAMES AMD LENGTHS
BLOCK] -

BLOCKS ~ 30C05 BLOCKS
VARTABLE ASSIGNMENTS

ARR - T65C02 AGE
COMSTR - 27% CONSTR
£S - 5C01 FEXpP

i - 217 4
PERCOM = 276 RATIO
55 - 0C02 STRAIN
TENSION= 26C10 TINWE
vos - 1C10 w$

YP - 1782C07 YPITE

STARY OF CONSTANTS
148

STARY OF TEMPORARIES
251

START OF INDIRECTS
254

START OF VARIABLES
254

12C0) BLOCKZ =

J N I 2N T B I ]

73 50 - 113
154 90 - 213
s00200 QUTPYC - 500300
1755C02 BLOCK3 - 6C03
10C06 BLOCKS - 3726C07
264 AGEU - 2c10
1752C04 OIA - 10C61
0C05 FLESTRN- 274
300 NSTRN = ocle
0CO1 REFF - T65C0T
765C04 STRESSS- 2737C04
4C06 U - Tcol
766C02 Y - 0Ccoy

2761€07

GPACE REQUIRED TO COMPILE -- BACKTIM
33500

BACKTIM

60 -

EXP -

BLOCKG =
BLOCK IO~

aL -
£C -
FPC -
PERCENT~
SHRN -
STRNMUL=-
UNWT -
YEXP -

124

500400

3724C04
S5icie

0Cos
2C06
3Cos
254
30
52C10
11col
12¢08

RUNW VERSION FEB 7¢ 16,51.06. 23 JUL 75

DELTEM]

aOOo0n

10

20

“0

130

SUBROUTINE DELTEM] (TIME.DELTAT)

THIS SUBROUTINE RETURNS THE TEMPERATURE DRO® AT NON-
INTEGER TIMES,

COMMON /BLOCK12/ DT(50) aNTEMP ¢NTIFLAGsUPINC + OOWNINC
DO 10 ITIMES] NTEMP
REA3TI=FLOAT(ITIME)

IF (REALTI.GT.TIME) GO TO 20
CONT INUE
PRINT 130, TIME+REALTI
STOP 66
CONTINUE
DTIME=TIME=(REALTI~1)
IF({DYIME,EQ.0.)GOTO &0
OELTAT=DT (1TIME) »DY IME
RE TURN
DELTAT=DT(ITIME)}
RETURN

FORMAT (» ERROR IN DELTEM] TIME = #,£10,322REALTI = #4£10.3)

END

61
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SUBPROGRAM | ENXTH
56 SUBROUTINE DELTEMP (TIME+DELTAT)

C (I XXXz X 2222222222222 2222l yy]
FUNCT1ON ASSIGNMENTS C THIS SUBROUTINE CONTAINS THE INCREMENTAL TECHNI]QUE
C FOR TEMPERATURE TIME DATA, A SINE WAVE IS FIT
STATEMENT ASSIGNMENTS C THROUGH EACH DAY, THE ROUTINE HAS THREE OPTIONS,
20 - 26 40 - 36 130 - 44 C
c DELTEMP INCREMENTS UP BY UPINC IF NTIFLAG = 1
EXTERNALS AND TAGS C INCREMENTS DOWN B8Y DOWNINC IF NTIFLAG = -1
QUTPTC - 500100 STOP - S00200 END - S00300 C 1T GIVES THE TEMPERATURE DROP AT TIME IF NTIFLAG = 0
C B0OE 0RO RRRO000R R R0 000000000000 00000000R 000000 RRRRRRRRRO0OROO00G
BLOUK NAMES AND LENGTHS S COMMON /BLOCK12/ DT (50) «NTCMPsNTIFLAGsUPINC+DOWNINC
BLOCK 12~ 66C01 E] P1=3,14159265359
6 D0 10 ITIME=]1,NTEMP
VARIABLE ASSIGNMENTS 10 REA3TI=FLOAT(ITIME)
o7 - 0C0l DTIME ~ SS ITIME - s3 NTEMP = 62C01 12 IF (REALTI.GT.TIME} GO TO 20
REALTI - Sa4 15 10 CONTINUE
17 PRINT 130, DELTAT,TIME
START OF CONSTANTS 26 STOP 66
4l 30 20 CONT INUF
30 IF (TIME.GT.REALTI-.7S.A,TIME,LT.REALTI-.25) GO TO 30
START OF TEMPORARIES %S DELTAT=0,
52 46 GO0 TO 40
46 kD] CONT INUE
START OF INDIRECTS 46 DELTATaDT(ITIME) #*SIN((TIME=REALTI¢,75)22.2%P])
s3 s7 40 CONTINUE
s7 IF INTIFLAG) 100+80+5S0
START OF VARIABLES 61 S0 CONTINUE
S3 61 DELTAT=DELTAT+UPINC
63 IF (TIME.XT,REALTI=.S) GO TO 90
SPACE REQUIRED TO COMPILE -~ DELTEM] 70 IF (DELTAT.GE.DT{ITIME) «UPINC=1.E~7) GO TO 90
32500 To IF (DELTAT.LE.DT(ITIMEY) GO TO 120
76 60 CONT INUE
76 DELTAT=DT (]TIME)
100 70 CONTINUE
100 TIME=KEALT]=,S
102 8¢ CONT INUE
102 RETURN
103 90 CONTINUE
103 REA3TI=REALT[*1.
105 1TIME=ITIME-]
107 DELTAT=DELTAT=UPINC
111 IF (ITIME+GT.NTEMP? GO TQ 70
114 1F (DELTAT,GELDT(ITIME)) GO TO 60
116 60 TO 120
116 100 CONTINUE
116 DELTAT=DELTAT~DOWNINC
120 IF (DELTAT) 11041104120
121 110 CONTINUE
121 NELTAT=0,
122 L3 IF (TIME+LEREALTI-.S) TIME=REALTI-,75
130 IF (TIME«GT.REALTI-.5) TIME=RFALTI.,25
135 RETURN
136 120 CONTINUE
136 TPLUS=ABS(ASIN(OELTAT/DT(ITIME) )}/ (2,%P])=.25)
151 IF (TIMEsLE.REALTI=,5) TPLUS=-TPLUS

DELTEM] DEL TEMP

0ST
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156
161
161

161

DELTEMP

130

TIME=REALT [ «TPLUS=,5
RETURN
FORMAT (& END OF TEMPERATURE ARRAY ENCOUNTERED®,/+* DELTAT =2¢4F6,3
19% TIME =8sF6,3)
END

RUNW VERSION FEB 7¢ 16,5106, 23 JUL 75

SUBPROGRAM LENGTM
3

FUNCTION

ASSTGNMENTS

STATEMENT ASS [GNMENTS

20 -
60 -
160 -

30 30 - 46 40
76 70 - 100 80
116 110 - 121 120

EXTERNALS AND TaGs

QUTPTIC -
END -

s00100 stop -~ 500200 SIN
5060500

BLOCK NAMES AND LENGTHS

BLOCK1Z-

VARIABLE
DOWNINC~
NTIFLAG~
UPINC -

START OF
162

START OF
204

STARY OF
207

START OF
207

66C01

ASSIGNMENTS
65C01 DT - 0CO01 1TIME
63c01 PI - 207 REALTI
&6CO1

CONSTANTS

TEMPDRARIES

INDIRECTS

VARIABLES

SPACE REQUIRED TO COMPILE -~ DELTEMP

33200

DELTEMP

57
102
136

500300

210
211

50

130

ASTN

NTgEMP
wLus

61
103
174

00400

62C01)
212

I6T
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APPENDIX 4. SAMPLE PROBLEMS

T OF PRCGRAM=MODEL)

LR AR A AL ER 2 AL 222222 I bR e rs e Ty y

® ®
™ SLAR DIMEMSIONS *
" ®

T2 a2 L2222 2222222 2 DA YIRS L PR a Ry e e Y

SLAR LENGTH = 6,000E40)
SLAR wIDTH z 2,400F40)
NUMBEK OF INCREMENTS= 100

FRICTION FACIOR = 2.000F400
MAX, CRACKWIODTH = 3,000F-02

NON=RE INFORCEMENT OPTION

BHVBUBBEBORP OBV RBBOBODP VO RRRRBR SO ISR B B BRBY

& *
» STEEL PROPFRTIES @
» #*

SRBRUREGRDPRONGRRBRBOORBB OB NN BasRBYRSBRgRRRED

TYPE OF LONGLTUDINAL REINFORCEMENMT T
ULFORMED RARS

PeRCFAT REINFORCEMENT = 0o

8AR DIAMETER = 64280E=0]
YIELD STRESS = heOCnEeDa
ELASTIC MODULUS = 2.900E+07
THERMAL COEFFICIENT = R,00nE~-08

ghdeotdpaspdiacndapitatandapadanditagoaetadtoadabts

& +
@ CONCRETE PROPERTIES bt
° )

Y2222 20 F AL 2 2222222 2 Y YL ey al kL Y L) L)

SLAB THICKNESS = 1.,000E40)
THERMAL COEFFICIENT = 6.000E-06
TOTAL SHRINKAGE 2 4,000E~04

UrlT WEIGHT CONCRETE= 1.440F402
CCMPRESSIVE STRENGTH= 4,000F+03
(TENS/FLEXIRATIO = 64666F-0]

TENSILE STHEMGTIH DATA

155
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NC TENSILE STRENGTH DATA IS yNPUT BY USER

THE FOLLOWING AGE-TENSILE STRENGTH RFLATIONSHIP
IS USED WHICH 1S BASED ON THe RECOMMFNDATION
GIVEN BY UeSe BUREAU OF RECLAMATION

AGE. TENSILE
(DrYS) STRENGTH

fe0 00

1.0 6.9

3.0 183.6

Se0 2309

Te 25746

14,0 3003

21.0 323.0

2RO 333.3
YT YT Y YT YT T Y YT YT Y VY Y PUVTTY TT VY PRGN T PR Gy o
™ ®
® SLAB'QASE FRICTION CHARACTERISTICS b
- F=Y RELATIOMSHIP )
™ ®

2T LYY Y YL R YR PR Y FY YOS T Y YTy T Y 1
TYPE OF FRICTION CURVE 1S A €yRalGHT | INE

MBXIMUM FRICTION FORCE= 3.000
MCVEMENT AT SLIDING = ~=,41¢

Y2222 22T XXX 22222222 XYYy Y]

° °
@ TEMPERATURE DATA ®
o o

2222222222322 222022 222222 2 Y02 2 )

CUZING TEMPERATURE= 75,0

MINIMUM NROP 1IN
Day TEMPERATUKE TEMPERATURE
1 55.0 20,0
2 55,0 20,0
3 5540 20,0
4 55.0 20,0
5 55.0 20,0
6 55.0 20,0
7 55,0 20.0
8 55.0 20.0
9 55.0 20.0
10 55.0 20,0
11 55.0 2040
12 55.0 20,0
13 55.0 2040
14 55.0 20.0
15 55.0 20,0
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16 85,0 20.0

17 5.0 20.0

18 5540 ?0.0

19 55,0 2060

21 55,0 20.0

22 55,0 20.0

23 55,0 2040

24 55,0 20,0

2% 55,0 2040

26 55.0 20.0

27 55,0 20.0

28 55,0 2040
MINIMUM TEMPERATURE EXPECYED aFTER
CONCRETE GAINS FULL STRENGTH = 0 DEGREES FARENHITE

P2 22322 AL AR 222 2222 2R LA Rttt ey L g

& . L
& ITEKATION AND TOLERANCE COMTROL hd
& *

P22 222X T YR A0 A S22 2t YL YRy A s Ly YLl al

FAXIMUM ALLOWAHLE NUMKER OF ITERATIONS= 20
RELATIVE CLOSURE TOLERANCE= 140 oERCENT

FOR THE GIVEN INPUT DATAs THE LENGTH OF THF NON=-
REINFORCED SLAB 1S 1,B00E+02 INCHES.
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T OF PRCGRAM~-MODEL]

Qi##“QQ###Q“###ﬂﬂb#########G“..###QQ#“##}#&.####
; .

° @
@ SLAR DIMENSIONS o
o @

#G“#G#ﬂﬂ###ﬂ##ﬂ.#####Q##ﬂ###“####0}0###“6#&###9'

SLAB LENGTH = 6,000E+401
SLAB wIDTH = 2.400E40
NUMBER OF INCREMENTS= 100

FRICTION FACIOR = 2.000E400
MAX, CRACKWIDTH £ 3,000FEa02

STEEL ~ESIGN OPTIUN

IR AR AR Al by Y YRl liTIyYye ey Y Yy ey

r'S L
» STEEL PROPERTIES ®
o L

L XA XA AL L ALl i2 el ey y ey sy

TYPE OF LONG1TUDINAL REINFOOCEMENT 1¢
DeFORMED BARS

PERCENT REINFORCEMENT = (0.

BAR DIAMETER = 6e250E=-01
YIELD STRESS 3 6.000E404
ELASTIC MOOULUS 2 2.900E.07
THERMAL COEFFICIENT = §,000E~06

(XXX L LR L2 L2y s ey ey e Yy

o @
@ CONCRETE PROPERTIES ol
a @

sttt batpataoatataattontoattatbogontabotghatn

SLAB THICKNESS = 1.000E401
THERMAL COEFFICIENT = 6.000F=06
TCTAL SHRINKRAGE £ 4.000E~04

UNIT WEIGHT CONCRETE= 1,440F«02
CCMPRESSIVE STREMGTH= 44000F+03
{TENS/FLEX)RATIO = 6.666E-01

TENSILE STRENGTH DATA
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(22223 Y2222 2 2.2 % 2% ¥

NC TENSILE SYRENGTH DATA IS YNPUT BY USER

THE FULLOWING AGE~TENSILE STRENGTH RpLATIONSHIP
IS USED WRICH IS RASED ON THF RECOMMENDATION
GIVEN BY U.Ss RUREAU OF RECLAMATION

AGE, TEMSILE
(DAYS) STRENGTH

na0 090

1e6  R6.9

3.0 183.6

S.0 23049

Te0 25746

1440 30043

21.0 323.0

28.0 333.3
CYTIXIR IR YT LRTL RS2 R 2T 2212 T X222 X 2 P 2 Y 1 X )
F-Y *
. SLAB=BASE FRICTION CHARACTERISTICS bl
» : FeY RELATIONSHIP ]
» *

DEDBGBRRBORRCRNVRITRIRRBRBORONRRRRELOERBRBN GO RNER
YYPE oF FRICI10ON CURVE IS A STRAIGHT L INE

MAXIMUM FRICYION FORCES 3,000
MOVEMENT AT SLIDING z -.0l0

rTI XTI YIS L2222 2222 Y% 223

* »
» TEMPERATURE DATA *
& »

SHERBBRAVVGRBNORRRTBDRBBORNOON

CUDING TEMPERATURE= 75,0

MINTMUM DROP IN
DAY TEMPERATURE  TEMPERATURE

1 55,0 20,0
2 55.0 20,0
3 55,0 20,0
e 55.0 20,0
5 55,0 2040
6 55,0 20,0
7 55,0 2040
8 55,0 20.0
9 55,0 2040
10 55,0 20.0
11 55.0 20.0
12 55,0 2040
13 55,0 2040
14 55.0 20,0
15 55,0 20,0
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16 55,0 20,0
17 55.0 2040
18 55.0 20.0
19 88.0 20.0
20 5540 20.0
21 55.0 2040
22 55.0 2040
23 58,0 20,0
24 55,0 2040
25 55,0 20.0
26 55,0 2040
27 55,0 20.0
28 55,0 20,0

MINIMUM TEMPERATURE EXPECTED AFTER
CONCRETE GAINS FULL STRENGTH = 0 DEGREES FARENHITE

LA AR AR 2 A A AL DAL AN AT Y YL T LYYyl 2 Yy e Y Yy X

# @
& ITERATION AND TOLERANCE COMTROL &
® @

LR 2222222 L2 2R s 21 a2 sl ss il e ye Y ey yyyy

MAXIHMUM AL LOWAHLF NUMBER OF ITERATIQNS: 20

RELATIVE CLOSURE TOLERANCF= 1.0 PERCFNT

FOR ITYPER EQUAL TO 1y ThHE IRANSVERSE STEEL IS 5,333E=02 PERCENT SPACED. 54752E+0°
INCHES cEMTER TO CENTER,
WICTH OF FLIRST CRACK IS +0084 INCHES AT TrME «4791 DAYS,

WICTH OF FLIRST CRACK 15 +00B7 TNCHES AT TIiME +4p60 DAYS,
WICTH OF FLIRST CoACK IS +00B9 INCHES AT TrME 4027 DAYS,
WICTH OF FIRST CRACK IS +0093 INCHES AT TiME +5n48 DAYS,
WICTH ¢F FIKWST CRACK IS +0095 INCHES AT T1IME «5000 DAYS.
WICTH OF %IRST CRACK IS +0103 INCHES AT Trmg «5176 DAYS,

AT THE FAD OF 28 DAYDS NO SECOND CRACK QOCCURg
LCNGITUDINAL STEEL =  T+173k=D1 PFRCENT.
SPACED = 4.2T7TE+00 INCHES CENTER TO CENTER



T OF PRCGRAM-MODEL]

SREGEREBBDpRSQBOR USROS RERGOOBOR OB RN RBREgORDNS

& L]
@ SLAB DIMENSIONS ®
& *

EITETTFYETT T LLL LT TYTRTTLTETT TR TL TP L 3

SLAB LENGTH £ 6.000F+01
SLAB wINTH = 2,400E401
NUMBER OF INCREMENTS= 100

FRICTION FACIOR = 2,000£400
MAX, CRACKWIDTH z 3,000F02

SLAB ANALYSIS OPTION

shotaddatoptosatdondetoatoabtonttopnoltitsigronity

'y #
» STEEL PROPERTIES M
s o

st dogRERORRBONRRBOBRBBRRRERRpOaRORANQNBRRS

TYPE OF LONGITUDINA{ REINFORCEMENT ¢
DEFORMED RARS

PERCENT REINFORCEMENT = 2.000E=01
BAR DIAMETER = 6e250E-01
YIELD STRESS = 64000E+04
ELASTIC MODULUS = 2.90nEs 07
THERMAL COEFFICIENT = 5e00nE=0A

YIS ITS TSI LTI 2T YL 224 PR AL L A S L L2 g

° @
# CONCHETE PROPERTIES ®
" ®

HHOERRBOBRIRERBRRORDRVORBENOLBRBEDEpHRRORRRRNRRY

SLAB THICKNESS = 1.000E401
THERMAL COEFFICIENT = 6.000F-06
10T SHRINKAGE = 4,000F=04

UNIT WEIGHT CONCRETE= 1.440F 402
COMPRESSIVE STRENGTH= 4,000E4+03
(TENS/FLEXIRATIO = 6,666F-0]

TENSILE STRENGTH DATa

161
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LR 222 2322224 222 22 29 N

NC TENSILE STRENGTH NATA IS {NPUT BRY USER

THE FOLLOWING AGE=TENSILE STRENGTH RFLATIONSHIP
IS USED WHICH IS RASED ON THF RECOMMENDATION
GTVEN BY Usde RUREAU OF RECLAMATION

AGE, TENSILE
(DAYSY) STRENOGTH

0ol 00

1.0 869G

3.0 183.6

S+0 230.9

Teld 257.6

1440 3003

21+0 323.0

28.0 333.3
b&#biﬁﬁ*&ﬁe§GQQﬁﬁﬁﬂGQGQQGQ&G#QQGGQQO&#GG##Qbeﬂi
® #
o SLAB~BASE FRICTION CHARACTERISTICS bt
o FeY RELATTONSHIP ®
Y &

TR TR I2A TR L TR AL LT PPRL T T2 L TECTL TL TP ee T2
TYPE OF FRICTION CURVE 1S & STRAIGHT INE

MAXIMUM FRICTION FORCE= 3.000
MOVEMENT AT SLIDING =  =,plg

3222232222322 2 22 22 2 0 23 2 2399 7Y

- ©
- TEMPERATURE DATA @
“ “

rYr 222223228208 2 2222y Xy ey s
CURING TEMPERATURE= 75,0

MINIMUM DROP IN

DAY TEMPFERATUKRE  TEMPERATURE
1 55.0 20,0
2 SS'G ?Ovo
3 55.0 20.0
13 55.0 20,0
5 55,0 20,0
6 55.0 20.0
7 85,0 20.0
8 5540 20.0
9 55.0 20,0

10 55.0 20,0
11 55,0 20,0
12 55.0 20,0
13 55,0 2.0
14 5540 20.0
15 55.0 2C.0
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16 5540 2040
17 55.0 20,0
18 55.0 20,0
19 55.0 20,0
20 55.0 20.0
21 55.0 2040
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

MINIMUM TEMPERATURE EXPECTED AFTER
CONCRETE GAINS FULL STRENGTH = 0 DEGREEtS FARENKITE

(2122342322 222 222222 2222222y radi ey

-] &
° ITERATION AND TOLFRANCE CONTROL °
& &

[T ARI TR LA ZL I Y YL LXYY YL Y YL Y L LY

MAXIMUM ALLOWABLE NUMBER OF ITERATIQNS= 20

RELATIVE CLOSURE TOLERANGE= 140 PERCENT

WICTH OF FIRST CRACK IS +0087 INCHES AT TIME +4pn45 DAYS,

STRESS IN THE STEE[ 4.883E+04 IS GREATER THAN ITS WARKING STRENGTH AT TIME
3. Qoo
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