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PREFACE

This is the ninth report in the series of reports that describes the
work done in the project entitled, "Development and Implementation of the

Design, Construction, and Rehabilitation of Rigid Pavements,"

The project
is 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 presents the results of an analytical study undertaken to
improve the method, CRCP-1, for the computer solution of continuously
reinforced concrete pavement.

Our thanks are extended to Dr. W. R. Hudson, member of my graduate
supervising committee, who reviewed this report. Special thanks to Mrs.
Patricia Henninger for typing the drafts of the manuscript, Charlie Copeland
and Randy Wallin concerning the analysis of the computer program. Thanks

are also due to Mrs. Marie Fisher and Mr. Art Frakes for their efforts in

editing and coordinating the reports preparation.

James C. M. Ma
B. Frank McCullough

August 1977

iii






LIST OF REPORTS

Report No. 177-1, '"Drying Shrinkage and Temperature Drop Stresses in Jointed
Reinforced Concrete Pavement,'" by Felipe R, Vallejo, B. Frank McCullough, and
W. Ronald Hudson, describes the development of a computerized system capable
of analysis and design of a concrete pavement slab for drying shrinkage and
temperature drop. August 1975,

Report No. 177-2, "A Sensitivity Analysis of Continuously Reinforced Concrete
Pavement Model CRCP-1 for Highways,' by Chypin Chiang, B. Frank McCullough,
and W. Ronald Hudson, describes the overall importance of this model, the
relative importance of the input variables of the model, and recommendations
for efficient use of the computer system. August 1975,

Report No. 177-3, "A Study of the Performance of the Mays Ride Meter," by
Yi Chin Hu, Hugh J. Williamson, B. Frank McCullough, and W, Ronald Hudson,
discusses the accuracy of measurements made by the Mays Ride Meter and their
relationship to roughness measurements made with the Surface Dynamics Pro-
filometer. January 1977.

Report No. 177-4, '"Laboratory Study of the Effect of Non-Uniform Foundation
Support on CRC Pavements,'" by Enrique Jimenez, W, Ronald Hudson, and B. Frank
McCullough, describes the laboratory tests of CRC slab models with voids
beneath them. Deflection, crack width, load transfer, spalling, and cracking
are considered. Also used is the SLAB 49 computer program that models the
CRC laboratory slab as a theoretical approach. The physical laboratory
results and the theoretical solutions are compared and analyzed and the
accuracy is determined. (Being prepared for submission)

Report No. 177-5, "A Comparison of Two Inertial Reference Profilometers Used
to Evaluate Airfield and Highway Pavements,'" by Chris Edward Doepke, B. Frank
McCullough, and W. Ronald Hudson, describes a United States Air Force owned
profilometer developed for measuring airfield runway roughness and compares it
with the Surface Dynamics Profilometer using plotted profiles and mean rough-
ness amplitude data from each profilometer. Preliminary, March 1976.

Report No. 177-6, "Sixteenth Year Progress Report on Experimental Continuously
Reinforced Concrete Pavement in Walker County," by Thomas P. Chesney and

B. Frank McCullough, presents a summary of data collection and analysis over

a l6-year period. During that period, numerous findings resulted in changes
in specifications and design standards., These data will be valuable for
shaping guidelines for future construction. April 1976.

Report No. 177-7, "Continuously Reinforced Concrete Pavement: Structural
Performance and Design/Construction Variables,' by Pieter J. Strauss, B. Frank
McCullough, and W. Ronald Hudson, describes a detailed analysis of design,
construction, and environmental variables that may have an effect on the
structural performance of a CRCP. May 1977.



vi

Report No. 177-8, "Continuously Reinforced Concrete Pavement: Prediction of
Distress Quantities," by John P. Machado, B. Frank McCullough, and Hugh J.
Williamson, presents a general analysis of environmental, design, construction
and historic pavement behavior conditions and their effects on future
performance. (Being prepared for submission)

Report No. 177-9, "CRCP-2, An Improved Computer Program for the Analysis of
Continuously Reinforced Concrete Pavements,'" by James Ma and B, Frank
McCullough, describes the modification of a computerized system capable of
analysis of a continuously reinforced concrete pavement based on drying
shrinkage and temperature drop. Preliminary, August 1977.



ABSTRACT

CRCP-2 is an extension and revision of the CRCP-1 computer solution for
the analysis of continuously reinforced concrete pavement (reported in Research
Report NCHP 1-15). It improves the proficiency and extends the capability of
the original model. Small errors in CRCP-1 for extreme values of variable
combinations, such as a high-friction value and a high steel percentage, were
remedied by extending the original steel stress model to cover situations
where development length under the influence of high frictional resistance
might exceed half the crack spacing. The stress-strength interaction model
in CRCP~1 has been revised such that the maximum concrete stress under mini~
mum temperature is compared with the concrete strength at the time of minimum
temperature occurrence, thus allowing for additional strength gain in the
concrete. Wheel load and wheel-load stress are included in CRCP~1 as new
design variables for when the combined effect of the bending stress under
wheel load and the in-plane stress under envirommental load are considered.

Some minor changes were made in the computer program. In order to be
compatible with the mathematical model, which requires'at least one incre-
ment be contained in the bond slip zone, the initial slab length was adjusted
inside the program to ensure that the increment length is within tolerance
limits while maintaining the dimensional array for the slab length to one
hundred increments. Thus, the computation time was substantially reduced,
and errors at high-level studies were eliminated.

The revision of the CRCP-1 model and the inclusion of wheel load,
provide better predictions of the behavior of CRC pavement. However, to
fully portray the state-of-stress in a slab, fatigue due to repetitions of

load and warping stress due to temperature differential need to be considered.

KEY WORDS: continuously reinforced concrete pavement, external load, internal

load, CRCP-1 program, CRCP-2 program, development length, steel stress model
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SUMMARY

The CRCP-1 method, developed in Ref 5, provides a useful tool for the
analysis of temperature and shrinkage effects on continuously reinforced
concrete pavements. Certain modifications of the CRCP-1 method were made in
this study to increase the proficilency and to extend the capability of this
method. The age-tensile strength model was extended to cover conditions in
which the drop to minimum temperature was delayed. For high frictional subbase,
the steel stress model was extended to cover conditions in which the bond
length exceeds one-half the crack spacing. The wheel-load stress was combined
with the internal load caused by temperature drop and drying shrinkage to
obtain a better prediction of crack spacing in field conditions.

The inclusion of wheel-load stress with internal stress was accomplished
by superimposing the tensile stress at the bottom fibre, computed by the
Westergaard equation for a single-concentrated vertical load, an the airplane

tensile stress across the depth of the slab, computed by the CRCP-1 method.

ix






IMPLEMENTATION STATEMENT

The CRCP-2 computer program developed in this study can be used to deter-
mine the combined effect of external loads and internal loads on a continuously
reinforced concrete pavement. In addition, the modification of the mathemati-
cal model, as well as the computer program, makes it possible to analyze a
CRC slab under the influence of high-level parameters; the new program should
be used in lieu of the original CRCP-1 program for extreme values of variable
combinations. For instance, the analysis of a CRC pavement laid over a treated
base with high frictional resistance, the analysis of high percentage steel,
the analysis of high temperature drop, or any combination of the above

conditions can be made only by the revised, CRCP-2, program.
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CHAPTER 1. INTRODUCTION

BACKGROUND

The rational approach to pavement design is based on the use of the
mechanics of the materials and the structural equilibrium of the system to
predict the behavior of the pavement. The rational approaches developed for
rigid pavements can be categorized into three groups: first, the theory that
deals with the stress in the slab under wheel load; second, the stress in the
slab induced by environmental factors; and, third, fatigue or repeated load

effects.

Stress in the Slab Under Wheel Load

The earliest attempt to predict the behavior of rigid pavement was made
in 1920. By assuming zero support near the corner, Goldbeck approximated
the stress in the slab under wheel load in his corner formula (Ref 1). In
1926, H. M. Westergaard (Ref 2) used Timoshenko's plate equations to develop
a slab on foundation solution for edge, interior, and corner loading
conditions. In 1956, Turner et al introduced the finite element method and
started a new trend in structural analysis which is characterized by its
heavy reliance on high-speed computers (Ref 3). Most recently, Hudson and
Matlock introduced the discrete element method, which is a very powerful method
for the analysis of stress on rigid pavements (Ref 4). The slab in the
discrete element model was beams, to represent bending stiffness, and torsional
bars, to represent torsional stiffness. The support media was represented by
the spring constant k equal to the modulus of subgrade described in

Westergaard's equations.

Stress Induced by Environmental Factors

In the area of environmental design, a continuously reinforced concrete
pavement (CRCP) model was developed which can be used to predict the in-plane

stress in the slab caused by drying shrinkage and temperature drop (Ref 5).



In that model, CRCP-1l, the movement, or the summation of concrete strains
along the slab, is fitted to a friction-movement curve of a particular type

of supporting soil to determine the frictional force acting on the pavement.
The concrete stress then is the equilibrium force needed to balance the
frictional resistance of the soil, plus the steel restraint of the reinforce-
ment. One unique feature in the CRCP design method is that the age-strength
function of the concrete slab is used in the model to follow-through the
formation of cracks each time the internal stress exceeds the tensile strength
of the concrete.

In addition to the change in average temperature along the slab, the
warping stress cuased by the temperature differential across the depth of the
slab should also be considered. 1In 1940, Thomlinson extended Westergaard's
equation to predict the warping stress of rigid pavements (Ref 6). Both
Westergaard and Thomlinson assumed full support beneath each slab, and their
analysis was later modified by Teller and Sutherland (Ref 7) to account for
the loss in support along the edges. Also, computer programs to compute
stress, deflection, and loss in support caused by this warping effect

were written by Harr and Leonards (Ref 8).

Repeated Load Effects

In fatigue design, the progressive structural damage in the concrete
slab caused by repeated loads is emphasized. Due to the difference in
material behavior between the slab and the subgrade, where one may be
elastic while the other may be plastic under repeated load, the rational
approach to fatigue design is quite complex, Very limited research has been
done in this area, and fatigue design still has to rely heavily on other

empirical solutions.

THE PROBLEM AND THE STUDY OBJECTIVES

There are two major advantages to the development of rational theories.
Different modes of failures and different types of pavement behavior can be
studied more closely with these theories. Second, due to tremendous cost
involved, only limited road tests can be performed. To cover other environ-
ments and other conditions, rational analysis can be used to extend the findings

indicated in these road test for pavement design.



In earlier discussions, several rational techniques, each dealing with
specific problems, were briefly reviewed. Although the severity of distress
due to any particular cause can be analyzed using these theories, pavement
behavior under the combined effect of all factors is not known.

The objectives in this study were three-fold:

(1) To extend the CRCP-1 design method, which considered only the
effect of temperature drop and drying shrinkage, to include
wheel-load stress at the mid-slab, which will lead to better
prediction of the stress development and crack spacing of
continuously reinforced concrete pavment under field conditions.

(2) To modify the steel-stress model used in CRCP-1 to cover
conditions in which the development length of the steel bar
exceeds one-half the crack spacing. When high friction values
are used in the analysis, the crack spacings may be reduced to
such short lengths that the distance required for the bond between
steel and concrete to fully develop may exceed them. When such
a case arises, computer program CRCP-1 and the theoretical models
are no longer valid. To cover such conditions, a new set of
equations must be developed and added to the CRCP-1 program.

(3) To compare the stress caused by the minimum temperature drop with
the tensile strength of the concrete at the time when the minimum
temperature occurs and not with the earlier 28th day strength,
since concrete strength continues to increase after it reaches
its early strength. This is particularly significant when the
pavement is built in summer and the temperature will not reach
the minimum until a few months later. The CRCP-1 program needs
to be revised to account for this increase in tensile strength
before the occurrence of a severe cold temperature.

The inclusion of external load and the modifications of the mathematical

models as well as the computer program resulted in a revised version of

CRCP-1, which is designated as CRCP-2.

SCOPE OF THE STUDY

This study expands and modifies computer solution CRCP-1. The addition
of new equations to acheive the objectives resulted in the addition of
several new variables to the CRCP-1 design method. The variables used in the
CRCP-1 program and the additional variables used in the CRCP-2 are listed
in Tables 1.1 and 1.2, respectively.

The report covers the development of the equations for inclusion in the
design method. Chapter 2 discusses the theoretical model used in CRCP-1
design method and the wheel-load stress and the combined effect of external

and internal loads. Chapter 3 discusses the modification of the age-concrete



TABLE 1.1.

DESIGN VARTABLES USED IN CRCP-1 PROGRAM

Symbol Definition Units
ITPYER Types of reinforcement either
deformed bar or deformed wire
fabric
P Percent reinforcement percent
1) Bar diameter inches
fy Steel yield stress 1b/in2
ES Steel modulus 1b/in2
a Thermal coefficient for steel in/in/°F
BHIGH Transverse wire spacing inches
D Slab thickness inches
o, Thermal coefficient for in/in/°F
concrete
Z Drying shrinkage strain in/in
UNWT Unit weight of concrete 1b/in3
FPC 28th day compressive strength lb/in2
F(I), Y(I) Friction-movement relation- lb/inz, in
ship between the slab and
the subbase
CURT Curing temperature °F
TD Minimum daily temperature °F
DTMAX Minimum temperature expected °F
after concrete gain full
strength
MAXITE Maximum number of interactions
TOL Relative closure tolerance percent




TABLE 1.2. ADDITIONAL VARIABLES IN CRCP-2 PROGRAM

Symbol Definition Units
WHLSTR Wheel load stress lb/in2
WHLOAD Wheel load 1b
WHBASE Wheel base radius inches
SOILK Modulus of subgrade lb/inz/in
TMLOD Number of days after concrete days

is set before wheel load is

applied
COLDTM Number of days after concrete days

is set before minimum temper-
ature occurs

COLDSTN Concrete strength at the time psi
when minimum temperature
occurs




strength model in CRCP-1 to account for the gain in strength between the

28th day and the occurrence of the minimum temperature. Modification of the
steel~stress model to cover the condition in which development length exceeds
one-half the crack spacing is discussed in Chapter 4. Chapter 5 describes
sample problems used to demonstrate the application of the new design variables
in CRCP-2. Chapter 6 summarizes the report and presents recommendations for

implementation and additional development.



CHAPTER 2. DRYING SHRINKAGE, TEMPERATURE DROP, AND WHEEL-LOAD STRESS IN
CONTINUOUSLY REINFORCED CONCRETE PAVEMENT

BACKGROUND

The dimensional changes in a continuously reinforced concrete pavement
caused by drying shrinkage of the concrete and temperature variation after
curing were investigated and design method CRCP-1 was developed in the
study described in Ref 5. The theoretical model was based on the material
properties, stress, strain interaction between steel, concrete, subgrade,
and the internal forces caused by the temperature drop and shrinkage of
the slab.

Figures 2.1 and 2.2 show the geometric model used to develop the basic
equations for the CRCP-1 design method. Due to the accumulated friction
and the terminal treatments used in the construction, the slab model assumes
an anchorage at each end so that the pavement within the anchorages will
maintain a fixed length.

The difference in the thermal coefficients of steel and concrete
together with the drying shrinkage of concrete enable us to determine the
internal stress in the reinforced slab. With the friction movement character-
istic of the slab and the soil, the degree of restraint of the supporting
medium can be estimated. By establishing equilibrium in the system, the
stress of one material can be correlated to the stress of the adjacent
materials. Finally, the crack spacing is determined by comparing concrete
stress with concrete strength at each time interval.

In the development of the model, the following assumptions were made:

(1) A crack occurs when the concrete stress exceeds the concrete

strength, and, after cracking, the concrete stress at the
location of the crack is zero.

(2) The concrete and steel properties are linearly elastic.

(3) 1In the fully bonded sections of the concrete slab, there 1is no
relative movement between the steel and the concrete.

(4) The force displacement curve which characterizes the frictional
resistance between the concrete slab and the underlying base
is elastic.
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Fig 2.1. Full length of a continuously reinforced concrete pavement (Ref 5).
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(5) Temperature variations and shrinkage due to drying are uniformly
distributed throughout the slab, and hence, a one~dimensional
axial structural model is adopted for the analysis of the problem.

(6) Material properties are independent of space.

(7) The effect of creep of concrete and slab warping are neglected.

PRIMARY CONCEPTS

The mechanistic behavior of the CRCP-1 can be summarized briefly

in the following paragraphs...

Steel and Concrete Interaction

In the fully bonded section of a continuously reinforced concrete pavement,
the total change in length in the concrete will be the same as the change
in length of the steel. Thus, the difference in the thermal coefficients of
expansion and contraction for the steel and the concrete plus the drying
shrinkage of the concrete results in a steel and concrete strain history
that may be modeled by a mathematical relationship. By converting strains
into stress based on their individual modulus of elasticity, the stress history
of the concrete can be written as the function of the stress history of the

steel.

Steel Boundary Conditions

The total length of the pavement within the fictitious anchorages is
fixed, which implies that the integrals of the steel strains along the slab
or the sume of the area under the steel strain diagram will equal the pave-
ments shortening. The steel stress at any point can be written as a function

of the steel stress at any other location along the slab.

Equilibrium

Figures 2.3 and 2.4 show a free-body diagram for the CRCP-1 model. By
summing all the forces, the steel and the concrete stresses between the cracks
will be balanced by the sum of the steel stresses at the crack and the

frictional resistance between the slab and the base.
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Fig 2.3. Forces in CRCP free-body diagram (Ref 1).

Free-body diagram of an element in CRCP-1 model (Ref 5).
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By converting the concrete stresses between the cracks into functions of
steel stress as described earlier, the steel stress and subsequently the
concrete stress and slab movement can be readily calculated, provided that the
frictional resistance is known. The frictional resistance, however, is not
a constant force because it depends on the magnitude of the movement of the
slab, and the larger the movement, the larger the resulting frictional force.
Since the movement of the slab is its length times the total strain, and the
stress of the concrete and steel must be solved in order for the strain to
be known, an interactive process that involves the following steps (Fig 2.5)
is therefore needed to solve the friction force and stresses in the slab:

(1) Assume zero friction and solve for the strain of concrete along

the slab.
(2) Sum the strains and solve for the movement of the slab, Yl .
(3) Use a friction-movement curve, obtained through laboratory

experiments, to locate the frictional force, F2 , that
corresponds to the movement found in step 2.

(4) Reenter the frictional force from step 3, F, , into the basic

) 2
equations and solve for movement, Y2
(5) Reenter Y, dinto the F-M curve and solve for Fy
(6) Use F4 , the average of F2 and F3 , to solve for Y4c
with the basic equations and Y4e by using the F-M curve.
(7 1f Y4c is greater than Yo » Fs will be equal to
(F2 + F4)/2 , and if Y4c is smaller than Y4e » Fg will

be equal to (F3 + F4)/2 .

(8) Returning to step 6, use the new frictional force until the move-
ment solved from the equations falls within the tolerance range
of the movement obtained from the F-M curve.

(9) Use the final frictional force to solve for the steel stress
at the crack and the concrete stress at the mid-slab.

INCLUSION OF WHEEL-LOAD STRESS

When a crack occurs, the tension that was carried by the concrete will
be taken up by the steel. The concrete stress will, therefore, be zero at the
crack and increase to its maximum in tension at the mid-slab. This high
tension stress at the mid-slab is the result of the accumulated frictional
resistance of the base plus the restraint on concrete contraction by the

steel.
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If the warping effect due to the temperature variance is set aside, the
tensile stress due to the internal forces will be uniformly distributed
across the depth of the slab (Fig 2.6b). Maximum of this tensile stress
will, theoretically, be near the mid-point between a pair of cracks where
the highest frictional resistance is accumulated. The stress due to external
force on the other hand will be in compression on the top fibre and in tension
on the bottom fibre (Fig 2.6c¢). The highest combined stress due to both
external and internal forces will then be at the bottom fibre of the slab
and at the mid-point between two cracks. Figure 2.6d shows the stress diagram
for the wheel load stress superimposed with the tensile stress at mid-slab

caused by drying shrinkage and temperature drop, in which

o] = O + o

TOT INT EXT
where
OTOT = combined external and internal stresses,
OINT = tensile stress caused by drying shrinkage and temperature
drop, and
OEXT = tensile stress at the bottom fibre of the slab under

wheel load.

New cracks will form when O exceeds the tensile strength of the

concrete. After new cracks have ggzeloped, the external load will be moved
to a new position, the mid-point between the newly developed crack and an
adjacent crack., This process continues until equilibrium is established.

The inclusion of wheel-load stress in the CRCP-2 computer program is
briefly summarized in the flow diagram in Fig 2.7.

The tensile stress due to the external load will be solved in the CRCP-2
computer program, using Westergaard's equation for interior loading. The
user may choose, however, to solve the wheel-load stress by some other
means. An option is available in the program in which either the wheel

load in pounds or the wheel load stress in pound per square inch can be

inputted.
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STRESS IN SLAB DUE TO WHEEL LOAD

Steel reinforcement in continuous pavements is not designed to carry
tensile stress at the bottom when wheel load is applied. 1In fact, most
steel bars in the existing rigid pavements are placed at the mid-depth
of the slab to keep cracks tightly closed so that the time for the water
to seep through is greater than the surface runoff time, thus preventing
passage of water from the surface to the subgrade. When steel bars are placed
at the neutral surface or mid-depth, the compression on the top fibre and
the tension on the bottom fibre of a reinforced slab will be the same as for
the nonreinforced slab. Several methods available for the analysis of a

concrete slab under wheel load are discussed in the following sectiomns.

Westergaard Interior Equation

The Westergaard equation for interior loading may be used here to predict
the tensile stress at the bottom fibre of the slab (Ref 2). The resistance
to deformation of the slab under wheel load depends upon the relative
stiffness of the supporting media and the slab; the stiffer the slab and
the weaker the subgrade, the greater is the stress. Westergaard defined

the relative properties of these two materials as radius of relative stiffness,

in which
12(1-p9)k
where
EC = modulus of elasticity of the concrete slab (lb/inz),
D = thickness of the slab (inches),
H = Poissons ratio, and
k = modulus of subgrade reaction (1b/in2/in);

and tensile stress at the bottom of the slab for interior loading, in which

3
O.3162-EL [1mglo(D ) -4 1oglO a - loglO k + 6.478]

2

Oi=
D
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where

radius of the tire contact area (inches) and

applied load (pounds).

If the assumption is made that plane cross-sections remain plane and
perpendicular to the neutral surface during loading, the theory of elasticity
leads to the conclusion that the peak moment and, thus, the peak tensile
stress at the bottom of the slab, are infinite. However, if we take into
account the deformation due to local stress in the immediate neighborhood
of a concentrated load, the above assumption cannot be made and the tensile
stress at the bottom fibre of the slab will be rounded off. Computation
according to Nadai's analysis (Ref 9), shows that the stress can be found
using the special theory which considers local stress at the point of loading
if the radius, a , of the above equation is replaced by an equivalent

radius, b , in which

J1.6a% + D% - 0.675D

for a < 1.724D

o
"

and

b = a

for a > 1.724D

The tensile stress at the bottom for interior loading when a 41is less than
1.724D becomes

} P 3y /2. 72
o, = 0.3162 5 [log10 (D7) 4 1oglo (+/1.62° + D” - 0.675D)

D
- 10g10k + 6.478]

Discrete Element

Several computer programs were developed to solve the wheel-load stress
of the slab. The discrete-element method developed by Hudson and Matlock
is a very powerful analytical tool for prediction of stresses in concrete
slab (Refs 4 and 11). This method was based on the biharmonic equation
(Ref 12), which states that the fourth order differential of deflection times



19

the stiffness is equal to the load applied. This fourth order differential
was solved by the central-differential approximation in which the differential
of deflection is the change of deflection between adjacent stations divided

by the distance between those stations. To obtain the stiffness of the
system, the slab was replaced by x-bars and y-bars to simulate bending
stiffness, torsional bars to simulate torsional stiffnesses, and elastic
joints to connect the whole system together. Due to the large number of
simultaneous equations that relate the relative forces which acted on each
element, a direct matrix manipulation technique (Ref 10) was employed to
obtain the deflection at each joint.

Two approaches are recommenced to compute the wheel-load stress for the
CRCP-2 computer program. First, to solve the wheel-load stress internally
using Westergaard's equation for interior loading, the user needs only to
input the magnitude of the wheel load, in pounds, wheel base radius, and
modulus of subgrade. The selection of Westergaard's equation was made for
the following reasons: (1) it is easy to apply, the solution obtained will
be the tensile stress directly under the wheel load, (2) the computational
time required is minimal, and (3) it is the most reliable closed form
solution available. Tests were run on concrete slabs in the laboratory,
and it was concluded that the values derived from Westergaard's theoretical
formula correlate closely with the actual test values (Refs 15 and 16).

The second approach is to solve the wheel-load stress externally
and input the maximum concrete tensile stress obtained into the CRCP-2
program. For edge loads, the temsile stress can be obtained using Westergaard's
equation for edge loadings. For pavements that have nonuniform slab thicknesses
or nonuniform soil supports, the tensile stress under wheel load can be solved
by the discrete element method. This open form solution allows us to
consider voids underneath the pavement. Also, cracks can be modeled
by reducing bending stiffness along the crack (Ref 13). To use this
method, it is necessary to investigate the load transfer between cracks,
which includes (1) aggregate interlock, (2) shear resistance by steel
reinforcement, and (3) moment transfer if the crack width is small enough
for the slab on each side to make contact. Concepts for modeling the
load transfer at the crack are still being developed and it is recommended

they be considered for future studies (Chapter 6).
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Note that neither approach mentioned above considered the fatigue
of the concrete slab due to repetitive loadings. A safety factor is needed

in these approaches when they are used for design.

EFFECT OF EXTERNAL LOAD

A series of problems with input parameters, listed in Table 2.1, was
solved using the CRCP-2 program to investigate the combined effect of both
the external and the internal forces on the performance of continuously
reinforced concrete pavement. A series was developed to study the effect
of wheel load stress on the crack spacings of a CRC pavement. The results
are plotted in Fig 2.8. 1In the B series, the effects of wheel-load stress on
crack width, crack spacing, and steel and concrete stress are examined and
illustrated in Fig 2.9. With different steel percentages, the C series allows
for individual examination of the crack spacing, the crack width, and the
steel and the concrete stresses, with and without wheel-load stress. The
results are plotted in Figs 2.10 to 2.13. The D series shows the effect
of wheel load applied on slab with different thicknesses. The E series
gives an indication of the effect of wheel load on CRC pavement applied
at various ages after the placement of the slab.

Figure 2.8 shows the change of crack spacing with time for four different
magnitudes of external loads. The loads were applied on the 28th day, and
there is no effect on the behavior of the pavement before that time. The
addition of bending stress in the slab under external load to the existing
internal force from restrained pavement volume changes leads to higher
tensile stress and cause new cracks to form. As shown in the figure, the
final crack spacing decreases as the magnitude of the external load increases.
The decrease in the final crack spacing will cause other wvariables in a CRC
pavement to change, as is illustrated in the following problem series.

Figure 2.9 is a composite figure to show the effect of wheel-load stress
on the behavior of various variables in a CRC pavement. As shown in the
figure, the final crack spacing decreases when heavier external loads were
applied. The reduction in crack spacing lessens the amount of frictional
resistance between the slab and the subgrade because the contact area is

reduced. Subsequently, the crack width and the forces transmitted to the



TABLE 2.1. INPUT PARAMETERS FOR TESTING THE COMBINED EFFECT OF EXTERNAL LOAD :AND ENVIRONMENTAL STRESSES
Problem Series i
1A 24 34 4 1B 2B 3B 4 5B 6B IC 2¢ 3¢ 4 s5¢ 6c 7¢ 8 | 1D 2D 3D 4D IE  2E 3E
Steel Properties
P (percent) 1.0 0.5 0.7 0.9 1.2 0.5 0.7 0.9 1.2 0.7 1.0
¢ (in) 0.5 .6 0.6 0.6 0.5
£y x 10% (pei) 6.0 .0 6.0 6.0 6.0
E x 10" (psi) 2.9 2.9 2.9 2.9 2.9
8 -6 °
@ x 10 ° (in/in/ F) 5.0 5.0 5.0 5.0 5.0
Concrete Properties
D (in) 10.0 10.0 10.0 6.0 8.0 10.0 12.0 10.0
o, x 1078 (1n/10/°F) 5.0 5.0 5.0 5.0 5.0
Z x 107 (in/in) 4.0 4.0 4.0 4.0 4.0
Y x 100 (pc¥) 1.5 1.5 1.5 1.5 1.5
£& x 10% (psi) 6.0 6.0 6.0 5.0 6.0
Temperature Data
o o
Curing Temp (CF) 75.0° 75.0° 75.0° 70.0 75.0
Minimm lst - 10th 65.0° 50.0° 50.0° 65.0° 55.02
Daily 1lth - 16th 50.0° 50.0° 50.0° 65.0° 65.0
o
Temp (°F) 17th - 28th 50.0° 50.0° 50.0° 55.0° 65.0
Minimm Temp (°F) 40.0° 40.0° 40.0° 30.0° 40.0°
COLDTM (Days) 90.0 90.0 90.0° 90.0 90.0
Friction
Fi (psi) 1.0 1.0 1.0 1.0 1.0
Y (in) -0.1 -0.1 -0.1 -0.1 -0.1
External Load
Wheel Load x 103 (1bs) [] * * * * * * ® * * 0 0 * * * * 9.0 9.0 9.0 9.0 * * *
Wheel Load Stress (psi) 0 50 150 200 0 50 100 150 200 250 0 0 100 100 100 100 | 287.6 179.2 121.9 88.01/200 200 200
Time Applied (Days) 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 7 15 28

*
Option of inputting stress due to wheel load used.

1 inch = 2,54 cm

1 psi .070454 kg/cm

1 pcf = ,00001605 kg/cm
1°F = (9/5) x °C + 32°

12
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Fig 2.10. C-Series percent steel versus final crack spacing with and without

external load solved by CRCP-2 program.
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steel from the reduced restraint also decrease. The final concrete stress
is more or less a straight line for different magnitudes of external loads.
This phenomenon will be disucssed further later on.

Results from this problem series show that the addition of external
load reduces both the steel stress and the crack width in CRC pavement by
forcing more cracks to develop. The reduction of these two variables can
be favorable for the design as long as the crack spacing is maintained at
an acceptable level,

The steel reinforcement in a continuously reinforced concrete pavmeent
does not prevent cracking. On the contrary, it induces cracks because
the volume change in the concrete is restrained by the steel bars and because
of the subgrade friction. However, steel in the slab also keeps the cracks
tightly closed. In Fig 2.10, increase in steel percentages in the slab
was associated with decrease in crack spacing and with even smaller crack
spacing when external load was applied. The reduction of crack spacing
in turn caused the crack width and the steel stress to decrease, as shown
in Fig 2.11 and 2.13.

The final concrete stresses plotted in Fig 2.12 do not show a trend.
Increase in steel percentage caused the concrete stress to increase and then
decrease. The difference in concrete stress between the slab that had
wheel load applied to it and the slab without wheel load is :large at one
point and small at the other. This shows that the concrete stress does not
depend solely on the steel percentage or the magnitude of wheel load. The
final concrete stress is primarily controlled by the final state of stress
in the slab and the crack spacing that the CRC pavement eventually stabilized
with. If, for instance, before any external load is applied the intermnal
forces caused by drying shrinkage and temperature drop alone have created
enough tension in the slab for the concrete to be on the point of breaking,
the addition of external load will result in an even larger tensiie stress
in the concrete and cause new cracks to form. On the other hand, as new
cracks develop, the crack spacing will be one half the length as before,
which relieves some of the internal tensile stress present when the crack
spacing was larger. The final concrete stress, therefore, may actually be

the same as before any external load was applied.
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The effect of slab thickness on the performance of CRC pavement under
9000-pound (4091-kg) wheel load is plotted in Fig 2.14. Since a greater slab
thickness is accompanied by an increase in the slab's cross-sectional area
the concrete stress per unit area due to external load decreases as slab
thickness increases. For the external loads, the}increase in slab thickness
increases the stiffness of the slab, thus reducing the bending stress in the
concrete. Consequently, in order to achieéve equilibrium, the net reduction
of concrete stress permits the crack spacing to be kept greater for thicker
slabs. The increase in crack spacing causes both the steel stress and the
crack width to increase, as shown in Fig 2.14.

The results of an application of external loads at various ages after
the placement of the slab are plotted in Fig 2.15; note that cracks start
to develop immediately when 200 psi of external load is applied. The final
crack spacings however are not affected by the time of load application.

The input data for the above analysis are shown in Appendix 3.

SUMMARY

A series of problems are solved using CRCP-2 to test the effect of wheel
load on continuously reinforced concrete pavement. Either the wheel loads
are input in pounds and the stresses solved by Westergaard's equation within
the program or the wheel-~load stress is solved externally and input directly
into the program.

The results from this study show that

{1) Increase in wheel-load stress will reduce crack width,
crack spacing, and steel stress.

(2) 1Increase in steel percentage will reduce crack width,
crack spacing, and steel stress with or without wheel-
load stress.

(3) An increase in slab thickness will increase the crack width,
the crack spacing, and the steel stress, This shows that
the design for the slab thickness and the steel reinforce-
ment as indicated in (2) counteract with each other, there-
fore must be balanced properly to ensure that the limiting
criterias for the crack width, the crack spacing and the
steel stress are satisfied.

(4) Cracks developed earlier when wheel loads were applied
earlier, but developed into the same crack spacing at the
end of the analytical period regardless to the time when
the load was applied.
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CHAPTER 3. AGE, STRENGTH-STRESS INTERACTION

BACKGROUND

The rate at which concrete gains strength depends on many factors, such
as
(1) the concrete materials, the type of cement, and the size of
aggregates,

(2) the proportions mix, the water/cement ratio, and the gel/
space ratio, and

(3) the curing time, the temperature, and so on.

All these factors affect the time required for the concrete slab to
develop adequate strength. In the past, the 28th day strength was used as a
standard measure for the strength of concrete, although the 28th day strength
is considerably lower than the long-term strength. This gain in strength
after the 28th day was used by structural designers as an extra contribution
to the safety factor.

In pavement design, the safety factor required is minimal because failure
in pavement is not really a failure but a distress limit, such as Serviceability
Index (SI), which poses no real danger to the safety of the users. Also, the
fact that the maximum internal stress occurs when temperature drop is highest
means that the ultimate strength of the slab, therefore, should be measured
when the temperature is the lowest and not necessarily on the 28th day.

In the model in Ref 5, an interactive process was used to compare stress
caused by shrinkage and daily temperature drop with the tensile strength of the
slab at each time interval. Use of the strength-stress interaction model in
CRCP-1 1s illustrated by Fig 3.la. The solid line in the figure represents
the age-strength curve of the concrete, the dash line represents the concrete
stress in the slab, and points 1 to 7 represent the steps in the interactive
process. At point 1, the stress is higher than the strength, which causes
cracks to form. The reduction of crack spacing relieve some of the internal
forces in the slab and causes the concrete stress to drop to point 2. A

further decrease in temperature or a higher shrinkage factor causes the
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concrete stress to increase again, which forces other cracks to develop. This
interactive process continues until the concrete reaches the 28th-day strength.
From then on, the strength of the concrete no longer increases with time and
this is treated as the ultimate strength of the slab. The maximum concrete
stress generated by the maximum temperature drop and maximum shrinkage factor
is represented by point 3 in the figure. Since the stress is higher than the
strength, the crack spacing is further reduced, which causes the concrete
stress to drop to point 4 and then point 5, until the stress is insufficient
to induce another crack. The final crack spacing is then adjusted higher or
lower until the stress in the concrete is within the limit of tolerance, with
the strength at point 7.

Comparing the maximum concrete stress in the CRCP-1 model to the 28th-day
strength may be underestimating the actual strength in the concrete at that
time. This underestimation, however, does not provide any safety factor in
the design. On the contrary, the lower crack spacing predicted from this
underestimation may mislead the designer into decreasing the steel reinforce-

ment in the slab in seeking for an optimum crack spacing and crack width.

INCREASE IN STRENGTH AFTER 28TH DAY

Figure 3.1b shows the strength-stress interaction model in CRCP-~2
program. This model projects the strength gain in the concrete beyond the
28th day. The age-strength curve represented by the solid line shows a
further increase in concrete strength after the 28th-day strength. The
initial steps in the strength-stress interaction in CRCP-2 are identical to
the original model. However, after the 28th day, the maximum concrete stress
at point 3 is compared to the strength of the concrete at the time minimum
temperature occurs and not with the 28th-day strength. Since the stress at
point 3 is higher than the strength, cracks will develop and the stress will
drop to point 4 and then point 5. Once the concrete stress falls below the
strength, the crack spacing is adjusted until the final concrete stress matches
the ultimate concrete strength at the point 7. This higher tensile strength
is now generated by the computer program, which is based on the age-strength
curve from Ref 14. The equations used to predict the increase in tensile

strength after 28th day are as follows:
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compressive strength, f'c

£ £ [1 +0.1972 1og (55) | pst (3.1)
X 28th day

tensile strength, f't

f' _ 3000 : (3.2)
tx = T 17000 X constant psi
3+ £

cX

where

»
1

number of days from the time the pavement was built
to the time the minimum temperature was reached.

An option is provided in the computer program in which users can input
the strength at the time of the minimum temperature drop. For users who
specify neither the time nor the ultimate strength the program defaults to

a 28-day concrete strength.

EFFECTS DUE TO THE STRENGTH INCREASE

A series of test problems, for which the input parameters are listed in
Table 3.1, have been solved with the CRCP-2 program. By allowing various
time periods for the concrete strength to build up before applying the minimum
temperature, different final crack spacings are found. As shown in Fig 3.2,
the final crack spacing increases with an increase of time before the occur-
rence of the minimum temperature. The solid line in the figure represents
the final tensile strength in the concrete. The higher tensile strength sets
a higher limit for the concrete stress to reach before cracks can be developed,
which inturn increase the crack width and the steel stress in the slab,
as shown in the figure.

The input data for the above analysis are printed in Appendix 3.

SUMMARY

A new strength-stress interaction model in the CRCP-2 program has
replaced the original model in the CRCP-1 program to account for the concrete

strength gain beyond the 28th day., If the lowest temperature is to occur after



TABLE 3.1. INPUT PARAMETERS FOR TESTING THE NEW
STRENGTH~-STRESS INTERACTION MODEL.

1F 2F 3F 4F 5F

Steel Properties

P (percent)

¢ (in)

fy x lO4 (psi)

ES X lO7 (psi)

a, x 107 (in/in/°F)

v N O O O
© Ww O o wm

Concrete Properties

D (in) 10.0
o x 107% (in/in/°F) 5.0
z x 1074 (in/in) 4.0
2
Y x 107 (pcf) 1.5
fe x 10° (psi) 6.0
Temperature Data
Curing Temp (°F) 75.0°
Minimum 1st - 10th 65.0°
Daily 11th - 16th 65.0°
Temp (°F) 17th - 28th 50.0°
Minimum Temp (°F) 0.0°
COLDTM (Days) 28.0 60.0 90.0 120 150
Friction
Fi (psi) 2.0
Y (in) -0.1

External Load

Wheel Load x 103 (1bs)
Wheel Load Stress (psi)
Time Applied (Days) 7
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a prolonged period of time after the pavement was built, it is important

to consider the strength gain in the concrete during that time. The

results obtained from a test problem solved with the CRCP-2 program indicate
that, by considering certain strength gain after the 28th day, a higher crack
spacing is predicted. This increase in crack spacing will affect other
variables in the CRC pavement and possibly change the percentage steel needed

for the design.






CHAPTER 4., MODIFICATION OF STEEL STRESS MODEL FOR DEVELOPMENT
LENGTH EXCEEDS CRACK SPACING

BACKGROUND

When high friction values are used in the analysis, the crack spacing
may become so small that the distance required for the bond between the
steel and its surrounding concrete to fully develop, is greater than the
spacing. When this happens, computer program CRCP-1 and the theoretical
models are not applicable. To cover such conditions, a new set of equations
has been developed and added to the CRCP-1 program. The change in the steel
stress model after the development length exceeds half the crack spacing is

shown in Fig 4.1.

DERIVATIONS OF BASIC EQUATIONS

For a fully bonded section, the basic equations are similar to the
original equations. At the partially bonded zone, the average bond stress
will determine the development length as well as the rate of stress transfer
from the steel to the concrete. The mechanics of composite materials which

lead to the derivation of basic equations are described below.

Interactions Between Steel and Concrete at Fully Bonded Zone

The interactions between steel and concrete caused by drying shrinkage

and temperature drop are as follows:

Stress Caused by Shrinkage. As shown in Fig 4.2, the total concrete

shrinkage strain, Z , is equal to the summation of the strain in concrete
caused by the restraint of the fully bonded steel bar, Ecz , and the strain
in steel caused by the shortening of the concrete due to shrinkage, €, » OF

Z = ¢ + € .
cz ¥4

41



42

Transverse Crack

/
%
:a’. T RN . L Point of
.‘,‘u , s . - B » * . . ¥ / zero
P [ ..o . - ‘0% . / %
S-. R ek .‘\f.; RPN ) ;;Movemen

Bond

¢— Slip —»4——— Fully Bonded Zone ———
Zone

Bond Slip Zone

Fig 4.1.
length exceeds half the crack spacing.

Change of steel stress model after development



Fig 4.2.

2

A .t . - 7
e o el
/l~ ‘9’:. . |
A . v | e—
A . P ——
/////////////////J///77//////Z|
Ve
(a) Steel and concrete not bonded.
ot o b

1.5 f—
ZRK P PG
Zo A —
Dowi & —-
7///////////77//////////////_"__:,'
e

(b) Steel and concrete fully bonded.

Behavior of a reinforced slab subjected to shrinkage.

s2Z

43



44

Replacing the above equation with stress and using a negative value to
represent compression results in

pA ==
or
o) =
cZ
where
4] =
82
) =
cz
n =

Stress Caused

ZEc + — (4.1)

steel stress due to shrinkage of concrete at fully
bonded section,

concrete stress due to restraint of steel at fully
bonded section, and

E
sly
C

by Temperature Drop. From Fig 4.3,

where

€C.t&,t

= + o
ECA t ESAI:

= concrete strain due to temperature drop with no restraint,

= gteel strain due to temperature drop with no restraint,

It

steel strain caused by shortening of concrete during
temperature drop at fully bonded section,

= concrete strain in tension caused by the restraint of
steel bars at fully bonded section.

Replacing the above equation with stress and using a negative value for

compression gives

o AT + ¢
[ S

or

OsAt

E )
s

0cAt
Ec

AT = + (-
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Osat

o] = AT (& -« G ) + ——
cat Ee % s) n (4.2)
where
o =
cat’® sat ~ Stresses due to temperature drop at fully bonded
section, and
as, ac = thermal coefficients of steel and concrete.

Combining stress due to drying shrinkage and temperature drop. Combining

Eqs 4.1 and 4.2,

g = 0 + 0
cm cz cat
Olsz 0sAt
= yA + — -
(ZE —) + {ECAT(OLc a)) + +
= E + _ 1l 0o +0 )
. {z AT (o as)} + = (sz sat
o = E {Z+AM(0 -a)l+= (0 ) (4.3)
cm c c s n = sm '
where
Ocm = total concrete stress due to temperature drop and
drying shrinkage at fully bonded region, and
Oom = total steel stress due to temperture drop and drying

shrinkage of concrete at fully bonded region.

Overall Equilibrium

From Fig 2.3, the summation of all forces is

sm cm

where

sm

X

F +f F dx
o i

sc

force of steel at mid-slab,

force of concrete at mid-slab,
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se force of steel at the crack, and

friction force between slab and support.

Converting the above equation into stresses

Ao _+ Ao _ = A O + [FF.dx
s sm c ecm s 8¢ 0 i
X
- 0cm £ Fidx
o = g+ -
sc sm A A
s s
A
c
where
AS = area of steel and
Ac = area of concrete,
and, for a one<foot strip,
¥
A = DX1 =D
c
As = pAc = pD
where
P = percent reinforcement and
= thickness of the slab
gives
X
g [ F, dx
cm o 1
csc = O + > oD . (4.4

Movement of the Slab

The total movement of the slab will be the sum of the movement caused by
temperature drop plus the movement caused by shrinkage. From Figs 4.2 and 4.3

we have
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and

cAt
dx

where

cz

cAT

The total movement

where

(v}
r.
] 0

Crack Width

cz

& - a AT
cat c

slab movement caused by shrinkage and

slab movement caused by temperature drop.
of the slab, YC , will be

L L
6 eczdx + £ ECAC - (Z + aCAT)L

L
g Ecdx -(Z + dCAT)L

total strain of concrete and

slab length.

(4.5)

Crack width is simply the summation of the concrete movement from both

sides of the crack:

Ax =

]

where

Ax

2 ¥
c

L
2 £ ecdx = 2(Z2 + aCAT)L

crack width.
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Bond Stress and Bond Length

Bond stress can be considered as the chemical adhesion and the bearing of
projections between concrete paste and the steel surface. It is the unit shear
force acting parallel to the bar on the interface between bar and concrete.
When cracks form, shrinkage and temperature decrease will shorten the adjacent
concrete slabs, thus pulling on the steel bars at the crack and resulting in
an increase in high~tension. This increase of tensile steel stress will
transfer back to the concrete at arate which is controlled by the bond stress.
The real mechanism of stress transfer with deformed bars is quite complex; it
involves three basic elements, which progress in the following sequence:
first, the shearing resistance of the adhesion itself; then, the frictional
resistance to sliding after adhesion is broken; and, finally, the bearing

against the lugs. In Ref 5, the model, an average bond stress U was used

in which
U = ue
where
L. 9:5/ETc < 800 1b/1n?
- 9
Eo = perimeter of steel bar, and
@ = bar diameter.

As stated above, the high tensile stress of the steel bars at the crack
was transferred to the nearby concrete at a rate which is controlled by the
shear resistance of the bond between steel and concrete. And, since
this shear resistance was assumed to be an average value (bond stress) evenly
spread along the bar from the crack to the fully bonded region, the change
of steel stress is a linear curve sloping downward at the bond slip zone.
Summing all the forces acting on the steel bar alone, shown in Fig 4.4b, we

have

F_+ dF F_+ Udx
s s s

A do
s

s (ueo)dx



50

AANNNNNN\N

. s .t
. d Y- K3 v
. . .
P .. s A ,
AR N h ¥
A} ._“’ ’ . ’ -
‘_.' . '.'q‘.' .
LTINS R "l
'D} AR ;3"‘
"4 .- . . "'QSD; .
* A L Y
.
.

Udx

-~ el A

77777

——» Fg +dF,

Fig 4.4.

Free-body diagram to illustrate forces in the

steel bar at bond-slip zone.



51

dOS = }‘l——ﬂ¢ dx
g
)
- %# dx (4.6)

By integration, the development length, b , required will be

b _ 4 b
é dOS = 3 é dx
- - M
%c 0sm ¢ (®)
.9 -
b= g (O - o) 4.7)

Steel Boundary Condition

Since the total length of the steel bar is fixed, the strain caused by
the drying shrinkage and the temperature drop of the concrete minus the strain

of steel due to thermal contraction should equal zero; therefore

fLedx—OLLAT = 0

0 s s

1l L

E [ odx - aLAT = 0.
8 O s S

Integrating the steel stress from the crack to the mid-slab gives the area

under the steel stress diagram, shown in Fig 4.5b, and yields

N

(Osm'+csc) = EsasAT L (4.8)

where

Osm' = steel stress at the mid-slab for partially bonded condition
which is higher than the steel stress o in fully bonded
section, st
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(a) Free-body diagram of the CRCP model.
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Fig 4.5. Steel stress diagram showing development length exceeding
half the crack spacing.
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The slope for the steel stress diagram in Fig 4.5b, which can be obtained if

the development length b is known,

_sc  'sm

and the steel stress Gsm. will be

Q
]

om Om + s(b-L)

Substituting the above equation into Eq 4.8,

L + Ji—o = E g AT
s's

0sc T 2b “sc 2b “sm

Summary of Equations

a =
cm
/F.a
(o} X
o = g 4+-Sm_05 i
sc sm P pb
_ L L
EsasAT B Usc 2b csc + 2b 0sm
where:
b = — (o - )

E a LAT
s 8

Ec{z + A'r(ac - as)} + %(Gsm)

(4.9)

(4.3)

(4.4)

(4.9)

4.7)
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From the above, we have four unknowns (Gsc’ g _, 0 _, Fi)’ but only

sm’ “cm
three equations. To solve these equations, a binary search technique was
used. By assuming zero friction, an estimate of slab movement can be made.
By plotting this movement on the friction-movement curve provided by the
user, an estimate of friction-force can be obtained. The slab will be
analyzed again, but this time with the estimated frictional resistance. The
interaction will continue until the friction obtained from the analytical
procedure coincides with the friction obtained through the friction-movement
curve. The interaction technique was shown in Chapter 6 of Ref 5.

Two models are needed, one without friction and the other with friction.

They are as follows:

Frictionless Model. From Eq 4.4,

0
X
o] [ EAx
ecm 0 /1
o = o+ -
sc sm p / pD
Ocm = po’sc - pOsm
Substituting into Eq 4.3,
o] - g = E Z 4+ AT(o - o) +i(o)
sc sm c c s n = sm
E
g -0 = £ |z +AT(0 - a) +-1—(o)
sc sm p [ c s] pn = sm
E
o] (1 + ;L) =0 --<Jz+ AT(o. - @)
sm pn sc P [ c s]
or
= - 4,10
€1 %m 9c ~ €2 ( )
where
1
C1 = 1+ o
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E

c, = f [z +AT(a - as)]

By combining terms in Eq 4.9 and substituting b from Eq 4.7;

L L
Osc T2 csc + EE'Gsm - ESQSAT
o —L—(o -0 ) = E o AT
sc 2b " "sc sm s s

o] o]
o, -Lsem e . gour
2{Zﬁ<osc _Usm)}

_ L
csc = 5% + ESQSAT (4.11)
where
. 9
k = AT

Equation 4.11 indicates that the concrete stress is no longer a function

of the steel-stress at the crack in the frictionless model. This is obvious,
because the theory assumes an average bond-stress which will dominate the

rate of stress-transfer from steel to concrete at the bond-slip zone. Summing
all the forces acting on the concrete element at the bond-slip zone in Fig 4.6

gives

F = F.dx + Udx + F_ + dFe
c i c
Ado = - F.dx - Udx
c c i
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For a one-foot strip,

Fidx um@
dcC = - > 3 dx
e
4p
F
= — —.~i - [iy'p
D—dx d dx (4.12)

By integration, the maximum concrete stress at the middle for a frictionless
slab is

\]

O
fLF
L _ _ o X 4yup.L
‘g do, = D - @j;)dx
. Ay
Om = =g L (4.13)

Combining Eqs 4.10 and 4.11 gives

(
- L L _ 2
osm = Cl (ZK + ESaSAT) Cl (4.14)

Friction Model.

Combining Eqs 4.3 and 4.4,

{f Fidx 1
pUSC - P(}'sm + p —'pD—- = EC{Z + AT (Clc - Cl'.s)}“l" gﬁsm
/FF,ax E
o 1 c 1l o
_ [ i = — 4 — iy
O = %m + =5 > {z + AT (c:aC or.s)} + & o0
o _(1+ —l—) = g =-C,+C
sm np sc 2 3
g C = g =-C,+C (4.15)

sm 1 sc 2 3
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Where
1
¢, = 1+4p
E.
C2 = —5'{2 + AT(GC - as)}

fLF.dx
C _ 01
3 pD

By substituting b into Eq 4.9, the steel stress at the crack is

= L
csc = 7% + ESaSAT

From Eq 4.12, the maximum concrete stress will be

L
. g Fidx _4UPL
cm D ¢

. (4.16)

SUMMARY

The basic equations derived in this chapter are an extension of the
equations developed in the CRCP-1 model to cover conditions in which develop-
ment length exceeds half the crack spacing and, thus, extend its capability
for solving problems with more extreme parameters, such as higher friction
value, abrupt temperature changes, heavy wheel-load stress, and so on.

While the mechanism of the load transfer in the bond~slip zone is
quite complex and the state of art is still being developed an average bond
strength value was used in this study to predict the rate of load transfer

from steel bars to concrete.



CHAPTER 5. EXAMPLE PROBLEMS AND OBSERVATIONS

A series of example problems are presented in this chapter to demonstrate
the application of the CRCP-2 program with the added design variables discussed
in the previous chaters. Observations of the predicted behavior of CRC

pavement with these new variables are also made.

Problem A - Development Length Exceeds Crack Spacing

Two analysis are made of a continuously reinforced concrete pavement
placed over two different kinds of subbases. The first problem, A-1l, is a
control problem with input data that can be solved by the original steel
stress model in CRCP-1. The second problem, A-2, has exactly the same input
data as Problem A-1, except that the steel reinforcement and the subbase
friction are higher to force the crack spacing to fall below the development
length in the slab. The CRCP-2 program with the revised steel stress model
is used to solve this problem.

Problem A-1, deals with a 0.7 percent reinforced concrete pavement
placed over a smooth subbase with maximum frictional resistance of 1.0 psi
(70.45 gm/cmz) per 0.1-inch (0.254-cm) movement. The concrete properties,
the steel properties, and the daily temperature variations are tabulated
in the computer output in Appendix 2.

The final crack spacing obtained from this analysis is 8.2 feet (2.499 m).
The maximum steel stress found was 52,580 psi (3704.5 Kg/cmz), which is
slightly below the yeilding stress for steel. The difference between the
maximum concrete stress and the maximum tensile strength for the concrete
is within 1.0 percent, which is the closure tolerance assigned to this problem.

The changes in steel and concrete stresses are plotted along the
horizontal stations of the slab in Fig 5.1. Station 1 is at the mid-slab
and station 101 is at the crack. In Figs 5.1b and 5.1c, the steel stress
is the highest, while concrete carries no load at the crack. From station
101 towards the mid-slab, the steel stress decreases as it transfers its
load to concrete along the bond-slip zone. The total development length

required for the load transfer in this problem is 9.84 inches (24.99 cm).
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Fig 5.1. Variation of steel stress and concrete

stress along the CRCP-1 model.
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In Problem A-2, the steel percentage and the bar diameters are higher,
and a maximum frictional resistance of 7.5 psi (.528 kg/cmz) per 0.2-inch
(0.508-cm) movement was used. The increase in frictional resistance reduces
the crack spacing further, while the increase in steel percentage and bar
diameter increase the devleopment length. The result will be such that the
development length exceeds one half the crack spacing an the problem can
no longer be solved using the CRCP-1 program. The solutions obtained by the
CRCP-2 program are plotted in Fig 5.2, The final crack spacing is shorter
than the result obtained from Problem A-1 and the new development length for
the load transfer occupies the entire slab. The steel stress diagram in

Fig 5.2c is consistant with the steel stress model developed in Chapter 4.

Problem B - Increase in Tensile Strength Before Minimum Temperature Occurs

For this comparison it is assumed that a continuously reinforced
concete pavement is built in midsummer, and the minimum, winter, temperature
is not anticipated for at least 3 months. The daily temperature variations
recorded during the first 28 days are tabulated in the computer output in
Appendix 2.

"Two analyses were made on this pavement. Problem B-1 considered the
strength increase of concrete only up to the 28th day, as was done in the
CRCP~1 program. In Problem B-2, all input parameters remained the same,
except that an allowance of 90 days was given for the concrete to gain
additional strength before the occurrence of the minimum winter temperatures.

The variations of concrete strength, concrete stress, and the changes of
crack spacing with time are plotted in Figs 5.3 and 5.4 for the alternative
solutions. Figure 5.3 represents the original CRCP-1 model, where increase
in tensile strength after the 28th day is not accounted for. Figure 5.4
shows an increase in tensile strength after the 28th day and an increase in

the crack spacing i1s found when it is compared to Problem B-1.

Problem C - Environmental Stresses as Combined with External Load Stresses

To demonstrate the combined effect of environmental and wheel-load
stresses, a 12-inch (30.48-cm) thick pavement with 1.2 percent steel reinforce-
ment is placed over a polyethylene sheeting with maximum frictional resistance

1.0 psi with 0.1 inch (0.254 cm) of movement at sliding. The subgrade modulus
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is estimated to be 150 pci (4.157 kg/cc). The steel and concrete properties
are tabulated in the computer output in Appendix 2.

In Problem C-1, the slab described above was analyzed with only the
internal stress caused by the change in temperature and drying shrinkage.

In Problem C-2, in addition to the environmental stresses, an 18-kip
(8182.0-kg) external load was applied to the slab on the seventh day after the
placement of the slab. The results from both analyses are plotted in Figs 5.5
and 5.6.

In Fig 5.5, the effect on crack spacings of CRC pavement due to the
external load is demonstrated by the sudden drop in the crack spacing, where
the combined external and internal stresses exceeded the tensile strength of
concrete. At the end of the analysis period, the final crack spacing for the
loaded pavement was less than one-half the value for the unloaded pavement.

Figure 5.6 shows the change in steel stress with time for both Problems
C-1 and C-2. Arrows are used in the figure to indicate the time cracks
occurred.

For a given slab length and for a nearly constant drop in temperature,
the stress in concrete will increase with time. However, each time a crack
occurs, the slab length will be reduced. The cumulative frictional resistance
for that shorter slab will be lessened, which in turn lowers the stress in
the concrete as well as the steel stress. For the concrete strength, which
increases steadily with time, the maximum concrete stress required for the
crack to form increases with time also. Notice that, in Fig 5.6, the general
trend for the steel stress curves is to increase with time but plunge
downward everytime a crack occurs.

When an external load is applied to the pavement, the combination of
both the external load and the internal load stresses induces more cracks
in the CRC pavement, which explains the decrease in steel stress for the

loaded curve in Fig 5.6.



66

5000 -

4000

3000

r——————i

2000

|...._._____l

1000 —
900
800

700
600 B -

500

e

4001-

_

300

Without Externol Lood

200+

Crack Spacing (in.)

I_"""_1

|
| With 18-kip External
¥ Lood-(8182 kg)
100 — I
90 - [
80 [
70 \\
60— \
50 , \

a0|- /

30 \

0{ | L | I | | J\I
0 4 8 12 16 20 24 28 End of Analysis

Time (days)

Note: 1 inch = 2.54 centimeters

Fig 5.5. <Change in crack spacing with time; with and without
external load solved by CRCP-2 program.



40001

3000

2000

Steel Stress (X 104 psi)

1000

Wheel Load
Applied

I S T N T I

3 Cracks

Without External Load

J

2 cracks

-1
“,/’ \\
] \

\

' o - -~ ¢
- ——
| —

With 18-kip External Load
(8182 kg)

0

2 4 678 10 12

(1 psi = 70.454 gm/cm?)

Fig 5.6.

Change in steel stress with

]
4 6 18 20 22 24 26 28 30 /LEnd of Analysis
Time (days)

time; with and without external load solved by CRCP-2 program.

L9






CHAPTER 6. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

SUMMARY

The CRCP-1 method, developed in Ref 5, provides a useful tool for the
analysis of temperature and shrinkage effects on cintinuously reinforced
concrete pavements. Certain modifications of the CRCP-1 method were made in
this study to increase the proficiency and to extend the capability of this
method. The age-tensile strength model was extended to cover conditions in
which the drop to minimum temperature was delayed. For high frictional subbase,
the steel stress model was extended to cover conditions in which the bond
length exceeds one-half the crack spacing. The wheel-load stress was combined
with the internal load caused by temperature drop and drying shrinkage to
obtain a better prediction of crack spacing in field conditionms.

The inclusion of wheel-load stress with internal stress was accomplished
by superimposing the tensile stress at the bottom fibre, computed by the
Westergaard equation for a single-concentrated vertical load, an the inplane
tensile stress across the depth of the slab, computed by the CRCP-1 method.

The computer program was written in FORTRAN IV computer language for
the Control Data Corporation 6600 digital computer. The program can be
adapted for use with the IBM 360/370 computer by some minor changes.

CONCLUSIONS
Based on this study, the following conclusions are made.

(1) The forces acting on the continuously reinforced concrete pavement
can be modeled more realistically using the CRCP-2 computer
program, which allows for analysis of a CRC pavement under both
wheel-load stress and environmental stress. The inclusion of
wheel load helps to gain more insights into the real behavior of
CRC pavmeent. Warping effect and the fatigue in the slab under
repetitive loadings, however, are not considered.
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(2) From a limited number of test problems, it was found that
the addition of wheel load on continuously reinforced
concrete pavement has the same effect as increasing the
steel percentage in the pavement; they both force more
cracks to develop. Variation in crack spacing changes
the magnitudes of other variables in the pavement, such
as steel stress and crack width; lower crack spacing results
in lower steel stress and lower crack width. Decrease in
slab thickness, :on the other hand has an adverse effect on
the behavior eof CRC pavement. Increasing the slab thickness,
can prevent excessive cracking. For the design of CRC pave-
ment it is important to have a proper correlation on the
steel percentage and the sildb thickness. The final crack
spacing should be adjusted to keep cracks at an optimum
width.

(3) Comparing the concrete stress under the minimum temperature
with the 28th-day strength will sometimes cause under-
estimation of the crack spacing and, thus, the steel stress in
the CRC pavement and mislead the designer in to decreasing the
steel reinforcement in the slab. The strength-stress inter-
action model used in the CRCP-2 program enables us to project
the strength gain in the concrete beyond the 28th day and
predict the final crack spacing more accurately.

(4) The modified steel stress model in the CRCP-2 program can
cover conditions where development length exceeds half the
crack spacing, thus extending its capability for solving
problems with more extreme parameters, such as high friction
values, abrupt temperature changes, heavy wheel load, and
SO on.

(5) Computer program CRCP-2 can be used to develop charts or
nomographs for the design of continuously reinforced
concrete pavement.

RECOMMENDATTIONS

Stress induced by different types of loadings have been treated in the
past separately by various methods. To realistically analyze the complete
state-of -stress, further research is needed to combine these theories and
models into a more complete design. In addition, more effort should be
directed toward better understanding of various design variables, such as the
frictional resistance of treated base, the air of concrete temperature of the
slab, and the load transfer at cracks. Recommendation for future research

are listed as follows.
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Environmental Load Plus Traffic Loads

The environmental influence on rigid pavements can be seperated into
two categories. The first is the difference in temperature throughout the
depth of the slab, which, in accordance with the thermal conductivity of the
concrete, has a slab-surface temperature different from the mid-depth
temperature. The strain differential due to this temperature variation causes
the slab to curl up and at the same time, the weight of the slab adds pressure
in the opposite direction. The loss of support near the crack due to this
warping effect poses a serious problem when the wheel load is added. Either
Teller's closed form solution or Leonard's computer program (Refs 7 and 8)
can be used here to solve for the tensile stress on the top fibre of the slab
near the crack. The second category of environmental influence is the change
of temperature after curing, which, in accordance with the thermal coefficient
of contraction, will build up a magnitude of in-plane stress when the tempera-
ture reduces to below curing temperature. The CRCP-1 method was developed
to solve this tensile stress along the slab.

The bending of a slab due to traffic load contributes another type of
stress on the pavement. Although the values derived from Westergaard's
equation correlate closely with the laboratory results and have been widely
used for the prediction of wheel-load stress (Refs 15 and 16), the method
is limited to uniform slab thickness, uniform foundation support, and a single,
concentrated loading. The discrete-element method on the other hand allows
considerable freedom for the configuration of the pavement, the loading patterns
patterns, the flexural stiffness of the slab and various combinations of support
median. The finite approximation method not only offers major advantages over
the Westergaard equation, but since the slab in the discrete-element model
was decided into discrete elements, such as beams, torsional rods, and springs,
it can be suited to couple various types of loading into a more complete
analytical tool for the design of rigid pavements. Valuable research would
be to include the environmental stress into the discrete element model as a
uniaxial thrust acting longitudinally on the beams. In a similar manner, the
strain differential across the depth due to the temperature gradient also can

be included with additional efforts.
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Load Transfer at the Crack

To fully portray a continuously reinforced concrete pavement, the slab
as well as the transverse cracks that .occur every few feet need to be
considered. Work done by Abou-Ayyash (Ref 13) suggested a reduced stiffness
at the crack to account for the moment transfer when each end of the slab
at the crack come in contact with each other. The amount of stiffness needs
to be reduced and the length of hte slab under influence can be determined
by using the basic-moment curvature relationship. A study done by Strauss
found that, unless the crack width is very narrow, as in the case of early-age,
the probability of slabs' coming in contact at the crack is very small (Ref 17).
Other forms of load transfer are aggregate interlock and dowel action of the
steel bars. By simulating aggregates as circular particles and by simple
geometry, the shear stress carried by the bearing of the aggregate particles
can be obtained if the crack width is known. By using the pile theory (Ref 17),
the amount of shear load acting on the concrete due to the dowel action of the
steel bars can be found. It would be highly desirable to model the cracks as
related to these three types of load transfer and incorporate them into other

analytical models mentioned in previous paragraphs.

Frictional-Resistance of Treated Base

In the CRCP-1 design method, the friction-movement relationship between
the slab and its support must be known before the amount of frictionmal force
acting on the slab can be estimated. Past studies were made to determine the
friction-movement relationship between the slab and the granular materials;
however, little was known about the frictional force developed on the slab
for treated base. Therefore, a study to determine the friction-movement curve
for cement-stabilized, asphalt-stabilized, and lime-stabilized bases is highly

desirable.

Air and Concrete Temperature

Assessment of pavement temperature at mid-depth for the input data in the

CRCP-1 design method, as well as the temperature variation across the depth
of the slab, for the prediction of strain differential requires a correlation

to link air temperature with pavement temperature at any time and depth.
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A pavement temperature simulation model was developed for simulating bituminous
pavement temperatures, as related to air temperature, wind velocity, solar
radiation, and the thermal properties of the concrete (Ref 18), and based

on the same conception, the temperature simulation model for rigid pavement

can be developed. Future research should be conducted to incorporate this
model into other non-traffic-associated slab design models for the prediction

of environmental stresses.
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TYPE 7
EXTERNAL LOAD OR STRESS
(OMIT THIS CARD 1P RUN IS PROGRAM CRCPI)
TMLOD COLS, 6=1@ 1 NUMBER OF DAYS AFTER CONCRETE IS SEY
BEFORE WHNEEL LOAD 168 APPLIED
(DEFAULY YALUE 18 2,0)
COLS,11~20 1 WHEEL LOAD (B8}
(BLANK IF USER SUPPLIES WKLBTR)
(OEFAULT VALUE 18 @,0)
COL8,21=30 1t WHEEL BASE RADIUS (IN,)
(BLANK IF USER BUPPIES WHLSTR)

COLB, 31480 1 NODULUS OF SUBGRADE (PBI)
(BLANK IF USER SUPPLIES wWHLATR)
COLE,41=58 1 WHEEL LOAD STRESS (PS])
(BLANK IF UBER SUPPLIES WHLOAD)

WHLOAD

WHBASE

SOILK
WHLBTR

TYPE &
PRINT AND. PLOY OPTIONS

ToL COLE, $»5 1 RELATIVE CLOSURE TOLERANCE
(PERCENT)
(DEFAULY VALUE 168 5,#)
COLS, B»10 1 FLAC YO PRINY RESULTS FROM FACH ITERATION
® YES IF OESIRED
s BLANK IF NOT DESIRED
COLS, 11w1%5 1t RATE OF SUBSAMPLING USED IN PRINTING RESULTS
FOR EACH ITERATION
(EeGys 181 POINTS ARE CALCULATED IN EACH

LONGPR

NPRINT

ITERATION, IF NPRINT » 28 AND LONGPR = YES THEN

FOR EACH ITERATION VALUES AT POINTS §, 21, 4,
61, 81, AND 108) WILL BE PRINTED)

(DEFAULT VALUE 18 28)

PLAG FOR PLOY OF TEMPERTURE DROP v8, TINME

YES IF PLDT IS DESIRED

1PLOY ]
»
& BLANK IF NOT DESIRED
]
H

coLS, 18«20

TMSEALE
FINAL

CoLY, 21-35
CoLE, 3&edn

NUMBER OF INCMES PER QAY TO BE PLOTTED
NUMBER OF DAYS TO BE PLOTTED

TYPE ¢
AGE TENSILE=STRENGTH RELATIDNSHIP
(THIS CARD MUST BE OMITYED IF NSTRN = d)
(IF NSTRN » 8, THEN ADDITIONAL CARDS ARE REQUIRED)}

AGEU COLS, 1»5,11=15,21«25,ETC, t AGE OF THE CONCRETE
(DAYS)

TENSION COLS, 6w10,16~20,26,38,ETC, ¢ TENSILE STRENGTM
(PSI)

TYPE 18
SLAB=BASE FRICTION RELATIONSHIP
(FORCEwDIAPLACERENT)
(IF XFY > 4 ADODITIONAL CARDS ARE REQUIRED)

AN O0

Qoo s Rs2s] 3 30

3 O0n

FEXP coLs, 1+19,21=32,ETC, 1 FRICTIONAL FORCE PER UNIT LENGTH
(P8I)
YEXP COLS, 11w20,31=4B,ETC, 1 SLAB MOVEMENT
(INCHES)

19
11

AR AR AN RN AR R RN AR RANER AR AN RRARR I AR RR AR RN R N RANRRRRRARRAA R AN AR AR RN R AN

COMMON /BLOCKY/ RATIO, THICK P FF STRAINC,ES;NTPL,U,DIA,UNWY
COMMON /BLOCKZ/ S8(181),AAA,WS{1A1), LONGPR,NPRINT ,MAXITE,CRACKH
COMMON /BLDCK3/ XBAR,STRSC,STRSB,STRC,1BABY,ITES,NENBAR

COMMON /BLOCKAG/ ALCIBIY,STRAIN(IGL),CONSTR(181),8TRESS3(101)
COMMON /BLOCKS/ FEXPC1B),YEXP(10) ,FRICKUL,NT,FU,IFY

COMMON /BLOCKO/ ALPHAC ) ALPHAS EC,PPC, TIME,EP,TOL, ITYPER

COMMON /BLOCKS/ Y(181),REFF(1B1),YP(181),K,ICLOSER,YPITE(1@1)
COMMDN /BLOCKS/ STX,8TY,P8X,PaY,ITE

COMMDN /plOCK1iB/ NBTRN,VOS,AGEU(28), TENSION(22),STRNMUL

COMMON /BLOCK1Z2/ DT (503 (NTEMP,NTIFLAG,UPINC,DOWNINE

COMMON /BLOCKIS/ AGE(8),PERCENT(B),COLOTM,ANTENP, IBXBAR,COLDSTN
COMMON /BLOCKIA/ F(101),BDNDL,Z,DELTAT, STRMAX,WNLETR, TMLOD, IBECK

DIMENSION BUMCIDRI),ANIC18),AN2(T)

OATA AGE/Q,, 14230250070 18,,21,,28,/

DATA PERCENT/2,,19%,,38,,93,,63,,82,,98,,1008,/

DATA EP/ 1,BE=89 /,NTP1/ 181 /,¥DB/ 4,8 /,MAXITE/ 30 /
INTEGER AAd

PROGRAM AND PROBLEM IDENTIFICATION

READ S1d, (ANI(N),NBi,18)

READ 520, NPROB, (ANJ(N),N®1,T)
IF(EOF,S) aY@, 11

PRINT 539

PRINT S48, (ANI(N),Nmi,16)

PRINY 883, NPROB, (AN2(N),N=1,7)

INPUT STEEL PROPERTIES

READ So@, ITYPER,P,DIA,FY,E8,ALPHAS,BHIGH
PRINT S8¢
PRINT 872
PRINT 580

IF (ITYPER,EQ,1) PRINT Sep2

IF (ITYPER,EQ,2) PRINT &08

IF (ITYPER.LY.1,0R, ITYPER,GT,2) GO TO 452
PRINT 612, P,DIA,FY,E8,ALPHAY

INPUT CONCRETE PROPERTIES

READ 628, THICK,ALPRAC,ZTOT,UNNT, FPL,STRNMUL,NSTRN,IFY
PRINT 582

PRINT &3¢

PRINT S8g

PRINT &4, THICK,ALPHAC,ZYOT,UNWT,FPC

INPUT ENVIROMENTAL FACTORS

READ 650, CURTEMP,NTEMP,OELTATH, COLODTM,COLDBTN

08



000 o0

000

o000 (2]

o000

68

S2

108

INPUT MINIMUM DAILY TEMPERTURE
READ 655, (DT(I),1m§,NTEMP)
INPUT EXTERNAL LOAO

READ 663, TM 00, WHLOAD,WHBASE,S0ILK,WHLSTR
READ 665, TOLsLONGPR,NPRINY,IPLOT,TMS8CALE,FINAL

MAKE DEFAULT SETTINGS

IF (LONGPR,EQ ,SHYES ,AND ,NPRINT,LE,B) NPRINT = 20
IFCIFY,LE,D) 1FY 8 2

IF(TOL,LE,0,0) TOL = §,0
IFC(ITYPER,EQ, 2, AND,BHIGH,LE,B3,0) BHIGH = 18,0
IF (STRNMUL,EQ,0,0) STRNMUL » 1,0

IF (COLOTM,LT,NTEMP) COLDTM 3 NTEMP

IF (TMLOD+GE NTEMP) TMLOD & NTEMP

IF (NSTRN,EQ,0) GO TO 38
INPUT AGESTENSILE STRENGTM RELATIONSHIP

READ 668, (AGEU(I),TENSION(I), 1w}, ,NSTRN)
TENS®YENSION(NSTRN)
PRINT 670, ((AGEU(I),TENSION(I)),IS1,NSTRN)
GO TO 6@
PRINT 689
PRINT 690
00 5@ 1ay,8
OUMDUMSFPC*PERCENT (1) %0,81
1IF (ODUMDUM,EQ,8,) GO TO 4@
DUMOUMESTRNMUL#3080,/(3,+12800,/0UMDUM)
PRINT 70@, AGE(I1),DUMDUM
CONTINUE
TENSSSTRNMUL #3000,/(3,412000,/FPC)

INPUT 8LABBASE FRICTION RELATIONSHIP #w(FORCEsDISPLACEMENT#s)

PRINT T30
READ 738, (FEXP(I),YEXP(1),1m},1FY)
1F (1FY,EQ,2) GO To 8@
IF (IFY,6T,2) 60 TO 9@
FRICMULRFEXP(1)/YEXP(})
FusfFEXP (1)
PRINT Y40, FEXP(1),YEXP(})
GO TO 108
FRICMULBSQRT(ABS(1/YEXP(1)))InFEXP(])
FUSFEXP (1)
PRINT 780, FEXP(1),YEXP(})
GO TO 100
IF (FEXP(1),NE,®,0R,YEXP(]),NE,B,) GO TO 4u®
PRINT 768, ((FEXP(I),YEXP(I)),Im},IFY)
PRINT 808
PRINT 798, CURTEMP

PRINT 810

00 110 Imi,NTEMP
TEMPTEDT(1)
OT(1)mCURTEMPeDT (1)

IF (OT(I),LT,8) DT(1)me,

o000

000

110

116

8s2
854

130

149

PRINT 820, I,TEMPT,OT(I)
CONTINUE

PRINT 848, DELTATM,COLDTM
DELTATMSCURTEMPeDELTATM

CALCULATE WHEEL STRESS

IF (NSTRN,EQ,®) GO TO 111
DUMASTENS/STRNMUL
DUMBE (120300 ,#0UMA)/ (3000 ,»3,#DUMA)
ECONm3I w (UNWT#n] _§)w3QRT(DUMB)
60 TO 112
ECONBI3I w(UNWTww] S)XSQRT(FPC)
1F (WHLOAD,EQ,®,) GO TO 116
Qim] ,T242THICK
IF (WHBASE,GE,Q1) GO TO 113
BuSQRT (1,60 (WHBABE##2 )+ (THICK#n2,))e(,675+#THICK)
Go 10 114
BuwHBASE
Q28ECON®{THICKw®3,)
Q3myy,7In80ILK
STIFE(Q2/03)nn,2S
Q4m(,316#WHLOAD)/(THICK®#2,)
QS=ALOGIB(STIF/B)
WHLSTREQUn (4nQS+],069)
CONTINUE
PRINT 84S
PRINT 850
PRINT 846
1F (WHLOAD,EQ,?,8) GO TO 852
PRINT 851,NHLOAD,WHBASE ,80ILK,ECON,TMLOD,WHLETR
Go To 8Sa
PRINT 8S53,WHLSTR,TMLOD
PRINT Be@
PRINT 870, MAXITE,TOL
IF (IPLOT,EQ,3HYES) CALL PLOTEMP (TMBCALE,FINAL)
et A P R e T )
INITIALIZE PARAMETERS "
L L L e T T P T )
IF(LONGPR,EQ,3HYES) PRINT 500
XBAR = 4Be0o,0
IFINISHEY
TOLe@,B81#TOL
Ped, 01 nP
IF (ITYPER,EQ,2) ICLOSERE}
NEWBAR ® @
ANTEMPENTEMP
IBABYmQ
IBECK=Y
IBXBARED
IENDONES=D
1TEBmD
NTaNTPle}
HeXBAR/(2,0aNT)
18m}
AAAm}
ALOWEY ,SeBHIGH
NTIFLAGHE]
TIMERD,

18



DOWNINCE2,
UPINCe1@,
DELTATeE,
Ire,

AR RN B R AAR AR R R R REAR RN R R R AR NN RN R AN R A RN R AR AN N AR SRR AR RN AR RN RN
THIS SECTION OF THE PROGRAM NAS THE ALGORITMIUM FOR THE
INCREMENTAL APPROACH BEFORE THE TENSILE STRENGTH REACHES
A RAXIMUM CONSTANT LEVEL,

REARAR AR AR A AN R R AR AR R A RRA R R RN AN R AARA R AR NI AR R AR RN RN AR RN R AR RN RO R
IF (ITYPEREG,2,) BONDL®BLOW+ (BHIGHeBLOWI#RANB(®,)

189 ITTIMERD
168 CALL DELTEMP (TIME,DELTAT)
IF (TIME GE.ANTEMPY G0 YO 248
CALL FORwARD (TENBYRN,IY0T,2)
CaLlL PACKABE (8UM,INDEX)
IF (NEWBARLED,1) GO TD 130
IF (STRMAX. LY, TENSTRN) GO TO 178
NTIFLAGSe)
ITYINERITYYIMESY
17 CITTINE,GT MAXITE) GO YO 410
GO TO 160
17#  CONYINUE
IF C(ABSCSTRMAX) LT, 0,881) GO YO 158
FFLORTENBTRN
PETRMAXNSTRMAX
NTIPLAGSY
IF (IPINTSH,EQ,1) PRINT 490, TIMEZ,DELTAT,Z,TENSTRN,XBAR,CRACKN,
1 STRMAX,3TRESSSB(NTPY)

[aNaXs Xa Ry

[
[ LOCATE PDINTY 2
A
18¢ 1TENY
CALL DELTEMP (TIME,DELTAT)
IF (TIME . GELANTEMP) GO TD 208
CaLl FORWARD (TENITRN,ZTOT,I)
CALL PACKAGE (8UM, INDEX)
IF {(NEWBAR,EG,1) GO TO 139
DURMY R {BTRMAX=TENSTRNI/TENSTRN
IF (ABS(OUMMY) LT, ,TOL) GO TO 228
IF ((STRMAXTENSTRAN) ,GE,8,) 60 TO 209
PFLARTENSTRM
POTREAXBETRMAX
IF (IFINISH,EQ,1) PRINT 49@, TIME,DELTAT,Z,TENBTRN,XBAR,CRALKN,
1 STAMAX ,STRESSSINTPLY
GO TD 180
288 COoNTINUE
I1BxB4Rmy
218 CONTINUE
ITEmITESY
IF (ITE,GTMAXITE)Y G0 10 ase
CALL GETME (PFLEB,PETRMAX, TENSTRN,STRMAX,FOUT)
TENSTRNRFOUT
NTIPLAGNE
CALL BACKWAR (FOUT,ZTOT,D)
CaLl DELTEMP (TIME,DELTAT)
Call PACKAGE (BuM,INDEX)
IF (NEWBAR,EG,1) GO TD 138
DUMMYB (STRMAX«TENSTRN) /TENSTRN
IF (ABB(OUMMY) ,GE,TOL) GO TO 219
220 CONTINUE

IBXRAR®Y
ICRLOCme
RESPUNSHTIME
IF (JENDONE,EQ,1) 6O TO 232
XPAR®E, S*XBAR
ReXBAR/ (24wNT)
G0 YO 248
238 CONTINUE
BOUNDUSXBAR
XBAR® (BOUNDL+BOUNDUI#D, 8
MBXBARZ (2,4NT)
248 TRY1m2,#XBAR
241 CONTINUVE
IF (IYYPEREQ,2,) BONDLeBLOWS (BHIGHSBLOMI#RANB(E,)
CALL PACKAGE (BUM,INDEX)
1F (NEWBAR,ED,1) GO TO 138
1F (IBABY,EQ,8) §0 TO 232
CALL BABY (IENDONE,BDUNDL,B80UNDU)
TRY2mABS(TRY1eXBAR)
IF (TRYZ,LT,1,0) GO YO 258
GO0 TO 24y
2% CONTINUE
IF (IFINIBHM,EG,1) PRINT A998, TIME,DELTAT,Z,TENSTRN,XBAR,CRACKH,

1 STRMAX,3YRESSB(NTPY)
PFLESTENSTRN
PRTRMAXRSTAMAY
NTIFLAGHY
G0 YO 180
[ 4 ARANNA AR R RAN AR RN A AR RN AR AN AR R AR AR N AR AN RAAA RN RN R R IR RANNARRA RN RR
[4 THIN SECTION OF PROGRAM MAS THE ALGORITHM FOR THE INCREMENTAL
c APPROACH APTER TWE TENSILE STRENGTH REACHED MAXIMUM VALUE,
[ RRENARARR R A AR AR N R AN AN AN R RN R R AR AN A RA N A AR I RARANEAARR R AR RN R R R R R R
260 TIMERANTEMP
CALL FORWARD (TENSTRN,ZTOT,Z)
DELTATEDELTATH

IF (ITYPER,EQ,2,) BONDL=BLOWs (BHIGH=BLOA)ARANB(8,)
_27e IsIYOT
CaLL PACKAGE (8UM,INDEX)
IF (NEWBARLEG,1) GO TO 13@
298 CONTINUE
DUMMYB (STRMAX®TENITRN) /TENATRN
IF (ABS (DUMMY)I,LT,TOL) GO YO Je&@
IF (STRMAX,LT,TENSTRN} GO TO 324
1BXBARN]
ICRLDCey
1F C(IENDDNEEG,1) GO TO 32@
XBARRE SaXBAR
HEXBAR/ (2,%NT)
GO YO 278
308 CONTINUE
BOUNDUSXBAR
XBARS(BOUNDL +80UNDU) B S
HRXBAR/(2,%NT)
GO TO 272
328 CONTINUE
IF (ICRLOC,EN,@,AND,IFINISH,EQ,1) GO TO 372
NTIFLAGS]
IF (IENDONE,NE,1) BOUNDU ® 2,8 » XBAR
BOUNDL BXBAR
XBAR®{BOUNDUSBOUNDLI*Q,5

8



¢

HEXBAR/(2,2NT)

IF (IBXBAR,EG,8) GO YO 14@
IENDONESL
DUMNYR{BOUNDUBOUNDL) /BOUND

IF (DUMMY,LY,8) GO TO a2e :

IF (DUMMY_LT,TOL) GO 70 368

IF (ICRLDC,NE,®) GO TO 270
TIMEWRESFONS
IBECKER

6o To 1%@

362 CONTINUE
IF (IFINISH,EQ,B) GO TO 3890

318  CONTINVE -

CALL PACKAGE (SUM,INDEX)

XBARSXBAR/IZ,

PRINY 888, XBAR,CRACKW,STRMAX,STRESSSINTP1),TENSTRN

PRINTY 890

PRINY 988, (I,ALCTI)oYCI),F(1),CONSTRII),ATRESSS(I), I, NTPY)
382 CONTINUE

IF (IFINISH,EQ,.1) GO TO 1@
TEMXBARNXBAR
XBARSADOD 0
IFINISHRY

PRINT S3@
PRINT 548, (AN)(N),N3i,16)
PRINT 550, NPROB, (AN2(N),Na§,T7)
PRINT 489

GO TO 138

418 PRINT 91e
60 10 i@
43¢ CONTINUE
PRINY 928
60 Y0 ave
488 CONVINUE
PRINTY 949
GO Y0 are
a4s CONTINUE
PRINT AT7S,8TRMAX, TENSTRN,BOUNDU, BDUNDL
GO Y0 19
488 CONTINUE
PRINT 938, ITYPER
GO YO 4av®
463 CONTINUE
PRINT 960, ITE
478  CONTINUE

475 FDRMAT (//,10X,xERROR I8 DETECTED#*,/,10X,#8TRMAX =#,£18,3,/,

1 10X, #TENSTRN 3w, E10,3,/, 18X, #80UNOU a#,E18,3,/,
2 18X, %BOUNDL #w,E10,3)
488 FORMAT {62X,9MW MAXIMUM ,/, 2X,23H TINE  TEMP DRYING ,
S3IN  TENSILE CRACK CRACK CONCRETE STREBS IN ,/,

1X,%51H (DAYS) SHRINKAGE STRGTH SPACING
AX, 224 STRESS THE STEEL /)
4R0  FORMAT { 2X,F5,2,2X¢F5, 12X, E10,3,2X,F5,1,3%,F6,1,
1 1X,810,3,2(2%,E198,3))
$88 FORMAT ( 1M1 )
510 FORMAY (8410}
Sed FORMAY (AS,SX,7a10)
S38 FORMAY (SHi s THX,10H wenanTRINM)

DROP WIOTH

R -

540
55@
562
57e

Sae
59e
ode
610

Y4
(X1

442

(31
(11}
L 11
663
668
670

688
698

180
Tie

T30
TLR

158

760

194
éop

FORMAT (1X,8418)

FORMAY (//,5H PROB,/,A5,5X,7418,7/)
FORMAT (15,5X,6(E1€,3))
FORMAY (12X, 1Ha, 046X, 1He,/,

1 19X, 48H»

2 18X, 1Hw, UoX, 1Ha)
FORMAT (10X, 48 (1H*))
FORMAT (//,1%%,39H TYPE OF LONGITUDINAL REINFORCEMENT I8 ,/,

1 26%,14W DEFORMED BARS)

FORMAT (//,15%X,39H TYPE OF LONGITUDINAL REINFORCZEMENT 1§ ./,

1 23X, 214 DEFORMED WIRE FABRIC)

FORMAT (//,15%,24W PERCENT REINFORCEMENT u,E10,3,/,

STEEL PROPERTIES *o/

1 15X,24H BAR DIAMETER 2, E10,3,7,
2 15X,24mn YIELD STRESS 8,E18,3,/,
3 18X, 244 ELASTIC HOBULUS 8, E10,3,/7+
4 15%,201 THERMAL COEFFICIENT 5,E10,3,/7/7)

FORMAT c!a!.SElﬂ.loFﬂ.hIzoZX'12)
FORMAT (10X, 1H#, 06X, 1Hw,/,
10X 4BMn
18X, 1He, 86X, 1H*)
FORMAT (/7,15X,221 8LAB THICKNESS #,E19,3,/,
15X, 224 THERMAL COEFFICIENT =,E198,3,/,
185X, 224 TOTAL SHRINKAGE =, E19,3,/,
15X ,22M UNIT WEIGHT CONCRETE®,E18,3,/,
15X,224 COMPRESSIVE STRENGTH®,E10,3,//)
FORMAT (E18,3,15,5%,E18,3,5%,FS,1,F12,.1)
FORMAT ((16F5,1))
FORMAT (Sgi0,2)
FORMAT (FS,1,2X,43,15,2%,A3,F15,18,F5,9)
FORMAT ((16F5,8))
FORMAY (/7,15%,G0H TENSILE STRENGTM DATA A8 INPUY BY USER .2/,
1 14X, 161 AGE, YENBILE , /.
e 13X, 18H (DAYSY STYRENGTN ,/,
3 CISH,FS 8,2X,FS,1))
FORMAT (jax,22H TENSILE STRENGTN DATA, /7, 15X, 21 (1Hx))
FORMAT { /,18X,434 NO TENSILE STRENGYH DATA I8 INPUT BY USER ,/,
15%, 494 THE FOLLOWING AGE-TENSILE STRENGTH RELATIONSMIF ,/
1] 15X, 46H 18 USED WHICH I8 BASED ON THE RECOMMENDATION ,/,
15%,3TH GIVEN BY U.8, BUREAU OF RECLAMATION ,//,
15X, 150 AGE, TENSILE ,/»
14X,17H (DAYS) BTRENGTH ,/)
FORMAT (13x, 2(2X,FS5,1))
FORMAT ( /7,10X,Q8CIH*),/, 10X 1HR, 46X, 1K, 7,

CONCRETE PROPERTIES *y /e

N> -

2 W N

. R-R L g

1 10X, 1H*,5X, 354 SLAB#BABE FRICTION CHARACTERISTICB,6X,1Ha./,
2 10X, 1Ha p 14X, 1TH KoY RELATIONSHIP 15X, 1H, /, 10X, 1He, 46X, 1H*,/,
3 18X, 48(1Hn), /)

FORMAT ((BF19,4))

FORMAT (15X, 41nTYPE OF FRICTION CURVE 18 A STRAIGHY LINE,//,

1 18%,24M MAXIMUM FRICTION FORCES,FI0,4,/,

2 15X, 20 MOVEMENT AT SLIDING =, F10,4)

FORMAT (15%,36HTYPE OF FRICYION CURVE 18 A PARABOLA,//,

1 18X, 24M MAXIMUR FRICTION FORCE®,FI@,4,/,
2 15X, 241 MOVEMENT AT SLIDING ®,Fl1o,4)

FORMAT (11X,45WTYPE OF FRICTION CURVE I8 A MULTILINEAR CURVE,//,
1 17,548 FOIY, 8% 50 YOI, /77, 013%,2F18,4),/77)

FORMAT (14X, 20H CURING TEMPERATURER,FS,1,//)

FORMAT (///+10%,38(1Hn),/,

1 18X, 1He, 26X, 1Hw, /,

2 18%,3pHs TEMPERATURE DATA ;7 10%, 1He, 28X, 1M, /,

3 18%,38 (1M}, /7)

£8



818 FORMAT (20X, THMINIMUM,6X,THOROP IN,/,

1

18X, 3HDAY y5X, L IHTEMPERATURE »2X, 1 IHTEMPERATURE, /)

828 FORMAT (10X, (13,8X,F5,1,8X,F5,1))
84@ FORMAT (/,12X+36H MINIMUM TEMPERATURE EXPECTED AFTER ,/,

1 12%,37H CONCRETE GAINS FULL STRENGTH 5,FS,1,
e 22W DEGREES FAMRENMEIT  ,/,13X,#0AY8 BEFOREw
3 » REACHING WIN, TEMP, waFS, 1, X, 20AYS*)
BUS FORMAT (111,77 ,18X,48(1He))
Bas FORMAT (10X, uB{1He))
B53 FORMAT (18X, 1H%, 48X, HN,/,
18X, 48Hw EXTERNAL LDAD Ly

1
2
851 FORMAT (//7,1%%X,25H WMEEL LOAD (LBB)

U S LA e

19X, tHs 46X, 1Hn)

2,E10,3,7,

15Xs25H WHEEL BASE RADIUS (IN) 3,E18,3,/,

15X, 254 SUBGRAOE MODULYS (P8I) ®»,E10,3,/s

15X,2%5H CONCRETE MODULUS (PSI) ®,E19,3,//

1$X, 25K {LOAD APPLIED av ByX,F2,8,% TH DAY#,/,
15X ,25H CALC,LOAD SYREsS (P8I) =,E18,3,///)

853 FORMAT (//,15X,28H WHEEL LOAD STRESS (P81)s,E10,3./,

1SX,28M LOAD APPLIED AT W, X FR, 8,0 TH DAYW,///)

1
868 FORMAT (//7,10%,08C 1 HRY 17, 18X I Ha, 28X, 1H, /10X, 1He,8X,

87e
L1.T]

909
910

938

Que

959

Sse

i

334 ITERATION AND YOLERANCE CONTROL »7X,1H#,/,
10X, IHN 46X IHn, /10X, 4B INN),/7//7)
FORMAY (10X, 4BN MAXIMUM ALLOWABLE NUMBER OF ITERATIONSS,IS ,//
10x,28M4 RELATIVE CLOSURE YOLERANCE®,F5,1, 8H PERCENT,//)

1
FORMAT (1M]1,18X,34H AT THE ENO OF THE ANALYSIS PERIOD,/,

A O -

1
H

B N

/010X, 21W CRACK BPACING s,E19,3,6H FEEY ,
/919X 21H CRACK WIDTH w,€10,3,84 INCNES ,
Zo10X, 21H MAX CONCRETE STRESS=,E10,3,54 P8I ,
/,10X%,21H MAX STEEL STRESS »,E18,3,5H PSI,
7+10%X,21H CONC,TENS,STRENGYH ®,E18,3,5H P8I )

FORMAT (//,10X,48R STAw DI8w CONCRETE FRICTION CONCRETE
v axX,TH STEEL ,/,108X,2aM TION TANCE MOVEMENT ,
ax,31K FORCE STRESS STRESS ,/)

FORMAT (1@X,X5,2%,FS,1,2X,4(E10,3,2X,))
FORMAT (//,18%X,37H FOR ALLOWABLE NUMBER OF ITERATIONS, ,/,
18X,36M4 THE SDLUTION DOES NOT CLOSE ON THME ,
18X, 24H STRESS STRENGYH CURVE, ,/,
13X, 29HCURRENT PROBLEM 18 TERMINATED,/,
19X,18H PROGRAN CONTINUES)
FORMAT (//,18X,41H ERROR {8 DUYECTED By ITERATING ON CRACK ,/,
19X,41H SPACING, PROGRAM 18 TERMINATED, 3]

1
FORMAT (//7,18X,3nen ,aCURRENT PROBLEM 18 TERMINATED®IN #w,//,

B N -

LR e

1
H

1SX,#THE BOND LENGTYH T8 GREATER THAN THEw,/,
15X, #CRCP MOOEL, UNFORTUNATELY, FOR THISH,/,
15X #CONDITION, THE THEORETICAL EGUATIONSw,/,
15X, %00 NOT WOLD TRUE,w,/,23X,#PROGRAM LONTINUEBR)
(/7/7:18%,% ERROR I8 OETELTED #,/,
18X,* FRICTIONMOVEMENT CURVE INPUT 18 WRONG #,/,
18X,% F(1) AND Y(1) SHOULD BE ZEROS #,/,
12X, % PROGRAM I8 TERMINATED w)
FORMAT (//,18X, % ERROR [8 DETECTED »,/,
18X, wTYPE OF PERCENT REINFORCEMENT OPTION IS HOT RIGHTe,/,
12X, *ITYPER®#,IS)
FORMAT (/7/,18X,» PROGRAM I8 TERMINATED , ITE = »,I%)
END

FORMAT

44

ca

13

up

S&

&8

SUBROUTINE PACKAGE (SUM, INDEX)

COMMON /BLOCKL/Z RATIO, THICK,P,FF,STRAINC,ES,NTP1,U,D14A,UNNT
COMMON /BLOCK2/ SSC1PB1), AAA,WSC1B1),LONGPR, NPRINT,MAXITE,CRACKW
COMMON /BLOCK3/ XBAR,8TRSC,STRSB,SYRC,IBABY,ITER, NEKBAR

COMMON /BLOCKG/ AL(121),STRAINC1A1),CONSTR(121),STRESSS(10])
COMMON /BLOCKS/ FEXP(18),YEXP(10),FRICMUL JNT,FU,IFY

COMMON /BLOCKS/ ALPHAC, ALPMAS,EC,FPC,TIME,EP,TOL, ITYPER

COMMON /BLOCKS/ Y(181) ,REFF(1981),YP(1@1),H,ICL0SEB,YPITE(18])
COMMON /BLOCK9/ STX,8TY,PSX,P8Y,11E

COMMON /BLOCKIR/ FC131),B0NDL,Z,DELTAT,STRMAX, NHLSTR, THLOD, IBECK
OIMENSION SuM(121)

REAL L

INTEGER Aaa

LeP, 5 XBAR
00 10 Iml,NTPY
Y(IISREFF(II)mYP(I)uaL(])RF(1)m0,
S8SCIIuSTRAINCIIMCONSTR(I)wSTRESSS (1) x@,
CONTINUE
IF (ITYPERLEQ.1) CALL DFBARCTYMLOD,WHLSTR)
IF (NEWBAR,ER,1) RETURN
IF CITYPER,ER,2) CALL DFWIRE
IF (BONDL,GT,L) IBaBYS]
IF (BONDL LE,L) IBABYSD
B8TRAINCESSTRMAX/EC
CALL STRGENE (BONOL)
CALL SIMPSPE (STRAIN,NTP1,H,8UM)
CALL CONMOV (SUM,Z,DELTAT)
CALL FRIC (F)
DO 20 Jmi,NTPI
REFF(JISF(J)
IF (ITYPER,ER,1) CALL DFBARF(TMLOD,wHLSTR)
IF (ITYPER,EG,2) CALL DFWIREF
CALL SIMPSPE (STRAIN,NTPI,H,SUM)
CALL CONMOY (SUM,Z,0ELTAT)
CALL FRIC (&)
00 30 Jei,NTPI
F(JYS(REFF(JI+F(J))I*0,5

CaLL SIMPSPE (F,NTPl,H,S8UM)
FFuSUMINTPL)

IF (AAA,LT ,MAXITE) GO TQ %8
PRINT 98, aaa
PRINT (@@
PRINT 118, CTeAL(I),REFF(II,YPUI),Y(I),F(L),In1,NTPY)
IF(FRICMUL 4NE,B,B8) CALL BAKFRIC(F)

IF C(ITYPER,EG,.1) CALL DFBARF(TMLOD,WHLSTR)

IF (ITYPER,EQ,2) CALL DFwIREF

IF C(LONGPR,NE,3HYES) G0 TO 68
PRINT 120
PRINY t4e, TIME,Z2,DELTATY
PRINY 132, STRMAX
CALL SIMPSPE (BTRAIN,NTPI,H,SUM)
CALL CONMOV (SUM,2,0ELTAT)
CALL CLOSE (NTP1,INOEX,F)

IF (INDEX,EQ,1,ANO,ICLOSEB,EQ,1) RETURN
DD 2892 Imi,NTPY

IF ¢YP(1),6T,Y(I)) 6D TO 252

TEMPRREFF{1)

"8



2%2
2@

%

1908
110
129
132
140

1
2

REFF(l1aF(])

FLIIm(3,BxF(1)mTEMP) #@,5

60 YO 280
CONTINUE

FOIIR(REFF(I)+F (1285

CONTINUE
GO TO 4@

FORMAT (/7,18X,*RESULYS FOR ITERATION w, 15,/)
FORMATY €/ 12XenInyTX nAL(IIn TN AREFFW, ON ,aYPa 11X, YR, 11X aF %, /)
FORMAT (10X,15,5(2X,E18,3))
FORMAT (//,20X%,2IN THE PACKAGE ROUTINEw®,/)
FORMAT 19X, STRMAX 32,E10,3)
FORMAT { 19X,n FOR TIME OF » ,E10,%,/,
20X, *SHRINKAGE=# ,E108,3,/,

28X, #0ELTAT
END

=, E18,3)

AN MO

SUBROUTINE CONMDV (SUM,2,DELTAT}

ANARREER AR RRRARANAR AN AN RRRNAN RN RN ANARR AR ARRRAR AR ARANENRARARARRARA AN
THIS SUBROUTINE COMPUTES THE MOVEMENT OF THE CONCRETE AT
EVERY STATION , THE MOVEMENT I8 COMPUTED FROM THE DEVELOPPED
DIFFERENTIAL EGUATION ,

EARRRRRREAR A AN RAR AR ARRRAR AR RN RNNANANRAR RN AAR AT A AARAN RN RRNANRRANN A AR

COMMON /BLOCKLZ RATIOTHICK, P, FF,BTRAINC,ES,NTPL,U,D1A,UNRY
COMMON /BLOCKZ2/ SS(181),AMA, WB(131),LONGPR,NPRINT,MAXITE CRACKN
COMMON /BLOCK3/ XBAR,STRSC,STREB,STRC,IMABY, ITEB,NENBAR

COMMON /BLOCKY/ ALLIBL) ,STRAINI121),CONBYR(101),STRESSS(101)
COMMON /BLOCKS/ FEXP{1@),YEXP(18),FRICHMUL,NT,FU,IFY

COMMON /BLOCKS/ ALPHAC,ALPHAS,EC,FPC, TIME,EP,TDL, ITYPER

COMMON /BLOCKS/ Y(101),REFF{101),YP(181),4,ICLOSEB, YPITE(181)
DIMENSION sum{iRt)

INTEGER Aaa

00 18 Imi,NTPY
YCIIMBUMT) AL CID A CALPHACADELTATSZYeY(1)
1@ IF (ABS(Y(1)),6T,1,) GO TO 20
CRACKNMABSIY(NTPL) )2,
IF (LONGPR EQ ZHYER)Y PRINT 30, ((I1,ALTIY,STRAINCIY,SUM(IY, ¥ (1)),
1 IW{,NTPL,NPRINT)
RETURN

28 PRINY %8, (Y(1),Is1,NYPY)
3 FORMATC //,28X,%IN SUBROUTINE CONMDVH,
1 s/:18%, % INDEX DISTAMCE CON 8TR SUM co
AN MOV W, 2/, 0108X,15,4(2%.E18,3)))
$@  FORMAT (/,18X,4TN MOVEMENTS GREATER THAN 1| INCH ARE ENCOUNTERED ,/
L 9] 18X,8(2%,E10,3))
END

g8



[ N NsXsNaly)

SUBROUTINE CLOSE (N, INDEX,F)

L L L L e e e R L I L L L I Y]
THIS SUBROUTINE I3 USED WITH THE BINARY TECHNIQUE
OF MOVEMENT CLOSURE

L L At L e R T T Y )

COMMON /BLOCK2/ SS(101),AAA,WS(101),LONGPR,NPRINT,MAXITE,CRACKHW
COMMON /BLOCK4/ AL(181),STRAIN(C181),CONSTR(101),3TRESSS(101)
COMMON /BLOCKG/ ALPHAC,ALPMAS,EC,FPC,TIME,EP,TOL,ITYPER

COMMON /BLOCKS/ Y(101),REFF(101),YP(1@1),H,ICLOSER, YPITE(10Q1)
DIMENSION DIF(1@1),F(101)

INTEGER AAA

INDEX=S
BADm]Y,
IF(LONGPR,EG,3HYES) PRINT 4@
IF (AAALEQ,1) GO YO SO
00 20 I=2,N
IF (Y(1),EQ,8,) GO TO 20
IF (ABS(Y(I)),LY,1,E=08) GO TO 20
DIF(I)a(Y(I)ewYPITECI))/Y(])
IF (ABB(DIF(I)) GT,TOL) BAD=BAD+1,
20 CONTINUE
IF (LONGPR,NE,3HYES) GO TO 3@
PRINT 80
PRINTY 98, ((I,Y(I),YPITECI),DIF(I)),In1,N,NPRINT)
h I°] CONTINUVE
IF (BAD,GT,1,) GO TO So
INDEX = |
AAA = 1§
IF (LONGPR,EQ,3HYES) PRINT (0@
RETURN
50 CONTINUE
AAABAAASY
IF C(AAA GT(MAXITE) GO TO 70
MAlmAAAw]
DO 68 Imi,N
60 YPITE(I)mY(I)
IF (LONGPR,EQ,3MYES) PRINT 110,MA1,BAD,AAA
RETURN

10 CONTINUE
PRINT 120
PRINT 118, MA1,BAD,AAA
PRINT 80
PRINT 13@, ((I,Y(I),YPITE(I),DIFC(I),88(1),$TRESSSC(I),STRAINC(I),
1 CONBTR(ID,F(I)),1=1,N)

a0 FORMAT ( 28X,* Y YPITE DIF ®,/)

99 FORMAT ( 20X%,15,3(2%x,E10,3))

180 FORMAT (10X,3Has ,#SOLUTION CLOSES WITHIN THE SPECIFIED NUMBER DF
1ITERATIONS »,2Hwn,6/ )

11@ FORMAT ( /,18X,» SOLUTION OID NOT CLOSE FOR ITERATIONS,IS,/,
1 10X, *THE NUMBER OF POINTS THAT DID NOT CLOSE AREw,F10,8,/,
2 1H1,/7/7,108X,» RESULTS FOR ITERATION %,15,//)

128 FORMAT (//,18X,% BAD LUCK, SOLUTION DID NOT CLOSE w,//)

130 FORMAT ( 20x,15,8(2X,E10,3))

14Q FORMAT(//,30X,»IN SUBROUTINE CLOSEw,/)

END

cc

1@

20

3o
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60
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SUBROUTINE BAKFRIC (F)

COMMON /BLOCK1/ RATIO,THICK,P,FF,STRAINC,ES,NTPL,U,DIA,UNNT
COMMON /BLOCK2/ SS(101),AAA,WS(191),LONGPR,NPRINT ,MAXITE,CRACKN
COMMON /BLOCK3/ XBAR,STRSC,3TRS8,8TRC,1BABY,1TEB,NEWBAR

COMMON /BLOCK4/ AL(121),3TRAIN(1D1),CONSTR(19¥1),STRESSS(181)
COMMON /BLOCKS/ FEXP(1@),YEXP(1d),FRICMUL,NT,FU,IFY

COMMON /BLOCK6/ ALPHAC,ALPHAS,EC,FPC,TIME,EP,TOL,ITYPER

COMMON /BLOCKB/ Y(121),REFF(101),YP(1@1),H, ICLOSEB,YPITEC(1BY)
DIMENSION F(1081)

INTEGER AAA

IF (IFY.EQ,1) GO TO 4@
IF (1FY,EQ.2) 60 TO 68
DO 30 I=y,NTPY
00 1@ Juy,IFY
IF (ABS(F(I)).LT,ABS(FEXP(J))) GO TO 28
CONTINUE
YP(I)RYEXP(IFY)
G0 T0 3o
CONTINUE
DUMDUMB(FEXP (J)eFEXP (J=1))/(ABS(YEXP(J))=ABS(YEXP(Je1)))
YP(I)mABS(YEXP(J=1)) 4 (ABS(F(I))=PFEXP(Je1))/DUMDUM
IF (F(1),GT,8) YP(I)meYP(])
CONTINUE
RETURN
CONTINUE
DO 5@ Is),NTPY
YP(1)=F(I)/FRICMUL
IF (ABS(FC(I)),GE,FU) YP(I)mYEXP(1)
CONTINUE
RETURN
CONTINUE
00 78 I=1,NTPY
YP(I)B(F(L)/FRICMUL)®wn2
IF (ABS(F(1)),GE,FU) YP(I)=YEXP (1)
IF (F(1),GT,0) YP(I)meYP(])
CONTINUE
RETURN
END

98



cc

14

SUBROUTINE BABY (IENDONE,BOUNDL,BOUNDY)

COMMON
COMMON
COMMON
COMMON
COMMON

/BLOCK 3/ XBAR,STRSC,STRSB,STRC,IBABY,ITESB, NEWBAR
JBLOCKGZ ALC301),STRAINCI®L),CONSTR(101),8TRESSS(101)
/BLOCKSZ FEXP(1@) ,YEXP(18) ,FRICHUL /NT,FU,IFY

JBLOCKSZ ALPHAC,ALPHAB,EC,FPC, TIMNE,EP,TOL, ITYPER
/BLOCKBY Y(1@1),REFF(181),YP(181),4,3CLOSEB,YPITE( Q1)

1oABY = 2

BOUNDLBXBAR

1F (IENDONE,EGQ,1) 60 TO (@

RETURNM

RETURN
END

BOUNDUS2  *XBAR
XBARS(BOUNDL+BOUNDU) =0, %
WRXBAR/(2,#NT)

TENDONEm]

XBARS(BOUNDL+BOUNDU)*8,S
NRXBAR/(2,2NT)

IO OGO

[aNaXe)

(2]

1@

15

1

SUBROUTINE DFBARF

RARRR R RN AR AR R R R R AR AR AN AN AR A AN RN R R AN RE AR R RN RRR RO R RAR RN IR
THIS SUBROUTINE SOLVES FOR THE STRESS IN TWE STEEL AT THE CRaC
AND BETWEEN CRACKS, IT I$ USED IN THE CASE OF ODEFORMED BARS 8§
THE DEVELOPMENT (ENGTH CRITERIA OR BOUNDARY CONDITION IS IMPOS
IN THE SOLUTION OF THE BASIC EQUATIONS,

WRRER AR RRR AR AR R R RN AR R RN R R RN R R AR AR AR NN N AR E R R AR AR AR AR AR R R R AN

COMMON /BLOCKL/ RATIO, THICK,P,FF,STRAINC,ES/NTPL,U,DIA,UNWT
COMMON /BLOCK2/ S8{101),AAA,WE(131),LONGPR, NPRINT MAXITE,CRACKN
COMMON /8LOCK3/ XBAR,8TRSC,S5TRSB,STRL,IBABY,ITEB,NEWBAR

COMMON /BLOCKS/Z ALCIB1),8TRAINCIDL),CONSTR(181),STRESSS(1021)
COMMON /BLOCKS/ FEXP{1B),YEXP(10),FRICMUL (NT,FU,IFY

COMMON /BLOCKE/ ALPHAC ,ALPHAS,EC,FPL, YIME ,EP,TOL,ITYPER

COMMON /BLOCK?7/ BIGHMASC,SIGMASH ,NA,NAPL,E,A,S,DEND,NAPZ

COMMON /BLOCKSB/ Y{181),REFF{181),YP(1081),H,ICLOSEB,YPITE(1Q1)
COMMON /BLOCK18/7 F{131),BONDL,Z,DELTAT,STRMAX,WHLSTR, THLOD, IBECK
DIMENGIDN SyM(18Y)

INTEGER Ahah

ICLOSESBw
ABALC(NTPE)=BONDL

IF (A,LE,B,) G0 TO 1S
NARAZHe L ¢EP
EmiwAi (NA)

IF (NAGT NT) GO TO 5@
NAPImNA®]
NAPZRNAS2
NAM|SNAw]
DENORTHILK*(Pef,/RATIO)
SyuMime,
SuyM2ama,

00 18 Iwi,NAMi

BUMISSUMLe (2wNA=(R,%T+1))n{wF(1)/DEND)
BUMZBSUMR4 (F (1) /DEND)

DEFINE CONBYANTS

SueF {NAPL) /DEND
ANABNA

CONTINUE
BONDCONBDIA/Z Ca,nl))
Clal o4l ,/(RATIONP)
C2mECH (Z4DELTAT# (ALPHACWALPHAB) ) /P
CIRFF/(PTHICK)

IF (A, LE, @,AND,IBECK,EQ,1) GO TO 16
CusC2=C3
CSaMaSUMReBE
ComMmHagUM B, §
CTS(ANA=], ) uN
CanHaSUMZAE+SwEnE#D,S
L9mwlCi/C14CS

DEFINE GQUADRATIC EQUATION CONSTANTS

AASBONDLON®(! ,wl /7(C1L1))n8,5
BBm({CT+E} /Ci=BONDCONRCO/CY
CORmALPHASKALINTPLIRDELTAT*ES«CU=(CT+E)
JC14CoeCBeBUNDCONRCIRL B, S

L8



18X, *ROOTImw,E10,3,/
DELTASBBBB=U, #AAALE 18X, 4R00T28a,E10.3, /)

1F (DELTALT,B.) GO 1O 68 18X,» ERRGR 18 DETECTED IN SUBROUTINE DFBARF,RO0TZ I8 POS.#)
¢ 126 FORMAT (/,20X,% ERROR IS DETECTED #,7,

L

RDOTIm(wBBsSORT(DELTAY)/(2,%4AA) 1 18X,% NA = 2, 15,18X,s NT n »,18,/,
ROOT2W («BB=SORT(DELTA)) /(2,%AA) 2 12X,% B = %, Fi0,3,5X,» AL ® #,F12,5,/,
IF (ROOT2,67,8,) GO TO 4B 3 18%,% H B #,F18,3,5X,« A = #,F18,8)
SIGMASCERODT) 138 FORMAY (/,18X,~ERROR 18 DEVECTEDe,/,
SIGMASBE(BIGMASCeCL) /CH 1 18X, » DELTA IS NEGATIVE ANDme,E18,3)
BONDLCW (B IGMASCo(SIGMABBCS ) InBONDCON 148 FORMAT (/,10X,» ERROR 18 DETECYED IN BUBROUTINE OFBARFe,/,
IF (A,GY,@,AND,IBECK 20,8) GO TO 17 1 18X, % DUM2 18 NOY EQUAL TO AhAAn,/,
16 SIGMABCEALINTPY) /{2, #BONDCON) ¢ESWALPHASHDELTAT 2 18%, % DUME®®,E15,7,2X, 0 AdAARs, E£15,7)
BIGMASBE (SIGMASCeCReCI)/CY END
BONDLC (S IGMABCSIGMASB) »BONDEON
17 DUNE(BONGLC=BONDL ) /BONDLC

IF CABSCOUM) LE,TOL) ICLOSEBSY
IF (ICLOSEB,EG,1) ITeERsR
ITEBSITER]L
IF (ITEB,GT.MAXITE) GO To 20
BUNDLSBONDLC

CONPUTE AREAS FOR BUMNATION CHECK

SO0

AluHa ((2,#ANAC2 Y B IGMASBeHNOUNL ) 02,5
AZRSIGHASBREeHoSUNIAESSeEE*D .S
AJa(BIGHMASBICS+SIGHASCInBONDLD,S
AAAAMALSAZOAD
IF (IBECKEQ, 1Y AAAASALINTPI)I®(SIGMASCw (ALINTRI)»
H (SIGMASC=SIGHASE) )/ (2, %BONDLY)

DUMZBALPHABRAL(NTPL)*DELTAT«ES
IF (ABB(AAAA®DUM2)Y ,GT,1,E=S) GO YO 7
CALL POIRES (LOCMAX)
RETURN

e CONTINUE
PRINT 90, ITES
GO TO 8¢
30 CONTINUE
PRINT 18D, A
G0 YO0 B@
1] CONYINUE
PRINY 112, DELTA,ROOTi,RO0TR
GO YO 8¢
b1 CONTINUE
PRINT 128,NANY,BONDL,ALINTPL), K, A
60 70 8¢
(1] CONTINUE
PRINY 139, DELTA
Go TO 8@
hL] CONTINUE
PRINT $48, DUM2,AAAA
(1] CONTINUE

4
L] FORMAT (//,10X,* SOLUTION DID NOT CLOSE BY ITERATING ON BOND w,
1 *LENGTH IN SUBROUTINE DFBARFw,/,10X,#PROGRAM IS TERMINATED#,
H /,10X,« ITEB=w,1%)

108 FORMAY (//,10X,*ERROR 18 DETYECTED IN ODFBARFs,/,
1 19X,04 I8 NEGATIVE ANDEw,E18,3)
$18  FORMAT (//7,10%,4DELTAun,E10,3,/,

88



FUNCTION RANB (ARG)
ce
OATA PY,RANB/3,0576752, 379845342/
[
IF (ARG,LT,9,8) RETURN
IF (aRG,GT,0,0) GO TO 2@
18 TEHPBRAND
RANBSRANG#PYN] 235THL3E+S
NSRANS
RANBEABS (RANBWN)
PYRTEMP
RETURN
20 NEARG
PYmaBS(ARGeN)»4,0585548
60 To 1@
END

(2 EaRaRalyl

(2 %2 22]

OO

ey

1¢

SUBROUTINE DFBAR

THIS SUBROUTINE COMPUTES THE STRESSES ANO STRAINS IN THE CONCRETE
SYEEL OUE 7O A TEMPERATURE DROF AND/OR SHMRINKAGE ,
THE EQUATIONS ARE wWRITTEN FOR A FRICTIONLESS SYSTEM

CUMMON
COMMON
COMMON
COMMON
COMMON
COMMDN
COMMON
COMMON

/BLOCKY/ RATID, TMICK,P ,FF,STRAINC,ES/NTP1,U,DIA,UNNT
/8L0CK2/ 88(101) s ARA,NS((01),LONGPR,NPRINT, MAXITE,CRACKS
/8LOCK3/ XOAR,8TRSC,8TRYB,STRC,INABY,ITER,NEWBAR
/BLOCKG/ AL(101) STRAINCIDI),CONSTR(121),STRESSS(1#1)
/BLOCKRS/ FEXP(10),YEXP(18),FRICMUL,NT,FU,IFY

/8LOCKG/ ALPHAC,ALPHAS,EC,PPC,YIME,EP, TOL,ITYPER

/BLOCKS/ Y(101),REFF(121),YP(1@81),H,ICLOSEB,YPITE(101)

/BLOCKIU/ F(101),80N0L,Z,0ELTAT,STRMAX, WHLSTR,THLOD,IBECK

INTEGER AAA

HXBAR = B,% « XBAR
IF (Z2,LT,0.0R,DELTAT,LT,d,) GO TO 42
1F (IBECcx,EG,1) 50 1O 20

COMPUTE (ONSTANTS

CIS{RATIO®P) /(1 ,+RATIO»P)
CRe(EBAT) /(] +RATIONR)

CIR(l,=Cl)nDIas (a0}

CuaCe«DIA/(4,»U)

ARBCInling3

BEEXBARCiaCiaCheC20L 3004
DOReERuXBARMDELTATHALPHASwXBARCCIHCR2eCH
DELTAZBA*HEwl ,wAADD

IF (DELTA,LT,2,) &0 Y0 98

STRSCs STRESS IN THE STEEL AT THE CRACK
8TRIB® STRESS IN THE STEEL BETWEEN CRACKS
STRACs ATRESS IN CONCRETE

STRECH («BB+ (OELTARB,5))/(2,244)
STRBBRCIw*ETRECm(2
STRCWSTRBB/RATIOCECHZ
Be({ATRBC8TRSB)*0IA/ (4, BaU)

IF (B,LE,2,) 60 YO 38

IF (8,67,H) GO T0O 14

XEARR IO ,»B

NEWBARS]

RETURN

IF (8,56 ,MXBARY GO TO 20
CRAWS(ALPHACHDELTATHZ)aNABAR® (BTRC# (MXBAR®B) I /ECoSTRC#B/ (EC*2,)

CHEm(XBAR®2, , #B) w3 TRSB¢ (STRSC+STRSBI «B
CHECKSCHEESwXBARRDEL TATwAL PHAS

IF (ABA(CHECK) ,GT,1,Ee2) GO TO 70

" CHECKING YHE SOLUYIOM BY SOLVING FOR CONCRETE STYRESS FIRSY

CLImDIAZ (A, nunPep)

CL2aXBARARATIO

Ci3uXBARRESH]
CLUMALPHASHXBARRES*DELTAT
DEL=C12aC1244,o011e({C134C14)
CONCRES®(wCY2+SORT(DEL))/Z(2,2C11)
RS (wBBeSORT(DELTYA))/(2,244)
RUB( 1 *R2=C2

68
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50

(1

28

*

144

ROBRUZ/RATIOGECZ
IF (R6,67,8) GO T0 5@
IF (R2,67,8) G0 TO 58
IF (LONGPR.EG,3MYES) PRINT 138, C1,C2,C3,C4,AA,88,0D,
DELTA,OEL,CONCRES
1F (ABB(STRC=CONCRES) GT,1,E»7) GO TO 82

END OF aBDVE CHECK

6o 10 2%
IBECK®]
Clm1,+(1,/RATID)
Ca-(!C/P)'(DELYAT'(ALPMAC-ALPHAS)OZ)
S?QSeltl./C!)tt(ﬁxBAR-a.-U)/(2.-D!A)ota-ALPRAs'OELYAT)vccalcx)
STRICE (KXBARRE L) /(2,%014) +ESHALPHASRDELTAT
STRCE(4,sUsHXBAR®P)/DIA
B(STRSC=8TREAIFDIA/ (U4rl)
{B,LY . HXBAR) GO YO 198
CRAWS(ALPHACKDELTAT*Z) wHXBARe (STRCAKXBAR) /(2,2EC)
STRAREARMXBAR® (2 ,#8TREC=(HXBARSSTREC) /B+{KXBARNSTRSE)/B)/
(2,"

ES)
IF C(ABS (STRAREA»ALPHAS*DELTATANABAR) 6T, 1,E=7) 60 TO 128

STRMAXRSTRC

STRAINCHSTRC/EC

BONOL B

19 (LONGPR,EG,3IMYES) PRINT 128,P,0ELTAT,Z,XBAR,8TRSC, STRAS

s8TRC,EC,B,CRAN
IF(ISECK,EQ, 1) GO TOD 28

COMPUTE AREA UNDER STEEL STRAIN OIAGRAM FOR THE ASSUMED
FRICTIONLESS SYSTEM

DUMISHXBARwE
STRAREABDUM] #BTREB/ES+ (STRSB4STRACI B/ (2, 4E8)

1F (ABS(STRAREAwALPHAB®DELTATRHXBAR),GT,1,E~7) GO TO 120
BTRMAX®STRC

STRAINCHSTRC/EC
8ONDLEB

COMPUTE CRACK WIDTN BY USING D.E, CONCEPT

CRWIDTHMEZABONDL# ((STREC+STRSBI/ESeSTRAINC)#BONDL#E, S
DUMIR(CRANCCRWIDTH) /CRAN

IF (ABS(DUM1),.67,8,21) GD TO 68

CONTINUE

RETURN

CDNT INUE

PRINT 148, 8
60 To 118

CONTINUE

PRINY 1S58, I,DELTAT
GO To 11@

CONTINUE

PRINT 158, R2,RU4,RE
G0 TO 110

CONTINUE

PRINT 170, CRAW,CRwIDTH
60 70 110

C

74 CONTINUE
PRINT (2@, P,DELTAT,Z,XBAR,STRSC,STRSB,3TRC,EC,B,CRAN
PRINT 188, CHECK
GO T0 119
as CONTINUE
PRINT 12¢, P,DELTAT,Z,XBAR,STRSC,8TRSB,S5TRC,EC,B,CRAN
PRINT 198
G0 10 118
24 CONTINUE
PRINT 22e

188 CONTINUE
PRINT 210
PRINT 220, STRAREA
195 CONTINVE
PRINT 115
PRINT {16,8,HXBAR
118 CONTINUE

[+
115 FORMAT (//,18X,«IN SUBROUTINE DFBAR, BOND LENGTTH I8s/,

1 12X, % NOT GREATER THAN HALF THE CRACK 3PCING »)
116 FORMAT (//,1@X, «BONDL 22,£19,3,/,
18X, *HALF XBAR ae,E12,3,7/7)

120 FORMATY (//,10%,« PERCENT REINFORCEMENT % ,E10,3,/,
1 taX,» YEMPERATURE DROP s, £10,3,/,
2 18X, % BHRINKAGE wa E1R,3,7,
3 1@X,n CRACK SPACING mw,£10,3,/,
4 1@%,» STEEL STRESS AY CRACK e ,E18,3,/,
5 10X,» ATEEL STRESS BETWEEN CRACKS =« ,E10,3,/,
[ 18X, » CONCRETE STRESS 52 ,£10,3,/,
? 18xX,» CONCRETYE HODULUS =, E18,3,/,
8 18x, % DEVELOPHENT LENGTH ue,£10,3,/,
9 18%,n CRACK wIDTH an,£10,3,/77)

138 FORMAY( //,28X,»IN SUBROUTINE OFQARw,

DO & #,81Q,3 ,//,10X,

DELTAS »,£10,3 ,

DEL * «,E10,3 ,

CONCRES we,E{0,3, )

148 FORMAY (//,10X,=ERROR I8 DEYECTED IN SUBRQUTINE DFBARW,/,
18X, «BONC LENGTH 18 NEGATIVE ANDw#,E10,3,/,

1 F7:18%, L1 o= w,E10,3 ,

2 * C2 » »,E10,3 ,

3 * €3 = »,g10,3,

M * CO m #,E18,Y ,/,10X,
5 * Ak ®m w,E10,3 ,

s » BB = #,E10,3 ,

7 ]

8 ]

9 ]

A -

150

~N -

18X, #PROGRAM 18 TERMINATEDN)

FORMAT (//,18X,» ERROR IS5 DETECTED IN SUBROUTINE TEMPSHR #,

1 10X, » I s n,£10,3,/,
2 18X, % DELTAT = w,E10,%)
160 FORMATY (/7/,18X,#ERRDR IS DETECTED IN SUBROUTINE TEMPSHR #
i 1@X,» STEEL STRESS AT CRACK me,E10,3,/,
2 {4X,% STEEL STRESS BETWEEN CRACK =»#,E{@8,3,/7,
3 1@X,» CONCRETE STRESS wx,E10,3)
178 FORMAY (//,10X,«ERROR I8 DETECTED IN THE COMPUTATION OF CRALK®,/,
1 18X,» wIDYH FOR THE FRICTIONLESS SYSTEM®,2(5X,E10,3))
18 FORMAY (//7/, 10X,* ROOTS DO NOT SATISFY EQUATION 1 #,/, 18X,
1 & CHECK® o, E10,3)
198  FORMAT (/7,10X,% SOLUTION ONE DOES NOT MATCH SOLUTION TwD #)
200 FORMAT (//7,38%,«DELTA I8 NEGATIVER)

06



218 FORMAT  (/,10X,#8OMETHING 18 WRONG, THME AREA UNDER STEEL STRAIN DI
{AGRAM I8 NOT EQUAL TO ALPHAS w,iHa,x DELTAT »,{H¥,x XBAR / 2%,/)
220 FORMAT (//,18X,» AREA UNDER SBTEEL STRAIN DIAGRAM FOR FRICTIONLESS
18LA8 = »,E10,3,//)
END

M

(e T s N 221

30

48

e
(3]
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9@

162

11e

128

13e

SUBROUTINE FRIC (F)

COMMON /BLOCK1/ RATIO, THICK,P,FF,STRAINC,ES/NTP1,U,DIA,UNNT
COMMON /BLDCK2/ 85(101),AAA,NS(101),LONGPR,NPRINT, MAXITE,CRACKNR
COMMON /BLOCK3/ XBAR,STRSC,STRS8,9TRC,IBABY,ITED,NEWBAR

COMMON /8LOCKA/ AL(121),8TRAIN(IS1),CONSTR(1¥1),8TRESSS(181)
COMMDN /BLOCKS/ FEXP(18),YEXP(18),FRICMUL 4NT,FU,IFY

COMMON /BLOCKS/ ALPRAC, ALPHAS,EC,FPC, TINE EP,TOL,ITYPER

COMNON /BLOCKSB/ Y(121),REFF{101),YP(181),4,ICLOSEB,YPITE(18])
DIMENSIDN F(121)

INTEGER AdA

BEYOND & 2,8
IF(LONGPR,EQ,SHYES) PRINT 162
1F (IFY EQ,2) GO T0 4@

IF (1FY,67.2) G0 YO 9@

BLOPERFRICHUL

COMPUTE FRICTION FORCES FROM STRAIGHTY LINE GRAPM

00 30 Isi,NTPI
FI)aY(I)*8LOPE
IF CABSC(F(I)) LE,FU) GO TO 3@
I¥ (F(1),GT,8,08) F(I)aFy
IF (FID),LT,2,2) F(lluwFU
CONTINUE
GO YO 13§

COMPUTE FRICTION FORCES FROM PARABOLA
DO 89 Is1.NTPIL

IF (Y(1),67,8,) 60 Y0 %9
F(IYRFRICHULNSQRY (ABS(Y(I)))
G0 10 a2
CONTINVE
F(I)seFRICMULXBORT(Y(I))
CONTINUE
IF (ABS(F(I)},LEFU) GO TO 8@
18 (F(1),67,8,2) F(l)aFy
IF (FC1),LT,0,8) F(l)aeFu
CONTINUE
IF (LONGPR,EQ,IMYES) PRINT 180
GO TO 135

CONTINUE
COMPUTE FRICTION FDRCES FROM INPUT POINT CURVE
DO 138 Isi,NTP)
00 182 Jei,IFY
IF (ABSCY(I)) LT ABS(YEXP(JI)II GO TO 110
CONTINUE
BEYONDRBEYOND#1,
FUIISFEXR{LIFY)
GO0 1O 129
CONTINUE
DUMDUMSCFEXP (J)wFEXP(Jwl1)) /{ABS(YEXP(J)IABS(YEXP(Je1)))
FCIISFEXP(Jm1 ) 4DUMDUM (ABSCY (1)) wABS(YEXP(Jm1)))
CONTINGE
IF (Y(1),67,0,0) F(l)seF(I)
CONTINUE

16



[sXe T2l

135 IF(LONGPR,ED,SHYES) PRINT 178, ([, ALLI),Y(I),F(1),]u1,NTPi, NPRINT)
COMPUTE THE YOTAL FRICTION FORCE

IF (BEYOND,.GT,0,) PRINT 1984, BEYOND
FF a 3,0
DO 150 Imi,NT,2
FRRFFO{F(1Yod, aF (Il YeF{142))20/3,
182 CONTINUE
IF (LONGPR,EQ,SHYES) PRINY 204, FF
RETURN

¢
16@ FORMAT( //,28X,*IN SUBROUTINE FRIC#,/)

178 FORMAY ( LN nIn 6X, ®alCI)n, 7X, 0y (1) n,BX,oF(1)n,//,
1 ax, 15, 3(2%,£10,3)))

188 FORMAY ( /,18X,#FRICTION MOVEMENT CURYE 1S 4 PARABOLAs,/)

19@ FORMAT (/7,18X,«IN COMPUTING THE FRICTION FORCES FROM MOVEMENTS,/
1y 10X,FS5,8,% POINTS EXCEEDED THE MAX MOV ON FeY CURVE#®)

280 FORMAT (/,10Xe TOTAL FRICTION FORCE &»,E12,.3)
EnND

cc
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SUBROUYINE DFWIREF

COMMON /BLOCK1/ RATIO, THICK,P,FF,8TRAINC,ES)NTPL, i, 014 ,UNNWT
COMMON /BLOCK2/ $8C101),AMA,MS(181),LONGPR,NPRINT ,MAXITE,CRACKN
COMMON /B8LOCK3/ XBAR,STRSC,STRSH,9TRC,IBABY,ITEB,NEWBAR

COMHON /BLOCK4/ ALCI@E),STRAIN(I®1),CONSTR{191),8TRESSS(181)
COMMON /BLOCKS/ FEXP(18),YEXP{18),FRICMUL NTFU,IFY

COMMON /BLOCKS/ ALPHAC,ALPHAS,EC,FPC, TIME,EP,TOL, ITYPER

COMMON /BLOCKT/ SIGMABC,SIGMASB NANAPYL,E,A,8,0ENO,NAP2

COMMON /BLOCKS/ Y{101) ,REFFLI81),vP(1®1),H,ICLOSEB, YPITE(IB1)
COMMON /BLOCKI4/Z FO1@13,BONDL,Z,0ELTAT,8TRMAX, WHLSTR, THLOO, IBECK
DIMENSIDN BUM(}1BY1)

INTEGER AAA

COMPUTE THE STRAINS DUE TO FRICYIDN FORCES DEVELOPED
DUE YO SLAB MOVEMENT

ABALINTP{)wBONOL
IF (A,LE,@,) GO TO S@
NABA/ZHeSoEP
Ewhmdi (NA)
IF {(N&A,GT NT) GO TD s2
IF (LONGPR,EG,3HYES) PRINT 98, H,BONDL,AsNA,E
NAPSBNAS]
NAPRANASR
NAMIBNAm]
NAMIONAwR
DENOSTHICK® (Pe ), /RATIQ)
COMPUTE YHE SLOPE T0 THE STEEL STRAIN DISTRIBUTION CURVE BY

DIVIDING THE FRICYION FORCE BY OENO AND CONSIDERING THE
S5IGN CONVENTION ADOPTED IN THIS STuUDY
SLOPE(IY & « F(I) / OENO
SUmMiER,
Sum2sp,
DO 20 Ini,NAMY
BUMISIUMLS (24NAw(2,#]41))w(wF(I)/DEND)
SUM2=SUM2s (wF (I)/DENO)

CONTINUE
IF (LONGPR,NE,3HYES) GO TO 3@
PRINT t@8
PRINT 119, SUM1,8UNn2
CONTINUE
DEFINE CONSTANTS FOR SOLUTION OF EQUATIONS

Clut +1,/(P*RATID)
Cen({Z4DELTATH(ALPHACSALPHAS)I®EC) /P
C3RFF/{PaTHICK)

SE«F{NAP1)/DEND

SOLVE FOR STRESS IN STEEL BETWEEN CRACKS AND AT CRaACK

DUMIBALPHAS®ALINTPI)aDELTAT#ESwHAMaEUMI 2 SeExHrIUM2e
S*ExE#P Se{HeSUN2+8+E«C2=C3)+BONDL»2,5
ANARNA
DUMERHE{2 #aNA=2, 328 SeEe{ (1, +C1)»BONDL)*B,5

z6
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T2

(-2

SIGMASBEDUML/DUNR
SIGMASCMCIwSIGHASB+CRaCS

CHECK FOR THE SUMMATION OF STEEL STRESSES UNDER THE

STEEL DIAGRAM

AIE(((R.*ANAwD, IXBIGMASBeHABUM]IAH)IE, S

AZB (2, #SIGHASRA+2, AHASUM+SHE)IREND,S

A (SICHMASBeHASUMZ+SHE+SIGMABC)I #BOND #0,5

DUMISAL¢AZH+AD
DUMZRALPHASSRAL (NTPEI)ADELTATES
DUM3ISDUM{=DUM2

IF CARS(DUM3),GT, i E=4) GO TO 7@

COMPUTE THE STEEL AND CONCRETE STRAIN AT EVERY INCREMENT
THE STRAIN I8 COMPUTED IN THE BONDED AND UNBONDED SECTIONS

CALL POIRES (LOCMAX)

1F (LDNGPR,EG,3MYES) PRINT 128, SIGMASB,3IGHMASE, STRMAX,LOCMAX

RETURN

CONTINUE
PRINT 138, A
GO TD B2
CONTINUE
PRINT 148, NA/NT
GO 10 Be
CONTINUE
PRINT 150, SIGMASC,8IGMASE,DUMY,DUMZ,DUND
CONTINUE

98 FORMATC /7,28X,eIN BUBROUTINE OFWIREF®,

109
lie
120

132
148
1%

A /7410%, % INCREMENT LENGTH e, E18,7,/,

H 19X,% BOND LENGTN LIFT SN Y

2 18X, % NO SLIPPAGE LENGTH ue ,E84,7,/,

3 18X,% NO OF INCREMENTS ,NA ux,]IS e/

4 18%,% E wx,E1U,7,77)
FORMAT (/77,10X,» INDEX SLOPE Sumy SUME =, 7)

FORMAT (/,18X,v SUNT wn,B18,3,10X,x SuM2 e, E16,3,/)
FORMAT (//,18X,+ STEEL STRESS AT MIDSPAN ", E18,3.7,

R e

18X,x STEEL STRESS AY CRALK %, E18,3,7,
10X, % MAXIMUM CONCRETE STRESS e ,E18,3,7,
10X, 28TATION OF MAXIMUN STRESS I3 «,15,/)

FORMATY (/77,1AX,«ERRDR I8 DETECYED IN DFWIREFs,/,

1 18x,%A I8 NEGATIVE AND ®a,E18,3)

FORMAT (/,28X,% ERROR I8 DETECTED #,/,
18X, % NA & »,IS5,1HX, % NT u #,185)

FORMAT (//,20X, % ERROR IS DETECTED » ,/»

1 10X, » STEEL STRESS AT CRACK

2 18X, « STEEL SYRESS BEVWEEN CRACKS
3 19X, * SUMMATION OF A1,A2,AND A3
& 18X, * ALPWA | DELTAT ES

s 12X, » ABSDLUTE DIFFERENCE

END

wx,E18,3,/,
wx,E10,3,7,
un,E18,3,/,
un,E18,3,/,
w,E10,3)

SUBROUTINE DFWIRE

[2laXsNaNalyl

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
REAL L

DEFINE

© oy (s X2 Nal

[sRal el

AR R AR AR AR AR AR RN AR NN RN AR R AR R R R AR AR AR AR R RN RN R AR ARk kAR A
THIS SUBRUUTINE SDLVES FOR THME STRESS IN THE STEEL AND
CONCRETE FOR DEFORMED WIRE FASRIC =NO FRICTION PORCES
ARE CONSIDERED [N THE SOLUTION

AR AR R AR R R AR AR AR A RN RRR NS AR AN RN AR A AR R AR AR R R AR F AR RN

/BLOCK1Z RATIO, TMICK,P,FF,STRAINC,ES,NTP1,U,DIA, UNNT
/8LOCK2/ SS(101), AAA,WS(121),LONGPR,NPRINY, MAXITE,CRACKN
/BLOCKY/ XBAR,SYROC,SYRS8,8TRC,THABY, ITER,NExBAR

/8LOCKA/7 ALC121),8TRAIN(1O1),CONSTR(1U]),8TRESSS(18])
/8LOCKS/ FEXP(1@),YEXP(10),FRICMUL,NY,FU,IFY

/BLOCKG/ ALPHAC,ALPHAS,EC,FPC, TIME,EP, TOL,ITYPER

/BLOCKT/ BIGMABC,SIGHASE,NA,NAPY,E,A,B,DENO,NAP2

/BLOCKE/ Y(I1B1) ,REFF(1BL),YP(101),H, ICLOSES, YPITE(IRY)
/BLOCKI4/ F{181),BONDL,Z,DELTAT, STRMAX, NHLSTR, THM_ 0D, IBECK

CONSTANTS

Lud, S*XBAR
CINECRZAECADELTATRA(ALPHACHALPHAS)
COWALFHASRL*DELTATHES
CISBONDLZ (2, ARATIO) #Pwl

SOLVE FOR 3TRESSED
BTRCER(CINPALSCAP/RATIOI/CS
BTRSBM(wCI1#BONDL/2,+PaC2)/C3
STRSCH(CR/RATIOFCI#(LwBONDLZ2,)4P2C2)/C3
STRMAXESTRC

CHECK EGUILIBRIUM » EQUATION 1

DUMIRITRCIPASTRSB
DUM2BP*8TREL

IF (ABS(DUMI=DUMR) ,GT, 1 ,Ee5) GO TO 19

RETURN
4

SRAINCESTRC/EC

12 PRINT 29, BTRC,STR8B,§TRSC,DUML,DUMR

22 FORMATY
1
2
3
END

(/7/7,18X,» ERROR I8 DETECYED »,/,
18X, % EQUILIBRIUM 18 NOT BATISFIED »,/,
10%,% STRC = #,E18,3,5%,» STRSA = »,E10,5,5X,* SYRSL wa,
E13,3,/,18%,» DUML » «,E10,3,5X,» DUM2 & »,E10.3)
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SUBROUTINE FORWARD (TENSTRN,2T0T,2)

AR AR R R R R A NN AN AN AN A AN AR R AR NN AR AN NN NN NN AR AN RN RN R R R AR
THIS SUBROUTINE CALCULATES THE TIME DEPENDENT VARIABLES FROM
WHICH THE SLAB RESPONSES ARE COMPUTED, LINEAR INTERPOLATION
I8 USED TO GET FLEXURAL STRENGTH FROM AGE OF CONCRETE ,

RN RN R R R RN N AN NN NN RN R AR A RN AN RN N R AR A NN AR AN R R R AR AR R A AR

COMMON /BLOCK1/ RATIO,THICK,P,FF,STRAINC,ES,NTP1,U,DIA,UNNT
COMMON /BLOCKR2/ 8S(1@1))AAA,NB(181),LONGPR,NPRINT,MAXITE,CRACKW
COMMON /BLOCK3/ XBAR,3TRSC,8TRSA,3TRC,IBABY,ITEB,NEWBAR

COMMON /BLOCK4/ AL(1@1),STRAIN(191),CONSTR(1@1),S8TRESSS(101)
COMMON /BLOCKS/ FEXP(1@),YEXP(10),FRICMUL,NT,FU,IFY

COMMON /8LOCKG6/ ALPHAC,ALPHAS,EC,FPC,TIME,EP,TOL,ITYPER

COMMON /BLOCKB/ Y(1081),REFF(101),YP(121),H,ICLOSEB,YPITE(181)
COMMON /BLOCK1@/ NSTRN,VDS,AGEU(20),TENSION(20@),STRNMUL

COMMON /B DCK13/ AGE(8),PERCENT(8),COLDTM,ANTEMP, IBXBAR,COLDSTN
INTEGER AAA

IF (NBTRN,GT,0,) GO TO 32
00 12 Iwy,8

Jut
IF (TIMEL.LE,AGE(])) GO TO 2@
GO T0 7@
IF (TIME ,EQ ANTEMP AND,IBXBAR,EQ,1) GO TO 21
PERCOMS(PERCENT (J)=PERCENT(Ju1))/(AGE(J)=AGE(Je1))
PERCOMSPERCENT (Je1 ) ¢PERCOMN (TIMEwAGE (Jel))
COMSTREPERCOM*FPC/100
FLESTRN=3200,/(3,+122020,/COMSTR)
TENSTRNEFLESTRN#STRNHUL
GO TO o2
IF (COLDSTN,LE,B) GO TO 22
TENSTRNsCOLDSTN
FLESTRNETENSTRN/STRNMUL
COMSTRE (12000 #FLESTRN) /(3000 ,=3 ,#FLESTRN)
60 TO e¢@
COMBTREFPCH (] ,¢d,1972%(ALOGIB(COLDTM/ANTEMP)))
FLESTRN®3000@,/(3,¢120800,/COMSTR)
TENSTRNSFLESTRN*STRNMUL
GD TO o0
CONTINUE
DO 4@ I=i,NSTRN
Jal
IF (TIME,LELAGEU(I)) GO TO %@
CONTINUE
GO TO 7@
IF(TIME ,EQ,ANTEMP ,AND,IBXBAR,EQ,1) GO TD 23

COMPUTE SLOPE BY LINEAR INTERPOLATION

SLOPES(TENSION(J)«TENSION(Jw1))/(AGEU(J)=AGEU(Jw1))
TENSTRNRTENBION(Jo))¢SLOPE#(TIMEwAGEU(J=1))
FLESTRNETENBTRN/STRNMUL
COM3TRE (12000, #FLESTRN) /(3200,«3,#FLESTRN)
GO TO ¢é0@
IF (COLDSTN,LE,®) GO TO 2a
TENSTRNSCOLDSTN
Go To 2S
TENSTRNSTENSION(NSTRN)w (| ,¢0,1972# (ALOGI1@(COLDTH/ANTEMP)))
FLESTRNETENSTRN/STRNMUL

6d

70

8e

op

10@

COMSTRE (12040, #FLESTRN) /(3822 ,=3 ,#FLESTRN)
CONTINUE

ECE33, # (UNKT##1,5)«SQRT(COMSTR)
RATIOSES/EC
Us9,5%SQRT(COMSTR) /DIA
IF (U.GT,800,) usaga,
SHRNE26 ,*EXP (8,36*VDS)
Z5(TIME/ (SHRNeTIME))#2T0OT
IF (LONGPR,NE,3HYES) RETURN
PRINT 1@@, TIME,Z,FLESTRN,COMSTR,EC,RATIO,U
PRINT 92, J,PERCENT(J),AGE(J),PERCOM,PERCENT (J=1),AGE(J=1),FPC
RETURN
PRINT 8@, TIME

FORMAT (//,10X, «ERROR [8 DETECTED IN SUBROUTINE FORWARD®,/,10X,
1 aTIME ENCOUNTERED I8 GREATER THAN MAXIMUM AGE PRDVIDED BY TME USE
2Rw/, 10X, *TIME =#,E10,3,/,

3 12Xy *PROGRAM I8 TERMINATED®)

FORMAT( 4pX,nJ s»12,/18X,*PERCENT(J) s#FS5,1,7X,
*AGE(J) ®*FS5,1,7X,*PERCOM =wF10,3,/10X,
#PERCENT(J=1) ®wFS,1,5X,»AGE(J=1) mBaFS,1,5X,
*FPC ®aF14,3)

FORMAT ( /77+18%,2IN SUBROUTINE FORWARD®,//,
10X,% TIME ", E10,3,/,
190X, SHRINKAGE w,E10,3,/7,
10X,» FLEXURAL STRENGTH»,El1@,3,/,
10X, COMPRESSIVE STRN *,£10,3,/,
10X, *» CON MODULUS *,€10,3,/,
10X,* RATIO *,E10,3,/,
10X, % BOND STRENTH *,610,3,/)

END

i -
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SUBROUTINE BACKWAR (TENSTRN,27T0Y,2)

I L2 2233232222 3122 s xRy s gt asssss s zsTasrssxTatlsss]
THIS SUBROUTINE CALCULATES THE TIME DEPENDENT VARIABLES FROM
THE COMPUTEO STRENGTH ON THE LINE OF EGUALITY OF $TRESS
STRENGTH CURVE

(X322 21222233822 X220 222 822 s ey s sz 222222202222 2 22

COMMON /BLOCK1/ RATIO, THICK,PyFF,8TRAINC,ESsNTPL,U,DIA,UNNWT
COMMON /BLOCK2/ 8S(1@1),AAA,NS(101),| ONGPR,NPRINT,MAXITE,CRACKN
COMMON /BLDCK3/ XBAR,8TRSC,S3TRBB,STRC,IBABY,ITEB,NEWBAR

CONMON /BLOCKSG/ ALC1@1),9TRAINCI@1),CONSTR{1B1),8TRESSS(101)
COMMON /7BLOCKS/ FEXPLIB),YEXP(1B),FRICMUL NT,FU,IFY

COMMON /BLOCKG/ ALPHAC,ALPHAS,EC,FPC,TINE EP,TOL,ITYPER

COMMON /BLOCKS/ Y(181),REFF{I81),YPL121),4,1CLOBEB, YPITE(10])
COMMON /BLOCKI3/ NSTRN, VDS, AGEUL2B), TENSION(29),8TRNMUL

COMMON /BLOCKI3/ AGE(8),PERCENT(8),COLOTM, ANTEMP,IBXBAR,COLDSTN
INTEGER iaa

IF (NBTRN,GT,B,) GO 71O 3@
FLESTRNmTENSTRN/STRNMUL
COMSTRE(12000,«FLESTRN) /(32R@ w3 »FLESTAN)
PERCOMa (COMATR/FPLIN1 00,

ECH33, *(UNKT&¥],5)«8QRT(COMBTR)
RATIO®ES/EC
vag, S«8QRT (COMBTR) /D14

IF (U,GT,800,) Umapd,

oD 10 Iag,s

Jal
1F (PERCOM,LE,PERCENT(I)) GO TO 20
PRINT 88, PERCOM
60 To 7@

2e TIMES(PERCENT (JIPERCENT(Ja1))/{AGE(J) =AGE(J=1))

3e

ae

50

(14

TIMESAGE (Jul) ¢ (PERCOMaPERCENT(Jm1))/TINE
GO TO 59

COMPUTE THE TIKE CORRESPONOING
TO TENSILE STRENGTH

DO 42 1®1,NSTRN
Jay
IF (TENSTRN,LEJTENBION(IY) GO TO 58
PRINT 98, TENSTRN
GO TO 78

COMPUTE SLOPE BY LINEAR INTERPOLATION

TIMES(TENSIONCJ)@TENSION(Jwl) )/ (AGEUCIIwAGEU(JS=1))
TIMERAGEU(Jw1 )+ (TENSTRNaTENSION(J=1))/TINE

SHRNZ26 ,*EXP(D,36%v08)
Iu(TIME/ (BHRN4TIME) ) #2707
IF (LONGPR,EQ,3HYES) PRINT 188, FLESTRN,COMSYR,EC,TIME,Z
RETURN
CONTINUE

FDRHAT (/7,18%,#ERROR 18 OETECTED IN SUBROUTINE BACKWARDW,/,

18X, »THE COMPUTED PERCENT COMPRESSION IS GREATER THAN TH
28 MAXIMUM PERCENT AVAILABLEw,/,
3 10X, #PERLOM =eE18,3,/7,

94a
2
3
4
108

&N -

10X, #PROGRAM I8 TERMINATED®)
FDRMAT (/7418X, #ERROR I8 OETECTED IN SUBROUTINE BACKWARD#,/,

13, #THE COMPUTED TENSILE STRENGTH IS GREATER THAN THE M
AXIMUM SYRENGTH PROVIDED BY THE USER#,/,

1%, »TENSTRNE#,E12,3,/,

18x,*PROGRAM I8 TERnINATEDt)
FORMAT( //,15X,#IN SUBROUTINE BACKWAR®,

/718X, % FLESTRN " EL0, 3,7/,
10X, » COMPRESSIVE STR w,E10,3,/ ,
10x,» CON MOOULUS *,E18,3,/,

18X,« TIME
{BX, ¢ SHRINKAGE

w,E198,%,/,
«,E10,3,7/)
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138 FORMAT (% END DF TEMPERATURE ARRAY ENCOUNTERED#,/,% DELTAT ma,fb,5

SUBROUTINE DELTEMP (TIME,ODELTAT)

ARRRRREPRARRARRAARR RN A AR AR AR ARRARRANRRARNRRNRAARARARRARAN AR RS
THIS SUBROUTINE CONTAINS TME INCREMENTAL TECHNIGUE
FOR TEMPERATURE TIME DATA, A SINE RAVE IS FITY
TRRAUGH EACM DAY, TME ROUTINE MAS THREE OPTIONS,

DELTEMP INCREMENTS UP BY UPINC IF NTIFLAG = 1
INCREMENYS DOWN By DDWNINC IF NTIFLAG = =}
IT GIVES THE TEMPERATURE DROP AT TIME IF NTIFLAG = B
R RRRA RN TR AR TR AR AN AR AR RN RN RN AR ARANRANRARRRRARRARRNRANR AR AR

COMMON /BLOCKZ2/ S8(1G1),AAA,WEC1S1),LONGPR,NPRINT, MAXITE,CRACKNW
COMMON /BLOCK12/ OT(S@),NTEMP ,NTIFLAG,UPINC,DONNINC
OATA PI / 3,1415920535% /

DO 18 ITIMERi,NTENMP
REALTImFLOATCITINE)
IF (REALTI,GT,TIME) GO TO 20
PRINT 136, DELTAT,TIME
STOP 66
CONTINUVE
IF (TIME G, REALTI=, TS, A, TIME,LT REALTI=,25) GO YO 38
DELYATRR,
IFINTIFLAG) 128,88@,5%@
CONTINUE
DELTATSDT(ITIMEISINC(TINESREALTI+ 75)#2,#P1)
1F (NTIFLAGY 12¢,88,58
CONTINUE
DELTATRDELTATSUPING
IF CYIME,GY,REALTIw,5) GO T0. 92
IF (DELTAT,GEDTCITIME}¢UPINCel,Es?) GO TO 92
IF (DELTAT.LE,DYCITIME)) GO TO 183
CONTINUE
DELTAT®DTCITINE)
CONTINUE
TIMERREALTI»,5
CONTINUE
RETURN
REALTI®REALTI#1,
ITIMERITIME+]
DELTATSOEL TAT=UPINC
1F (ITIME,GY,NTEMP) GO TO 72
IF (DELYAT.GE,OT(ITIME)) GO YO 680
CONTINUE
TPLUSRABS(ASIN(OELTAT/OT(ITIME)) /(2,#P1)w,2%)
1F (TIME,LE,REALTIe,5) TPLUSEwTPLUS
TIME=REALTI+TPLUS=,S
RETURN
CONTINUE
DELTATEQELTAT«DOWNING
1F (OELTAT,GT.8,8) GO TO 1@Q
DELTATRE,
IF (TIME ,LE,REALTI=,S) TIMEmREALTIe,75
IF (TIME (GT REALTI=,S) TINEWREALTI+,25
RETURN

1,% TIME =2,Fp,3)
END

<y CICIT IO

19

28

38

42

L1}

SUBROUTINE PLOYEMP (TMSCALE,FINALY

RRERRRRRRRRR AR R AR R AR AR R R R AR AR RN AR RN AR R R RN R A RN R R RN R RN R A AR R
THIS SUBROUTINE I8 CALLED AT THE USERS OPTION TO PLOT
TEMPERTURE DROP VS8, TIME (DAYS),

ERERAERRRE AR AR I AR AR R AR AR R AR AR AR R AR R AR AR R AR N RR R AR R R R R AR RN R RN

COMMON /BLOCKI2/ DT(SB),NTEMP,NTIFLAG,UPINC,DOWNING

CALL BGNPLT (4LPLOT,FINAL2THMICALE+12,,28,1)
CALL PLY (2,,,7%,%3)
TEMPRD,
PO 19 T ,NTEMP
IF (DT(I)GT,TEMP) TEMPEDY(I)
CONTINUE
TEMPRTEMP+10,=AMOD(TEMP,10,)
YSCALE=D, 1 #TEMP
IF (THMBCALE,GT,S,D,TMSCALE,LE,®) TMBCALE=2,
call PLY (@,,10,,2)
CONTINUE
CALL PLY (w 1S, TEMP/YSCALE,2)
CALL NUMBER (w6, TEMP/YSCALEw, 1,,15,TEMP,2,,»1)
TEMPSTEMP=YSCALE
CALL PLY (O,,TEMP/YSCALE,3)
IF (TEMP,GE,Q) GO TO 20
CALL PLY (0,,9,,3)
TIMESFINAL=AMOD(FINAL,1,}
CALL PLY (TIMEXTMUCALE,B, 2)
CONTINUE
CALL PLY (TIMEATMSCALE,=,15%5,2)
IF (AMOD(TIME,1,),6T,1,Ex8) G0 To 4@
CALL NUMBER (TIMEATMSCALE@ 1,w,3,.,15,TIME,B,,=1)
CONTINUE
TIHMERTINE®,S
CALL PLY (TIME*TMECALE,2,,3)
IF (TIME,GE,8) GO TO 38
CALL SYMBOL (S,:6,,,3,334PLOT OF TEMPERATURE DROP vS8, TIME,d,.,33)
CALL SYMBOL (6,15,5.,,3,23HA8 USED IN CRCP PROGRAM,E,,23)
CALL SYMBOL (Syps™ets 2, 15HTIME (IN DAYS),0,,1%)
CaLl s;;aogst-l..l...Z.SGHTEMPEQAYuGE DROP (DEGREES FAMRENHEIT),
02 38)
CALL PLY (8,,04+3)
TIMEw@,
NTIFLAGRE
CALL PLT ((TIME+,25)=TMSCALE,D,,2)
TIMESTIME+,275
CONTINUE
CALL DELTEMP (TIME,D)
CALL PLT (TIME#TMSCALE.D/YSCALE,2)
TIMESTImMES 225
IF CAMODCTIME,1,),LT,,7S) GO T0 5@
IF (TIME GE, FINALWAMOD(FINAL,1,)®,25) TIMERTIMEe 2478
CALL PLT C(TIME+,47SInTMSCALE,Q,,2)
TIMEWTIME®,47%
IF (TIME LT .FINAL=AMOD(FINAL,1,)) GO YO Se
CALL ENDPLT
RETURN
END

9b
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SUBROUTINE POIRES (LOCMAX)

COMMON /B8LOCKL/ RATIO,THICK,P,FF,STRAINC,ES,NTPL,U,DIA, UNNY
COMMON /BLOCK2/ $8C181),AAA,WS(1081),LONGPR, NPRINT MAXTTE ,CRACKN
COMMON /BLOCK3/ XBAR,STRSC,STRSB,STRC,IBABY,ITES,NEWBAR

COMMON /BLOCKHS/ ALL131),STRAIN(181),CONSTR(1081),8TRESSS(121)
COMMON /BLOCKS/ FEXP(1@),YEXP(1@),FRICMULINT,FU,TFY

COMMON /BLOCKSE/ ALPHAC,ALPHAS,EC,FPC, TIME,EP,TOL,ITYPER

COMMON /BLOCK?/ BIGMASC,SIGMASB,NA,NAPL,E,A,8,DEND,NAPZ

COMMON /BLOCK8/ Y(181),REFF(181),YP(101),H,ICLOSES, YPITE(1D]))
COMMON /BLOCKI4/ F(101),BONOL,Z,DELTAT,8TRHAX,NHLSTR, THLOD, IBECK
DIMENSION SUM(181)

INTEGER AhA

HWH = @,5 » M
11nnaAP2
SuHIng,
SuMesg,

I (IBECK,.EG,1) GO TO 55
STRESAS(1)=gIGMASE
S8 (1)SSTRESSS(1)/ES
BYRAINCL)NSS (112 2¢DELTATH{ALPHACSALPHAS)
CONSTRO1IRSTRAIN(IInEC
LOCHMAX®Y
STRMAX®CONSTR(1)

Do 20 I=2,NA
STRESSS(IYuSTRESYS(Iw1) +He(wF (1) /DEND)
§8(1)=8TRESSS(I)/ES
STRAINCIIRSS(IVIZ4DELTATRCALPHAC=ALPHAS)
CONSTR(IImSTRAINCIISEC

IF (CONBTROIILT,STRMAX) GO YO 1@
STRMAXSCONSTR(I)
LOCMAXRY

CONTINUYE
BUMSEBUMIS(SS(I)+38(Twl)) *HH
SUMUBSUMAS (STRESSS(I)¢STRESSS(Iw1))wHN

CONTINUE
ADOISSTRESSS(NA)+S+E
ADDIARR(STRESSS(NAJSADDII#E#E,S
SUMIRSUMI ¢ (ADDIAR)/ES
SUM4GRSUME#ADDIAR
SLOPEZR(SIGMASC»ADD]) /BONDL
ADDICRADDIZES+ZA0ELTYAT o (ALPHACSALPHAY)
SLOPECCH=AUD]I/BONDL
STRESBS(NAPLIwADOI4 (AL INAPL ) wATSSLOPER
SSINAPLIRBTRESSS(NAPI)/ES

BTYRAIN(NAPL)SADDICwF (NAPL)aH/ (THICKREC) @ (STRESSS (NAP 1) @ADDI)#P/EC
CONSTR{NAP1IuSTRAIN(NAPL)#EC

IF (CONBTR(NAPL),LT,S8TRMAX) GO YO 30
STRMANRCONSTRINAPL)
LOCMAXSNAFR]

CONTINUE
SUMUNIUMUG (STRESSSINAPLISADDI)Iw{ALINAPL)I»A)#D,S5
SUMIBSUMB4 (STRESSS(NAPIISADDII#(ALINAPL)wA) /(2,%ES)

IF (NALEQ.NT) IImNaPi

D0 Sv IsiI,NTPY
STRESSS(IImADDIS(AL{I)wAI#SLOPER
SSLIISSTRESBS(II/ES

STRAINCIISSTRAINCI@LIJF{I)#H/(THICKSEC) »(STRESSS(I)=8STRESSS(In1))n

1 P/EC

48

58

CONSTROIIRSTRAIN(I)}SEC
IF (CONBTRO1),LT,STRHAX) GO Tp 42
SYRMAX2CONSTRII)
LOCMAXE]
CONTINUE
SUPIBSUMIHI(SS(II+SS(Tal))nu
SUMUBBUMUS (STRESSS (I +8TRESSS(Iwl) I nnH
CONTINUE
60 YO 58

85 SHPINSSIGMASC=(AL(NTPIIN(SIGMASC«SIGMASE)) /BONDL

5&

57
58

48

65
&7
68
72

8¢

L2
100

BLOP=(SIGMASC-SIGMASB) /BONDL
SLOPKE(SIGMASC=SBPIN) /AL (NTPY)
OUMP=ABS (SLOPK=8LOP)

IF (DUMP,GT,1,E«5) GO TO &%
STREYYS(1)=SBPIN
85(1)®8TRESSS(1)/ES
BIGMACMRFF /THICK S A4 ,wALINTPLI®UsP)/DIA
CONSTR(1)ESIGMACH
STRAIN{1)SCONSYR(1)/EC
LOCMAX®]

STRMAXSCONSTR(Y)

DO ST Im2,NTP{
STRESSS(IImAL(II*SLOP+STRESSS(1)
88(1)=8TRESSS(I)/ES
STRAINCIDRSTRAINCIIR(] ,wALCI)/ZALINTPL))
CONSTRETIBSTRAIN(IINEL

IF (CONSTR(II,LT,8TR®AXY GO YO Se
STRMAXECONSTR(I)

LOCMAXE]

CONTINUE
SUMIESUMSS(S8(])+3883(Twi))wHH
SUMUSSUMUS (STRESSS(I)+STRESSS(I=1) ) *HH

CONTINUE

IF(ICLOSERED,1,AND, TIMELGE,TMLOD) BTRMAXRSTRMAX+WHLSTR
IF (LONGPR,NE,3HYES) RETURN
PRINT 78, ADDI,ADDIC
PRINT 82
PRINT 9#, (C(I,ALCI),BTRESSS(I},SSC(I},CONSTR(I),STRAINCI)) Imy,
1 NTP1,NPRINT)
RIGHTONALPHASHDELTAT#AL(NTP1)+ES
PRINT 188, SUM3,8BUME,RIGHTD
PRINY 118

Call SIMPSPE (SS,NTRI,H,BuM)

DO 68 Im{,NTPRY
WS(IIBSUMCIYw (ALPHASHDELTAT)I«AL(])
CONTINUE
PRINT 12¢, (L1 ALCIY, 8800, 8uM{I) , mS(1)), Imt , NTPI , NPRINTY)
RETURN

PRINT 68,0Unp
CONTINUE
FORMAT(//, 10X, *ERROR IN POIRES,DUMPE®,E10,3)
FORMAT(/77,32X,#IN SUBROUTINE POIRESH,
//¢20X,wADD] e ,E10,3,18X,#ADDIC =, EL18,3 )
FORMAT (/7,14X, « INDEX DISTANCE STEEL STRESS STEEL STRAIN CON
1 STRESS CON STRAIN #,/7)
FORMAT (17x, IS ,5(2X,E18,3))
FORHAT (//,10%X,#8UM OF AREA UNDER STEEL STRAIN DIAGRAM =w,E10,3,/,

L6



1 1RX,#3UM OF AREA UNDER STEEL STRESS DIAGRAM =m=,E18,3,/,

2 12X, sRIGKTY QUANTITY =, E14,3//)
118 FORMAT (//7,19%,* MOVEMENT OF §TEEL BEFORE CONCRETE CRACK; to;/'
;’ 18x,2 INDEX DISTANCE STE,STRAIN SumM STEEL MOVER/
120 EORHAT (19X, 15,8(2X,E19,3))
ND

O o0 n

29

ie

SUBROUTINE SIMPSPE (Y ,N,H,3uUM)

THIS SUBROUTINE COMPUTES THE AREA UNBER & DISTRIBUTION UBING
SIMPSONS RULE WITH A SPECIAL MODIFICATION

DIMENSION YN}, SUM(N)

DO 19 I®{,N
SUM(I) = 8,2
AERCY () #Y(2) ) #HRE,S
AOLD®AL
SUM(2)TAOLD
NH1N=1

DO 28 Im2,NHi
ASRCY(Twid el nY (I oY (L1ei))en/3

ARAS=AOLD
BUM{I#1)83UM(I) e
AQLDE=A

CONTINVE

RETURN

END

86



AN OO N0

o0

18

29

h1°]

48

L1

62

SUBROUTINE GETME (X1,Y1,X2,Y2,F0UT)

REERRRRRERRRRIREIA NN AR RN RSN ANRRRN NN R AN RN R R RN AR R I AN KRR R AR A RN NN
THIS SUBROUTINE SOLVYES FOR THE POINT OF INTERSECTION OF TwO
STRAIGHT LINES , WHERE ONE OF TWE LINES IS Yax
TH18 VERSION OF THE PROGRAM JOINS THE NEW POINT TD THE POINT
ON THE OTHER SIDE OF YHE vY=aX LINE ,

HAR RN RARRRARRRAR AR AR N AN A ANV R AR RN RRARAI R R NN AR NN RN AR RN RN RN

P8X AND PBY ARE STORED VALUES
BELOW THE EQUALITY LINE
STX AND 8TY ARE BTORED VALUES
ABOVE THE EQUALITY LINE

COMMON /BLOCK2/ SS(181),44A,%8(1081),LONGPR,NPRINT ,HAXITE,CRACKN
COMMON /BLOCKR/ BTX,8TY,P8X,P8Y,ITE

IF (ITEL,EQ,2) 6D YO 1@
IF (X2eY2) 20,20,482
CONTINUE
DUMX2RPSXEX]
DUKMY2=PSYaYY
GO TO 3@
CONTINUE
DUMN 2P I X
DUMYZRPSY
CONTINUE
DUMX188TXNXQ
DUMY 188TYnY2
%0 YO S@
CUNTINUE
OUMX1Is8TX
DUMYIBBTY
DUMX2RPSXBX2
DUMY2=PSYaY2
CONTINUE
FOUTS(DUMX2*DUMY La0UMX L #DUMY2) / ((DUMXR=DUMX )= (DUMY2-DUMY]))
RcrzgéLouan.En.lquS) PRINT 68, ITE,DUMXI,DUMYL,DUMX2,DUMYZ,FOUT

FORMAY (//,18%,% IN SUBRDUTINE GETME =,/,
18X,» ITE =%,18,/,
§8X,x DUMXT m#,E10,3,10%,» DUMYL me,E18,3,/,
(BX % DUMXY m%,E10,3,10X,% DUMYZ #+,£18,3,/,
19X, FQUT =%,£18,3,/7)

B N -

END

IO OO0

SUBROUTINE STRGENE (BONDL)

AR AR R AR AR R R RN A AR AR AN R AR R RN AR IR RN SRR SRR NN AN N IR NR AR NN,
TH1S SUBRDUTINE GENERATES THE STRAIN IN THE CONCRETE AT
EVERY STATION IN THE FRICTIONLESS SLAB ,
RESULTS OF SUBROUTINE TEMPSHR ARE USED =( ND FRICTION )
L T e e L LT

COMMON /BLOCKL/ BATID, THICK,P,FF,STRAINC,ES;NTP1,U,DIA,UNNT
COMMON /BLOCK2/ SS(121),AAA,NS(101),LONGPR, NPRINT, MAXTTE ,CRACKNW
COMMON /BLOCK3/ XBAR,8TRSC,8TRSB,83TRC,IBABY, ITEB,NEWBAR

COMMON /BLOCKY/ ALC1B1),STRAIN(181),CONSTR(1G1),5TRESSS(1081)
COMMON /BLOCKS/ FEXP(1@8)Y,YEXP(1@),FRICMUL,NT,FU,IFY

COMMON /BLODCKS/ ALPHAC,ALPHAS,EC,PFPC, TIME,EP,TOL,ITYPER

COMMON /BLOCKB/ Y(101),REFF(1@1),YP(181),H, ICLOSEB,YPITE(12))
INTEGER AAA

ARB,S*XBAR=BONDL
HHEeH
DO 20 Imi,NTRL
STRAINCI)SSTRAINC
ALCTIRHHSNR
HHmAL (1)
IF C(AL(I),GT,A) STRAIN(I)®STRAINC = STRAINC®(AL(I)wA)/BONDL
IF (A LE,B,) STRAIN({IIRSTRAINC=(STRAINC*AL(I)#2,)/XBAR
CONSTR(IISSYRAIN(I)=EC
2@ CONTINUE
IF (LONGPR,NE,3HYES) RETURN
PRINT 38
PRINT @8, C(CI,ALCI),STRAINCID,CONSTR(I)),;ISI, NTPL1,NPRINT)
PRINT %8, NTP1,A,H
RETURN

38 FORMAY( //,20X,*IN SUBROUTINE STRGENE®,
1 77,1@%, % INDEX OISTANCE  CON STRAIN
48 FORMAT (18X,15 , 3(2X,£18,3))
5@ FORMATY (/,28X,% RO, OF POINTS #,15,/,28X,% BONDED LENGTH =3,
1 E1843r7¢20Xs% INCREMENT LENGTH wx,E10,3)
END

CON STRESS #,/)

66






APPENDIX 2

EXAMPLE PROBLEMS






PROR
A-1

CRCP=? TESTING
FXAMPLE PRORLFEM FOR CRCP-? TESTING

ROND LEMGTH » 1/2 XBARe« FIRST WITH LOW F-m CURVE

OB BBE BB BRBEREBBERB BB D BB BESOROBORORBRELRBOONS

L. 2 -]
@ STEEL PROPFRTIFS o
4 L]

Ty e ey Yy YL L XY Ly -y

TYPE OF LONGITUDINAL REINFORCEMENT 1S
NEFORMED RARS

PERCENT REINFORCEMFNT = 74000E=n1
BAR DIAMFTER = 6e0Q0E-")
YIELD STRESS = Ae000F+N4
ELASTIC MODULUS = 9. 000F+ A
THERMAL COEFFICIENT = 5.00nE-04

T2 XY XY YRR 2222 s Ryl l Y Akt Y

-3 -3
# CONCRFTFE PROPERTIFES ®
L] -3

T2 IETEFT YL LI TSR ST LYY R SR L Y L 2 2 2

SLAB THICKNESS = 1.0N0F+01
THERMAL COEFFICIENT = S,000F=06
TOTAL SHRINKAGE = 4,000FE~04

UMIT WFIGHT CONCRETF= 1,%00F+02
COMPRESSIVE STRENGTH= 2.500F+03

TENSILE STRENGTH DATA
2T YT Y ry -2 2 22X XX 2 X-X X 3

Mg TENSILE STRENGTH DATA IS TNPUT By USER

THE FOLLOWING AGE~TENSILE STRENGTH RELATTONSHIP
IS USEN WHICH IS RASED ON THF RECOMMENDATION

GIVEN RY UeSe BUREAU OF RECI aMATION

AGEy TENSILE
{(DaYS) STRENGTH

0.0 0.0
le0 85.7
30 191.9
S0 P24B.8
7.0 ?82.5
14,0 33B.8
21.0 1370.1

2R.0 13B4.6

103
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EL 2 AR 2240 F LT 2320 2 N TEY T L IO U Ry

S )
@ SLAR-RASE FRICTION CHARACTERISTICS o
@ F«Y RELATIONSHIP i
S «

LA 2 A 22X e LAl il T Y Yy Y YT Y Y Y ey Fe Y Yy

TYPE OF FRICTION CURVE IS A STRAIGHT LINE

MAXIMUM FRICTION FORCE= 1.,0000
MOVEMENT AT SLIDING = ~e1000

(22 2222 23222222222 2 2 2 2 ey yyy:

% L3
» TEMPERATIJRE DATA s
- -

L2222 02 2yl 2ty 2y Yy ey

CURING TEMPFRATURE= 75,0

MINTMUM NDROP 1IN
NAY TEMPFRATURE TFMPERATURE
1 72.0 3,0
? 9.0 640
3 53,0 22.0
4 53,0 2240
5 60.0 15,0
6 65.0 10,0
7 54.0 2140
B 15.0 60.0
9 qg.o 16.0
10 20.0 55.0
11 500 2540
1?2 50,0 25.0
13 15.0 6040
14 54,0 2140
15 30.0 4540
16 59.0 16.0
17 15.0 60,0
18 54,0 2140
19 5340 2240
20 54.0 210
21 69,0 fel
22 22.0 53,0
23 56,0 19,0
24 36.0 45,0
25 32.0 43,0
26 43,0 32,0
27 56.0 19,0
28 57.0 1840

MINIMUM TEMPERATURE EXPECTED AFTER
CONCRETFE GAINS FULL STRENGTH = Qe0 DEGREES FAHRENHETY
DAYS BEFORE REACHING MIN, TEMP, = 2R+0 DAYS



RIS LI TR A2 SR 2 A 2 i g el il dididdsd]

» o
° EXTERNAL LOAD hd
o 4

SRBBOSHBRDAVI BB DRBBBOBBHBDLJBBEDBEHBONRB O BEBRBOn

WHEEL LOAD STRESS (PSI)= n,
LOAD APPLIED AT = 28 TH DAY

(222222222 ¥ X2 L2222 22 eyt l gyl gy YY)

@ '
o ITERATION AND TOLERANCE CONTROL -
° o

Y222 222228 R 2R AL LY R R LYY R AL LYY

MAXTMUM ALLDWABLE NIIMBER NF TTERATINNS= 30

RELATIVE CLOSURE TOLERANCE= 1.0 PERCENT

105
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PROB
A-T

TIME
(DAYS)

«5¢0
1433
1450
229
P38
Pe4(
Pelt?
?045
250
350
4450
Se50
633
6645
650
Te31
7¢34
Te34
738
Te40
Te46
7¢50
Re S0
9430
0.33
Qe 36
9e4]

1750
17.50
1232
12435
1?039
1?043
1750
13,50
14423
14437
14043
T4.50
15,50
16.29
16432
16035
1639
16044
16050
17.50
1845

CRCP=2 TESTING
EXAMPLE PRORI.EM FOR CRCP=? TESTING

ROND LEMGTH > 1/2 XBARs FTRST WITH LOW F=M CURVE

DRYING

SHRINKAGE

1e814E=06
44802E=06
5¢394F=06
R+190F=06
Re490E=06
BeST6E=06
Reb17F=N6
Re753E=06
Be910F=06
1+236F=(5
1¢576F=05
10909E-05
?¢181F~05S
2e221F=05
?e¢23TE=0S
204975'05
7¢507F=0S
20509E-Q5
?e¢520F=05
74526F=n5
2¢546F=nS
?QSSQE'“S
?876F=05
3.124€=05
Ye¢134F=05S
J¢145E=05
3.158F=nS
V1RTE-S
1e493F~(5
10794F-05
44037FE=05
4e046F=05
44057F=05
40071F-05
44090€=nS

49382F‘05

44,6)19€=r5
4,632F=-05
4,649F=05
4 ,668F=(5
4,951€=-05
S.171€=05
S.179F=¢5
S«188€~05
5.198E=05
5¢212F=05
5.228F~05
5¢501F=05
5.758F=05

TENSILE
STRGTH

4448
1053
1148
157+4
1617
16340
163.6
1655
1678
206{9
2354
257.G
2716
2736
27444
28547
28Se4
238545
28Se8
28640
28645
2869
29Se+4
3020
3023
3026
3029
3037
311.R
319.8
326.1
3264
3266
3270
32745
335.1
340.4
34046
34069
341,72
345,8
349,4
349,5
349,7
349,8

35041
35n.3
35448
359,.1

CRACK

SPACTNG

4800.0
4800.0
4R00N0
48000
48000
24000
120040
6000
6000
60040
6000
600.0
60060
000
600e0
6000
6000
30040
3000
150.0
150.0
1500
150.0
1500
150.0
150.0
150.0
15040
1500
150.0
150.0
150.0
150.9
1500
150.0
150.0
150.0
150.0
150.0
150.0
15040
150.0
150.0
150.0
150.0
15000
150.0
150.0
150.0

CRACK
WINTH

5.727E=04
00747E-04
Pe72rE=03
3e5B4F=03
‘06445-02
1eRAIE=p2
107845-02
1719E~02
1 +838E=n2
7006QE-02
1e34KE~n2
Re956F=03
Q.75RE=(3
?e2T1E=p2
?e421E=92
?.535E'02
4010?E-02
?e911E=qn2
1.965FE= 02
Pe6B1E=02
3.300F~02
3e42T7E=n2
Re798FE=n3
94103E=n3
1e465E~02
?2405nE=n2
P2ehSAE=n2
3.216E'02
1e457E=n2
1e498E=q2
1e531E=¢2
2.121E=¢2
?+731E-02
3.355E=02
JATRE=n2
1434RE=(2
1037RE-02
1 .968E=02
?og73E-02

_?ORZ?E-OZ

10‘37E-02
1.164E=0n2
1 741E=02
?e¢342E=p2
2.959E=02
3.592E~02
3.846E=02
1+49nE=02
1.623E=02

MAX 1 MUM

CONCRETE STRESS 1IN

STRESS THE STEEL
‘0394E*01 2.108E+03
2+595E+01 3.799F+03
44853E+01 Te0S9E+03
60266E*nl 9.016F+03
1+458E+0? 2.051F+n4
1.571E+02 2e246F+04
10522E*02 2.211E*n4
1+486E+02 2.175F+04
1543E+02 2+2SBE*n4
14749E+02 2.546F+n4
104705*02 2¢138FE+0n4
1.235E+n2 1., 7R7E+n4
1313E+02 1.897F+n4
2.014E+02 2.911FE+04
2.083E+0? 3.009E+04
?+15Q9E+02 3.115E+04
7+ 158E+n2 3.976F+n4
70303F0ﬂ2 30346E’04
2e69TFE+n2 3.909F+n4
?.211E+02 3.211F+04
P+ 456E+ N2 3.567TE*NG
24504E+02 3.037E+04
172B0F+02 1.B4TE+0n4
1313E+02 1.,892F+04
1eh6TE+N2 244009F*04
1¢973E+02 2e856FE+n4
2e247E+02 3.255E+n4
70476E*ﬂ2 30598E*04
1.6B1F+02 2¢425F+n4
1.721E+02 2e4T79E+n4
1.753E+0? 2.,523F+04
?2.065E+0?2 2.937TE+04
?e¢344E+n2 3.3R4F+04
2.600E+02 3.756F+04
2.722E+02 3.934E+n4
1.662E+02 2.3R6F+p4
1.691E+02 2,42725E+04
?.020E+02 2.904E+04
?.312F+N2 3.330E+04
?.423E+0n2 3,491E+04
1.54%E002 2.209E’04
1.569E+02 2.242E+04
1.,920E+02 2,753FE+n4
2.228E+02  3.201E404
?2.5085E+02 3.605F+04
2.761E+02  3.,976E+04
?2.859E+02 44,119€E+04
1.7RTE+ 0?2 2.556E+04
1.B16E+402  2.594E+04



1850
19,50
26450
27.27
21430
27.33
21.37
21442
27450
22.5¢
2332
23.36
23442
23.50
24450
25450
26450
2T.50

2240
2140

6,0

6eh)
lﬁon
2640
3640
46,40
53.0
15.0
19«0

29.0°

39,0
ASfo
43,0
32.0
19.0
18,0

SeTT1E=0S
Ae035E~-nS
6e296E~-05
6.4Q4F-05
€+502E-05
6051°F‘05
6.520F=n5
6¢532F~=05
64553F=-05
60806F-05
T+010E=0S
700215-05
7.034E-O5
7.055F=05
7.300E-05
705426'05
T.780€=05
aoO]SF‘OS

359.3

36346

367.9
3706
37067
370.8
3709
371.0
371.1
37343
37540
375.1
375.2
375.3
3774
379.5
381.6
383.6

15040
15040
15040
150.9
15040
1500
15040
15040
15040
15040

150.0

1500
1500
15040
15040
15040
150.0
1500

1+583E=n2
1559E=n2
705°°E-O3
T.7372E=03
]03295-02
1e9)1AF=p2
2e525FE=n2
3e149E=0n2
3¢594E=02
1 «539E=p2
1.564E‘02
2.167E=02
?.TT8E=q2
3.157E=02
3,064E=02
24613E=02
10659Efﬂ2
1,629E-02

1.851E+n2
1.845E402
1.,286E+02
1.309E+0?
1«717E4+n2

2.063E+02

?«I6RELND2
20646E‘0?
?+B2RE+02
1.853E+02
1087?E‘02
2.201E402
?2.496E+02

© 2.662E402

2.628E+02
2.337E+02
109‘2E‘02
1.928E402
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2.646FE+04
2.635E+04
1¢819F+n4
1.850E+04
2.443F+04
2.946E+n4
3.390E+04
3.793F+04
44,058E+04
2.638E+04
2.663F+04
3.143E+04
3.571F+n4
3.811F+04
3.760E+04
3.334F404
2.T5BE+04
2.TA6E+04
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AT THE END OF THE ANALYSIS PERTON

CRACK SPACING

CRACK WIDTH

MAX COMNCRETFE STRESS
MAX STEEL STYRESS

CONCTENS,STRENGTH
STA- DIS- CONCRETF
TION TANCE MOVEMENT
1 0.0 0.
2 ¢S =3,188E=-04
3 1.0 =6.375E-04
4 1.5 =9.563E=04
5 2.0 -1,275E-03
6 2¢5 =1.594E-03
7 3.0 =1.913F-03
8 3e4 ~2231F-03
9 3.9 =2.550E-03
10 bob =2.869FE=03
11 4.9 =-3.)188€-03
12 Se4 =3.506F=-03
13 5.9 =3,R25E-03
14 64 =4,144FE-03
15 6.9 =-4.,463E-03
16 Ted =4.T782E=03
17 7.9 =5.100F-03
]8 804 '504195‘03
19 8.9 '5.7385'63
20 Q¢4 =6405TE-03
21 9.8 =6.375F-p3
22 10e3 =6¢694F=03
23 108 =7¢913E=03
24 113 =T7.332E*03
25 11.8 '7.651E-°3
26 12.3 -7096QF-03
27  12.8 -B.288E-03
28 1363 =-8.60TE=03
29 13.8 =-8.926F-03
30 14,3 =9.,244F-03
31 1J4.8 =9.563E-03
32 15¢3 =9.882E-¢3
33 15,7 =1.020E-02
34 16.2 =-1.052€E=02
35 16,7 =-1.084E=-02
36 17.2 =1l.116F=02
37 17,7 =-1.148BE=-02
38 18,2 =1.179€-¢2
40 19,2 -=1,.243E-02
41  19.7 -1,275E-02
42 202 <=1.,307E-02
43 20.7 =-1.339E-02
44 212 =-1.371E=02
45 21,7 =-1.403E-02
46 22e1 =1.434E=02
4T 22,6 ~-=1e466E-02
48 23.1 =1.,498E=¢2
49 23,6 =1.530E-0?
So 24,1 =1.562E=-02

B.203E+00
6+509E=0?
3.R6NE+02 PST
S.25RE+04 PST,
IR4EE+ND PST

FFET

FRICTION
FORCE

0o

3,188E-03
§0376E'03
90564E-03

14275€=02

1.594F =02
1¢913€=-p2
2¢232E=-02
2¢550F=pn2
2+869E~-02

.3+188E=02

3¢507E=-02
30826E'02
4.]44E-02
4.463F'02
4.782F=-n2
5.101E-02
S«420E-02
50738E-ﬂ2
6 05TE=n2
6¢376F=02
6+¢695F=-?
Te0)4E=02
Te332F=02
7+A51F=02
70070E'02
8e?2R9E=-02
Re608E=-02
8p926E'02
Q9e?45F-n2
9564F=0n2
90883E'h2
1+020F=01
1.052F-n1
1.084F=01
1e116F=-0p1
1¢148E-n1
1.180E=01
1.211F=01
1.743F=01
1.?275€E=01
1.307€=-01
1.339€-01
1.371E=-01
1¢403€=-0n1
1+435€E=91
104675'01
104QRE'01
1.530E-0n1
1.562F=-n1

INCHES

CONCRETF
STRESS

3.860FE+p2
3.860F+02
3¢860E+p2
3+860F+n2
3.860E’02
3.860E+92
3.R60E+(2
3.860E+pn2
3.860E+02
3+860E+n2
3+860€+n2
3¢860E+q2
3.860E+9p2
3+860F+02
3.860FE+n2
3¢R60F+pn?2
30860E‘02
3.860E+02
3«860E+n2
3¢860F+n2
3.860F+02
3¢a60E+n?2
3¢860F+n2
3+860F+n2
3¢R60F+n2
3eR6UF+n2
3¢860E+02
3.860€E+p2
3+4859F+ 2
30859F‘62
3¢R59F +pn2
3¢859€+n2
3e859FE+n2
3.R59F+¢2
3.5595’62
3+859E+n2
3+859E+n2
3.859F+¢2
30859E’62
3.859E+02
3¢859E+02

3.859F+92

3+859E+92
3.RSIF+A2
3.859€+02
3.R58E+pn2
3.858E+02
3.858E+p2
3.A58E+n?
3.858F+p2

STEEL
STRESS

-2.454t‘03
-2.454L+03
=2.454k*02
-2,454E 403
-20454E’03
=2.454E+03
=2.454E+03
=2+454L* 03
-20454t‘03
=2.454E%n3
=-2.454L+n3
-2.454L%03
-2.454t+03
=2.454L+(03
-2.454t‘03
=2.454E+n3
=-2.,454E+03
=2.454E+03
-20454t‘03
-?_045‘t’03
=2.454L*n3
=2+454L %03
=2+454L*p3
=2+454E* 3
-20454t‘03
=2.454E+93
-2.454t"’03
-2.454E+n3
~2.4564E%03
-2.454L+03

'20454t’03
=2.454L %3
’20454t’03
-2.,454k+%03
-2.454t+03
-2.454E+03
-2.454E+%03
-2.,454E+03
=2.454L+p3
=-2.,454E+03
-2.454E+n3
«2,454E+03
=2.,454E+03
'20454;}03
=2.,454E+03
“2.454E403
-2,454E403
=2.454E%03
-2,454E+03
«2.,454L+03



24.6
25.1
25.6
2641
26,6
27.1
27,6
28.1
28,5
29,0
29,5
30.0
30.5
31,0
31.5
32,0
32,5
33.0
33,5
34,0
34.5
34,9
35,4
35,9
36.4
36.9
37,4
37.9
38,4
38,9
39,4
39,9
40,4
40.9
41.3
41,8
42,3
42,8
43,3
43.8
44,3
44,8
45,3
45,8
46,3
46.8
47,2
47.7
48,2
48,7
49,2

-105945-02
=1.626F=02
-1.658F-02
=1+4690E=02
~1.721F=02
=1+753F=n2
=1.785E=92
=1.817F=-92
'10849E-q2
~1.881E=n2
=1.913E-12
=1.945E=-02
=1.976E-02
=2.008E~02
-20 ﬂ40F-02
=2.NT2E=02
~2,104F=02
-2.136FE=-07
-2.168E-02
-2.,200F=-02
=2+232E=n2
=2.263E-02
=2295F=n2
=2.327€E=-02
=2 +359€=02
'20391E-02
-2.423F=02
=2.455€E=n2
'2.487F'02
-2.518F=02
~2+551FE=02
=2.5R83F=n2
=2.616E-n2
'20649E'02
~2.682FE=n2
=2+T15€E=02
=2eT49FE=-0?
=2.783E=n?
-2.818F=n2
=2¢853F=02
-2 .AR8F =02
'2.9?3[‘--(‘2
«2.959F=02
~2+995E-02
-3.031E-02
=3.767F=02
-3.104F=02
=3.141E-n2
=3.179F=02
-3.216F=02
=3 4254F=02

1059§E'Ol
1e626F=01
1.658E=n1
1.690E=01
1.722€-01
1.753E=-01
1.785E=01
1.817E=-01
108495'01
10881E'01
loqlaE'ﬁl
1.945F=01
1.977E-01
2.009F=01
2.040E-01
2.072F=01
2.104E-01
2+136F=n1
2«168F=n1
2.200E=-01
20?32E'Ql
20264E'01
2.295E-01
2.327F=01
201595'01
2¢391E=-01
2+423FE-01
2455F=01
20487E'ﬂ1
2¢519€-01
20551E'01
24583F=-51
2.616F=n1
2¢649F=01
2.682F=-01
2-716E'01
2.749E=91
2.784F=n1
2.818F=01
2.853E-01
2+RRBE=Q1
2.923E=n1
2¢959€E=-01
ZOQQSF-(’I
3.031FE=-01
30068E'01
3.104E'01
3.141E-901
3-1795'01
3.217F=-01
3eP55F~-01

3.858FE+pn2
3¢858E+n2
3.858E+n2
3.A58E+n?
3.858E+n2
3.858E+n?2
3-g58E*62
3.858E+qn?2
3.957E¢02
3.RS5TE+0?
3.857E+q?2
3¢RASTE+A2
3eR57TE+n2

3.857E+n2

3.857E+n2
3.A5TE+n2
30ﬂ57E002
3.857E+n2
3.R56F+n2
3.R56E+n2
3.856F+n2
30856E002
30RS6E¢h2
3.R56E+n2
3.R56E+n02
3.,856F+n2
3.R55E+n2
30855E¢ﬂ2
3eR21E+n2
3639E+n2
3e457E+n2
3.27S5F+n2
3.094F+n2
20912E¢n2
20730F*02
2e548E+n?
2¢366F+n?2
2+)184F+n2
20002E¢02
1R820E+02
l1+.638E+n2
1.456E+02
1.274E+n2
1.092E+02
9.098FE+n1
7.27pE+61
S¢458E+n1
3.638E+q]
1.818E+n]
-1 eR20E=-n2

=2.454E+03
-2,455E+03
=2.,455E+03
=2.455E+03
-2,455L+03
~2.455k+0n3
=2.455E+03
=2.,455E+03
=2.,455L+03
-2 ,455E+013
~2,455E+n3
=2 ,455E+03
-2,455t+0n3
-2 .,455E+n3
-2,455E+n3
-2.,455Et+n3
-2.455k+n3
-2.,455E+03
-2.,455E+03
-2 ,455E+03
-2 ,455E+n3
=2.,455t+n3
=2,455L+n3
-2.,455E+03
=2.455E+03
'2.455E¢03
-2,455t+03
-2.455E+n3
-2.455E+n3
-1,973Et+03
6.247L*02
3,222k+n3
S.820t+03
B8,418L+03
1,102k+04
1,361E+04
1.621t+n4
1,881t+04
2.141k+ny4
2.400E+04
2.,660E+0n4
2,920E+04
3.180t+n4
3,430E+04
3,699E+04
3,959t+04
4,219E+n4
4,478t+n4
4,738k+n4
4,998k +n4
S.25BE+04
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PROR
A-2

CRCP=2 TESTING
EXAMPLE PRORLEM FOR CRCP=-? TESTING

AOND LENGTH > 1/2 XBARs WITH HIGH F=M CURVE

BABBBBLRBBRBBRDBRGBDBBBONDROROHBODDBBBER IR OB D HY
® »
# STEEL PROPERTIFS ®
® #
LA 2 R L R e Y T T L L L L

TYPE OF LONGITUDINAL REINFORGEMENT IS
DEFORMEN RARS

PERCENT REINFORCFMFNT = 1.2§ng+ng
BRAR DIAMETFR = 1+000FE+0N
YIELD STRESS = feNQOE+N4
ELASTIC MODPULUS = 2e900E+"7
THERMAL COEFFICIFNT T Se000E~0K

LA S RSl 22t el e e eyl Y gy Y ey

" ®
'y CONCRETF PROPERTIFS i
" &

LA AR A sl 22 2 il sl sl 22yl 2 Y Y Yy

SLAB THICKNESS = 14000F+0)
THERMAL COEFFICIENT = S,000F-06
TOYAL SHRINKAGE 2 4,000F-04

UNIT WEIGHT CONCRETE= 1.500F+02
COMPRESSIVE STRENGTH= 2,500F+073

TEMSILE STRENGTH NATa
HRnBBNEAaBOBBRORBRIRLY

NO TENSILE STRENGTH DATA Is TNPUT Ry USFp

THE FOLLOWING AGE~TENSILE STRENGTH RELATTONSHIP
IS USED WHICH IS RASED ON THF RECOMMENDATION

GIVEN RY U.S. RUREA!I OF RECLAMATTION

AGEs» TENSIIE
(D2YS) STRENGTH

Nel Qa0
1.0 85.7
3.0 191.9
Se0 2488
T«0 282.5
14,0 338.8
21.0 370.1

28,0 3B4.6
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BERFBAROIBRABPEORBREDGDBOBEBEB DRI CDHBERB D LBEHEGD

& +*
# SLAR«BASE FRICTION CHARACTERISTICS &
» F=Y RELATTONSHIP ®
-2 -2

L2222 LA Ll s i by eyl ey gy

TYPE OF FRICTION CURVE IS A PARABNLA

MAXIMUM FRICTION FORCE= 7.5000
MOVEMENT AT SLIDING = -e20048

ryx 2 x2-2 2232122202212 22 2222 yyy

# o
® TEMPERATURE DATA hof
# #

L3222 222 it 2 sty yyys

CURING TEMPERATURE= 7S.0

MINIMUM DROP IN
DAY TEMPERATURE TEMPFRATURE
1 7240 3,0
2 69.0 hel
3 €3.0 22.0
4 53,0 22.0
5 6£0.0 15,08
6 65.0 10.0
7 54,0 21.0
8 15.9 60,0
9 59,0 16.0
10 70.0 858850
11 %0,0 25.0
12 %0.0 25,0
13 15,0 60,0
14 84,0 21.0
15 30.0 45,0
16 59.0 1.0
17 15.0 AL
18 5440 21.0
19 £3.0 220
20 64,0 2140
21 6£9.0 6.0
22 22.0 53.0
23 6640 19.0
24 30.0 45,0
25 32.0 43,0
26 4340 3240
27 5640 1940
28 57.0 1840

MINIMUM TEMPERAYURE EXPECTED AFTER v
CONCRETE GAINS FULL STRENGTH = (.0 DFGREES FAHKENHEIT
DAYS BEFGRE REACHING MIn., TEMP, = 280 DAYS
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rr 23222 22T YL 2L 2224 2 A2 22 2L Y LYY

& #*
& EXTERNAL LOAD #
@ ' &

YT 22y is sl ey X1y ey gy y Y

WHEEL LOAD STRESS (PSI)= 0,
LOAD APPLIFD AT = 28 TH DAY

T2 YT YT R L R 2y Yt R 2 YR Lyl XX Ry

# ®
® ITERATION AND TOILERANCF CONTROL @
# ®

T2 22 yYrY R sy ey eyl Lyl xyy Y

MAXIMUM ALLOWABLE NUMBER OF ITERATIONSE 30

RFLATIVF cLOSURE TOLERANCE= 1e0 PERCFNT



TIME
(DAYS)

50
1433
1450
?029
P38
Pe40
P?e4()
740
Pet)
?e46
7450
350
450
Re50
fe33
6045
6eS50
7.3
734
735
739
T 4?2
750
850
930
Q.33
Qe36
Geé]
9050

1reSO
1750
1232
i?035
17033
12443
1?.50
1350
14(33
14437
14643
14450
15450
1629
16432
16435
16439
T6044
1650
17.50

CRCP=? TESTING
FXAMPLE PRORLFM FOR CRCP-? TFSTINA

ROND LENGTH > 1/2 XBAR.

TEMP
DROP

3.0

e

60

6e9
1660
175
175
177
187
2l.1
220
2240
150
1Ge0
100
200
21e0
210
31.0
35.1
4561
€27
6Gel
160
160
2640
369
4600
559
250
250
251
3500
450
55.0
690
210
210
3.0
410
4540
160
1640
2640
36.0
4640
5640
6040
21.0

DRYING
SHRINKAGE

1eBl14F~06
4¢B802F=16
B e394F=0n6
Be190F~n6
Ae4Q0FE=nb
8.5485-n6
ReS549E~n6
ReSSTF=n6
RebOLGF=06
ReT753F=06
Re910F—-06
1 e236E-GS
1e576E~05
1909€E=05
7.181F=n5
?e221F=05
2e23TE=(S
2.497F=05
?2¢507F=n5
2¢511F=05
?e522F=05
?533F=¢5
2¢589F=n5
2e¢BT6F=05
3e124F=05
3¢134F=(5S
3¢145F~05
3¢158F=n5
3¢1RTE=(S
3¢493F=05
Qe T794F=05
4e037F=n5
40046F=05
400375'05
4071E~05
4¢090F=05%
4¢382F=05
4e619E=0S
4¢632€6=05
406495'05
4e6RBF~05
QQQSIE-OS
Se171€-05
Se179€E=05
5;1385'05
5¢198€E-05
S5e212F=05
S5+278F=05
QQSOIF'GS

TENSILE
STRGTH

44 4R
1953
1148
1574
161.7
162+6
162+6
1627
163.4
165.5
167eR
2769
23544
257.5
2716
2736
2744
28842
28544
2855
2859
28he2
2869
29S¢ 4
3070
3073
3076
3079
3037
3118
319.R
3261
32he 4
326?6
3270
3275
335
3404
34006
3409
3412
345.8
34944
34945
34947
349.8
3501
3503
354.R

WITH HTGH

CRACK
SPACING

4800.0
48000
4800.0
480040
480040
240000
120040
6000
3000
15040
150410
1500
15040
15040
15040
150.0
150.0
150.0
150.90
7S.0
TSe0
37.5
375
375
37.5
375
37.%
37.5
375
3765
37.5
37.5
37.5
2745
37.5
37.5
375
37.5
37.5
37.5
37.5
37.5
37.%
37.5
37.5
37.5
37.5
375
37.5

FeM rURYE

CR:CK
WInTH

A TTRE=n4
QQ321E-04
1?5E=03
1e4T4E=N3
Se621FE-03
GQQBSE-O3
SeT&H41E~03
Ce65TE"N3
Se581F=9n3
Se431F~03
Se 791E=03
£+¢370E=03
401“15-03
PeT4OE=(3
?¢98rE=n3
6+R44F=n3
T«?287E~03
7.58B7E=03
1e?227E—n2
9.168E~03
1e?2?2E~0n2
ReS1RE=N3
9+82°E~n3
2+562E-03
?¢645E~n3
4¢22TE™N3
GeRBTE=03
T7«600F=03
901855-03
bolgiE-03
4e300E=03
407386E=93
feNS2E=N3
70767E-03
9.519E=p3
14041E=02
3eR6NE~(3
F¢947E=n3
5+593E=03
7029QE-03
74996E=03
30?57E-03
3¢330F=03
4+4953E~9p3
6e637E=03
Re364F=03
1012F=02
100946-02
4e244F=n3

113

MAX 1MUM

CONCRETE STRESS 1IN

STRESS THE STFFL
1.417E+0n1 1,417€+n3
Peb34E+0] 2¢368E+03
Se013E+n1 4,480E+03
he345E+N1 Se600E*03
1.500E+02 1.297E+r4
1 «625E+02 le416E*+04
14617E+02 le41SF*04
1+557F+0n2 1e417F*04
1+49RFE+ 02 le413F*04
10454E’02 104005’04
1450RE+02 l1e450F+04
1704E+02 l.600F*04
143R8F+02 1319F*04
1.212F 402 1086E+n4
12RTE+N?2 1e143E+04
10956E402  1.TAOF+04
2.021E+0? 1.R29F+n4
?.094E+02 1.882F+n4
?+65RE+ N2 2e410E%04
?.2BNE+02 2.077FE+04
Peb34E+02 2.411F*04
?«18RE+(?2 2.000E*04
2.352E+02 2e154F +n4
1.215E+02 1.065E*04
1+245E402 1.0R4E*n4
1 «87SE+0? 1.396F +04
1eRSGE+DN? le663E*+04
2¢114E+02 1e¢902F+04
?e326F+02 2.101F*04
1 «5BRE+ 02 1.393F+0n4
1625E+02 1.416E+04
1.655E£+402 1.434F %04
1¢944E+ (2 1. 70SE*04
?¢203E+02 1.947F*04
2.440E402 2¢169F+04
?2¢554E+02 2e2T74E*04
1«570E+02 1e341FE%04
10597E002 1e387E+04
1.902E+02 l.642F 404
?2174E412 1.,895E+n4
22T6E+02 1.990€E+04
1461E+02 1219E+04
16484E+02  1,233E+04
1.810E+02 1.536E+n4
?.096E+02 1.802F+04
203536402  2.042E404
?QSQOE*OZ 202625‘04
?0681E*02 2e¢346E*n4
106866‘02 10410F‘04
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18,45
18,50
19,50
20150
21.27
21.30
21033
21.37
21e42
2150
22.50
23.32
23.36
23442
2350
24450
25450
26,50
27450

210
2240
21,0

6.0

6.0
1640
26490
36.0
4640
530
19.0
19.0
29.0
39.0
45.0
4360
3240
19.0
18.0

5. 758F=05
SeTT1E=-05
64035F=05
6e296E=05
£0494F=05
60502E'05
6¢510E-05
60520E'05
64532E~n5
6¢583E=n5
6+806E-05
7.010E~05
7.021€-05
Te034F=-05
70055&'?5
7+300E=05
Te542E=05
7.780E-05
BIOISE-OS

359.1
359.3
363.6
367.9
37046
3707
370.8
37ne9

371.0

37141
37303
375.0
37Sel
375.2
37543
377.4
379.5

38146

383.6

37.5
37.5
3745
37.5
37.5
37.5
37.5
3745
37.5
37.5
37.5
37.5
3745
37.5
37.5
37.5
37,5
37.5
37.5

4.332E=03
4450CE=n3
44428E=03
2¢154E=-n3
?.214E=n3
30776E'63
QQ42:E'03
Tel117E=-0n3
Re854E=-n3
1.009E-02
4¢363E-03
4043?E'O3
6.101E-03
7.817€=93
ReB6TE=n3
Re606E=03
6.793E=03
4069?E-63
4.607E-03

1.71?E002
1.746E+02
1.,741E+02
1.220F002
1.261E+02
1e621E402
16942E+02
2.226E402
Pe4B3E+02
?.651E+02
1. 74RE+N?
10765E002
2.071E+02
24344E+02
2.498E+n2
?0467E¢02
2.197E‘02
1083OE‘02
1.81RE+02

1.425E+04
1.456E+p4
1,442E+04
9.497E+03
9.630FE+03
1.315E+04
1.612E+04
1.875F+n4
2.113E+n4
2e269E+04
1.422E+04
1.432E+04
107]5E‘04
1.968E+04
2.109E+04
2.072E+04
1.814E+04
1.46TE+04
1.448E+04




AT THE END OF THE

ANALYSIS PERIND

CRACK SPACING = 2.783E+00 FFFT
CRACK WIDTH = 2.37BE=02 INCHFES
MAX COMCRETF STRESS= 3.827E+(Q? PSY
MAX STFEL STRESS = 2.6T4E+04 PSIT,
CONCoTENS,STRENGTH = 3,R46FE+02 PSY
STA=- DIS- CONCRETE FRICTION
TION TANCE MOVEMENT FORCE
1 0.0 0. Qe
2 e2 =l.nB4E=04 1+ 747E=01
3 «3 =2.1T71F=0n4 2¢471E-91
4 ¢S5 =3.259FE-n4 3.02BE=q1
S o7 =4.,350F=04 3.498E-n1
6 e8 =5.443F-04 3.913F=n1
7 le0 =6.538E=04 442R9E=01
8 1e2 =T«635E=04 4+635F=n1
9 143 =8eT734E-n4 4¢957F=n1
1¢ 1¢S5 =9.835F+=04 Se260F=01
11 le7 =1e¢094E=03 5e¢54TE=q1
12 l1e8 =16204F=03 SeR?21F-0n1
13 2¢0 =1315E"-n3 6¢0R3F=01
14 22 ~1e426F=03 6¢334F=n1
15 2¢3 =1+537E-03 6576E=01
16 2¢5 =1e¢649F=03 6¢810F=01
17 2¢7 =1e¢760E=03 T«037E=01
18 2B =1.872E=03 Te25TE=01
19 3,0 =1.984E=03 Te471F=p1
r-44 3.2 =2.096F=03 Te679F=-01
21 363 =2.209F=-03 7+R83E=-n1
22 3.5 =2.321E=-03 B8e 081F-n1
23 3.7 =2.434E=03 8.275€E~=0n1
24 38 =2.547E-03 Be465F=¢1
25 4.0 ~2+661E=03 8.652E=n1
26 4,2 =2.TT4E=03 BeRI4&FE=n]
27 4.3 =2.888E=-03 9.013F=01
28 4¢5 =3.002€=03 9.189F=01
29 4¢7 =3.116E-03 96362E=q1
3 4¢8 =3.230E-03 9.533E=-01
31 S5¢0 =34345F=03 9.700F=-01
32 S5¢2 =34460F"03 9+865E=0n1
33 5¢3 =3.575£=03 1.003F+00
34 S¢S =3.690E~03 1019€+00
35 5.7 '3.8055-03 10035E‘OO
36 Se8 ~3.921F~03 1.050E+00
37 60 =4.037E=03 1066F+00
38 662 =4153E-03 1«.0B1E+00
39 6e3 =44269F=03 1 096FE+00
4 6.5 =4.385F=¢3 1«111E+90
41 6.7 =6.502E-03 14125E+00
42 6e8 =4.619E*03 1¢140€+00
43 Te0 =4.736E-03 1¢154E+00
44 Te2 =40853E=03 1.168E+00
45 T3 =4.971E-03 1182E+00
46 TeS =5.089€~03 1¢196E+00
47 7.7 =5.206E-03 ).210F+00
48 7.8 =5.325FE+03 1.224E+00
49 8.0 =5.443FE-03 1237E+00
S0 B.,2 =5.561F=-03 1.251€+00

CONCRETF
STRESS

3.R2TE+n2
3.789E+n2
3e751E+42
3¢713E+n2
3.6T4E+02
3¢636E+n2
3.598E‘02
3e859E+n2
3¢521E*n2
3¢483E+n2
3¢445E+p2
3¢406E+02
3+368E+n2
3¢330E+n2
3e¢292E+n2
3¢253E+n2
3+215€E+02
3¢177E+02
34138E+p2
3¢100E+p2
3¢062E+n2
3¢024E+n2
2¢9B5E+n?2
2¢94TE+n?
2¢909F+n2
2¢RT1E+nA2
2¢R32E+n2
2 794E+n2
2¢756E+n2
2¢717E+n2
2¢ATIE+*n2
2+641E+pn2
2+603F+ 02
2¢564E+n2
2526E*02
2+488F*n2
2¢450E+02
ZQQIIE‘OZ
2373E+p2
2+335E+02
2¢796E+0n2
2¢258E+q2
27220E+02
2¢182E+n2
2143E+02
2+10SE+02
20067E+02
2.029€+02
1.990E+02
loQSZE‘"Z

STEEL
STRFSS

-4 ,989E+n13
-4 ,6T7T2E+n3
-4,355t+p13
-4,037E*¢03
=3,720E403
-3,403E*03
-3,N86t+n3
=2.768E*n3
-20451t003
=2.134L%03
-1.816t*13
=1.499E+1n3
-1,182t+n3
~8.646E+0?
=5,473E+02
-2.300L%0?
8.730L*01
4 ,046E+02
T.219E+02
1.035E+03
1,356Et+03
1.674L+03
1,991E+03
2.308E*03
2.626L%03
2.943E+03
3,260E%03
3.,577E+4n2
3.895L+03
4,212E*03
4,529L403
4,84TE*n3
S.164L%02
Se48lE*013
5.798E+03
6.116E403
6.433k+03
6.750E*03
7.068E+03
7.385E+n3
To702t%03
8.019E+03
8.337t+0n3
B.654E+03
8.971£+03
9,2R9E+03
9,5606E403
9,923E+03
1.,024E+04
1.056E+04
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el el
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11.0
11.2
11,4
11,5
11,7
11.9
12,0
12,2
12,4
12,5
12,7
12.9
13,0
13,2
13.4
13.5
13,7
13,9
14,0
14.2
1444
1445
16,7
14,9
15.0

15.2

15,4
15,5
15,7
15.9
16.0
16,2
16,4
16,5
16,7

=5.680E~03
=5,799€~03
-5.918F=03
-6,038E-03
-6.157E~03
-6'3975-03
-6,518F=n3
=6,638E~03
=6.7TS9E=03
~6.880E=03
~T«001E~03
=7+122E~03
'7'2435'03
=7+365E=03
=T +48TE=~03
=7+609E=03
=7.732E=n3
-7 854E'n3
=T+977E=n3
-8.,100E=-03
=-8,223F~n3
-84347E-03
~8,470E=-03
-84594E=03
-8 ,718F=n3
“808‘2E'03
=8.967E-03
~9,091F=03
=9,216F=03
-9+341F~n3
*9.,46TE=03
-9.,592E=03
=9.718E=n3
«9,844FE=03
=9,970FE=03
~1,010E=02
=1.,022E=02
~1.,035F~02
=]1.048F=02
=1,060E=-02
=~1,073E=02
'11086E'O?
-1.099E-02
~1.111E=02
~12124E=-02
-1.137€=02
=] «150E=~02
~1.163€=02
=1.176E=n2
=]1¢189E=q2

1+264E+00
1.?77E000
1.290F+q0
103035‘00
12316E+n0
103?9E*00
103415400
1.3%4E+00
1¢366E+00
10379F000
1.,391E+00
1.403F+00

1e415E+00

1442T7E«0n0
104395‘00
1.451E+00

10463E090

1.475E+00
1+4B6E+00
1.498F4+00
1e509F+00
1.521F+00
1.532E+00
10344E*00
1555F+00
1.566F+n0
10%?7E’Q0
1.58BF+00
1.599E+00
1610E+00
10&?15‘00
1.632E+00
10643E000
1+663F+00

1.664F+00

1.675E+00
1.6R5E+00
1e¢696F+00
1e706F+00

10717E006

1+727E+ 00
1.737€+00
1e74BE+00

1.758F+080

1+768BE+00
1.778E+00
1.7RBE+00
1799E+00
lﬁaOQE‘QO
IQSIQQOOO
108295*00

l1e5l4E+n2

‘1«R7TSE+n2

1&9375??2
1+799€+q2
10761??0?
1.722E+n2
1e6B4E+N2
1.646E*02
106085092
1+569E+02
1.531F+02
1+493E+02
10454E+92
104165‘92
1e378E+n2
14340E+4n2
10301E‘0?
1.263F+02
1o225E‘02
1+186E+02
1+148E+n2
IQIIOE‘OZ
1.072E+02
1+033E+n2
909515?91
9 +.569E+p]
90386E*§1
BsR03F+0)
80@205‘01
B+038F+n1
70655E*§1
Te272E+n]
6.889F+n]
6507FE+n])
60124E*Q1
Se741E+pn]
S«358E+n]
4+976E+n]
4e593E+01
4e210F+n]
34827E+A]
3.445F+01
3.062E+01
2eATIE+N]
2.296E001
109145‘91
1e531€4+01
1+)148E+01}
7-6555*90
3.AZ2TE+qQ0
Qo

1,088E¢04
1.119E+04
1.151€E404
1,183t 404
1,214E+n4
1.246E+n4
1,278L+04
1,310E+04
1,341t+04
1,373E+04
1,405t+04
1,437E+n4
1.,468L%04
1.500E+04
1,532€+04
1,563E+04
1,595L+04
1,627L+04
1,659t+n4
1,690E+04
1,722t 404
1,754L+04
1.786E+04
1.B17E+04
1,R49t+04
1,881E+04
1.912E+04
1,944E404
1,976t+04
2.008E+04
2.039E+04
?2.071E+04
2.103k+04
2.135E+04
2.166E+04
2.198t+04
2.230E+04
2.,261E+0n4
2,293t+04
2,3725E+04
2.357EL+04
2.38Bt+ns
2.,420t+04
2+452E+04
2,4Rat+n4
2.515E+n4
2.54TE+04
2.579E4n4
2,610E404
2.642E 404
2.674E*n4



PRUB
B~1

CRCP=2 TESTING )
EXAMPLE PROBLEM FUR CRCP-2 TESTING

NO INCREASE IN TENSILE STHRENGTHM AFTER 28 TH DAY

§§§§ﬁ§ﬁﬂ§§§§§§¢§§ﬁ%§#ﬁﬁ#ﬁ##%ﬂﬂ“#“*#ﬂ“ﬁ##%#G##Q##

% #
# STEEL PROPERTIES ®
- -3

BHRERRERIRRAG R RR UGB GR AR R R ROR BN ng Rty eBan

TYPE OF LUNGITUDINAL REINFORCEMENT IS
DEFORMED BARS

PERCENT REINFORCEMENT = 1,200E+00
BAR DIAMETER = 1,000E+00
YIELD STRESS =z 6,000E+04
ELASTIC MODULUS = 2.900E+07
THERMAL COEFFICIENT = 5,000E-06

BREBSFCIBDIRBBRTRT R R BRSO RN DIy Ryt

% ®
# CONCRETE PROPERTTES ®
% %

BHOHRRRBNGAREUBRERIRpo R RIBBRaERRRRRRON RIS TEES

SLAR THICKNESS = 1,000E+01
THERMAL COEFFICIENT = 5,000E=06
TOTAL SHRINKAGE = 4,000E-04

UNIT WEIGHT CONCRETE=z= 1,500E+02
COMPRESSIVE STRENGTH=z 3,500E+03

TENSTLE STRENGTH DATA

shasadipsoastipnatans

NO TENSILE STRENGTH DATA IS INPUT BY USER

THE FOLLOWING AGE-TENSILE STRENGTH RELATIONSHIP
IS USED WHICH IS BASED ON THE RECOMMENDATION

‘GIVEN BY U.S, BUREAU OF RFCLAMATION

AGE, TENSILE
(DAYS) STRENGTH

00
116.0
24945
316.8
355.4
417.8
45]1,3
46647

B ~NUlWw~- O

s & * » v = & =

- R I - N Jhe B B ]

NN -
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LI A2 s LAl LY RTRLTRTY LRI T RPPAR PR L P gog-s

o
»
*
L]

<

SLAB-BASE FRICTION CHARACTERISYICS #

F~Y RELATIONSHIP

*
*

AR LA L2 AL IR FERTLE LY TR PE R T E YR PG G 3 grgogny

L2 2222422222222 22 ey eeey
L]
#

*
(2221222 ey Y Y Y ey

#*
*

“

DAY

L Ll el =
NP LN HOSODONO NS GWN =

18

TYPE UF FRICTION CURVE IS A STRAIGHT LINE

MAXIMUM FRICTION FORCE=
MOVEMENT AT SLIDING =

TEMPERATURE 0DATA

CURING TEMPERATURE= 75,0

MINIMUM QROP IN
TEMPERATURE TEMPERATURE
72,0 3.0
69.0 6.0
53,0 2240
51,0 24,0
60,0 15,0
65,0 10,0
54,0 21.0
15,0 60.0
59,0 16.0
20.90 55.0
50,0 25,0
50,9 25,0
15,0 60,0
54,0 21,0
30,0 45,0
59,0 16,0
15,0 60,0
54,0 £1,0
54,0 21,0
69,0 6.0
22.0 53.0
56,0 19.0
30,0 45,0
32,0 43,0
43,0 32.0
56,0 19,0
57.0 i8.0

MINIMUM TEMPERATURE EXPECTED AFTER
CONCRETE GAINS FULL STRENGTH
DAYS BEFORE REACHING MIN, YEMP,

3,0000
=«1000

= 0,0 DEGREES FAHRENHEIT
= 28,0 DAYS



(XX 22233222 LR LY LR ree S LAY LR Y

#* L 2
# EXTERNAL LOAD #
'y w

R T T L L LT T T ey B P g g G P g g g e

WHEEL LOAD STRESS (PSI)= 0.
LOAD APPLIED AT = 28 TH DAY

LYY TI 22232 RS L2222 2R EYR L AL L 2s s

® «
® ITERATION aND TOLERANCE CONTROL *
» ' ®

spaninbisnaddgaanntnaontaditassaptonnsddonntdtatetans

MAXIMUM ALLOWABLE NUMBER OF ITERATIONS= 30
RELATIVE CLOSURE TOLERANCE= 1,0 PERCENT

119
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PRUB

TIME
(DAYS)

+30
1.33
1.50
2.29
2.38
2.43
s
2.46
2,50
3,43
3,50
4,50
5.90
6,33
0,45
6,50
T.31
T.32
T.34
Te37
7.38
T.a2
7‘50
8,50
9.30
F.33
9.36
F.41
.50
10.50
11,50
12,32
12,35
12,38
12‘43
12.5¢
13.5¢
14,33
14,37
1%,43
14,590
15.50
16,29
16.32
16,35
16,39
16,44
16,590
17.50

CRCP=2 TESTING
EXAMPLE PROBLEM FOR CRCP-2 TESTING

NO 'INCREASE IN TENSILE STRENGTH AFTER 28 TH DAY

TEMP
DrOP

3,0
3.0
6.0

1640
2040
20.3
21,2
22.0
22,0
24,0
15.0
10.0
10,0
20.0
21.0
21.0
25,7
31.5

415

43.0
53.0
60.0
16,0
16,0

2640

3640
46,0
55,0
25,0
25,0
25,0
35,0
45,0
55,0
60.0
2140

21.0

31.0
410
45,0
16.0
16.0
26,0
36,0
4640
5640
6g.0
21.0

DRYING
SHRINKAGE

1,814E-06
kiBUZE-06
5.394g-p6
8,190E~-06
B8.490E~pb
8,688E~06

8,910E-06
1'21¢E‘05
1,236E-05
1.,576E=-05
1 0909E’05

2.,181E-09

2,221F=05
20237E'05
2.4976-05
2+502E-05
2.507E=-05
2+518E=-05
2.520E-05
205345‘05
205595'05

‘2.8T6E=-05

3,124E=05
3.,134E-05%
3,145E=-05
3‘158E-05
3,187E-05
304935'05
3,794E=-05
4 ,037TE-05
4.0466‘05
4 ,n5TE=-05
4,0T1E-0%
4,090F=05
3'3825-05
4,619E=p5
4,632E-05

4 ,649E=(5

4 ,668E=05

#,951E=05

5,171E=05
3&179E505
S»ISBE-05
5.198E=05
5.212E-05
5,228E«05
5.501E~05

TENSILE
STRGTH

61,6
141.5
153,7
2073
212.6
215.8
216,2
217.%
220.1
265 ,3
267 ,6
326,9
342,9
345,2
346,1
358 .4
358,5
358,.7
359.0
359.1
359,5
36043
369,.8
377.3
377.5
377.9
3718.3
379.1
Jss,1
396,9
403,9
404 ,2
404 ,5
404,59
40S5,4
413,7
419,4
419,6
419.9
420.3
%25,3
429,2
429,.3
429,5%
429,7
429,9
430.2
435,0

CRACK
SPACING

4800,0
4800.0
4800.0
4800.0
48000
260040
1200.0
6000
6000
600.0
600.0
60040
600.0
600.0
60040
600.0
60040
300,.0
150en
150.0
75«0
75«0
75.0
75,0
T5.0
TS50
TS.6
TS0
T5.0
750
7540
75,0
75,40
75,0
75.0
7500
75.0
75.0
T5.0
TS0
75.0
TS0
75.0
T5.0
7S+0
7S50
7550
TS0
7S50

CRACK
WIDTH

3.764E=04

S.504E-04

10340E-03
106845'03
7.031E-03
9.480F=03
9.492E=03
9.258E£-03
9.911E-03
1124E~02
1.296E=-02
7.038E=-03
4,474E=03
4,917E=-03
1.268e~02
1.362E~02
1.433E-02
1.47%E~02
1325E=02
1.85¢0E=~02
1.190E=02
1.508E-02
1.738g-02
4.244E-03
4Q394E"03
T.208E-03
1.021E«02
1.333E~02
1.624E~02

‘7.158E~-03

7.361E~03

.7.524E-03

1.,05S€E~02
1,369E~02
1.692E~02
1.8%8E=02
6.,588E~03

"6.T41E-03

9.732E~03
1l.286E=02
1.414E~02
5.518E=023
5.,652E~03
8,5BgE=03
1.166E~02
1+484E~02
1.810E=02
1+943E~02
7.302E=03

MAX IMUM

CONCRETE STRESS IN
STRESS THE STEEL
1.651E+01 1,802E+93
3.080E+01 2,980E+03
S«774E+01 5,609E+03
T«4T2E+01 6,990E+03
175%E+02 1.638E+Ué
2+130E+02 2.003E+04
2+091E+02 1.,988E+U4
2+.058E+02 1.970E+04
2+140E+02 2.046E+04
2+%45E+02 2,292E+04
2.639E+02 2,472E+04
2.029g+02 1,868E+U4
1.672E+02 1,512E+04
1.790F+02 1,608E+04
2'887E*02 20621E‘04
2+998E+02 C.T22E+U4
3.122E+02 2.821E+04
3.185g+02 2,863E+04
2«984E+02 CeT11E+US
3.529E+02 3.217E+04
2+826E+02 2,568E+04
3+184E+02 2.898E+U4
3.421E+02 3.,11BE+u4
1.709E+02 1,509E+4s
1.754E+02 1.541E+V%
2+248E+02 1.999E+U4
2.67TTE+Q2 2039?5#04
3.061E+02 2.T53E+04
3.3825*02 3QQSOE§04
2+26BE+02 2,003E+04
2.323E+02 2.041E«U%
2+368E+02 2.,072E+04
2+805E+02 2,4TSE+ 04
3.197E«02 2,837TE+04
3.557E+02 3,168E.V4
3.T29E+02 3.326E+04
20240E+02  1.940E+04
2+2B1E+072 1.968E+04
2+T42E+Q2 2.392E+04
3.153E+02 2.7705*04
3.308E+02 2,912E+04
2+077E+02 1.,769E+04
2¢111E+02 1, 793E+04
2+602E+02 2.243E+04
3.034E+02 2.640E+04
3e424E+02 2.998E+04
3.7B4E+02 3,328E+04
3.922E+02 3.454E+04
2e%16E+02 2,06QE+04



18,45
18,50
19,50
20,50
21.27
21,30
21,33
21,37
21,42
21,50
22,50
23,32
23,36
23,42
23,50
24,50
25,50
26,50
27.50

21,0
2240
21,0
6.0
6.0
16,
26.0
36,0
46,0
53.0
19,0
19,0
29,0
39,0
45,0
43,0
32.0
19,0
18.0

5.758E~05
S.77T1E~05
5,035F-05
6.296E-05
§,494E=05
60502E“°5
6,510E-05
6,520E~05
6,532E=05
6,553E=05
6,806E=05
7.010E~-05
7.021E-05
T.034E-0%
T.055E-0%
70300E-05
7.5‘2E“05
T.780E=05S
SOOISE-OS

439,5
“39.6

4444

449 ,0
451.9
452,00
452.1
452,.1
452.2
452 .4
454 ,7
456,5
456 ,6
456,7
456 ,9
59,1
461,3
#63,4
465,86

75.0
75.0
75.0
75.0
7540
750
75.0
75.0
75.0
7540
75.0
7S.0
5.0
5.0
75.0
7540
75.0
75.0
7540

Te4b66F~03
T+770E~03
70645E'03
3.579€-03
3,689g~03
6.474E~03
9.,459E-03
1.,258E~02
105?96-02
I.GOQE-OZ
7.538E-03
T4665€£~03
1.071E-02
1+387E~02
1.582E-02
1.534E~02
1.199€~02
8.145E'03
7.983E~03

2+455E+02
2+505E+02
24498E+02
1.717E¢02
1.749E*02
2¢318E+02
2.802E+02
3.232E+02
3.622E+02
3.878BE+02

"24509E+02

2.5355*02
2+99TE+ Q2
3.412E+02

" 34644E+02

3.597g+02
3.188E+02
2.633g+02
2.614E+02

121

2. 087E004
2.1335#04
2,116E+04
1,414E+04
1.934E¢04
2,3T8E+04
2,770E+04
3,127E+04
3,360E+04
2.099E+04
2¢1165¢04
2+539E+04
20918E¢04
3,129E+04
3,078E+04
2,696E+04
2.181lE+04
2,156E+04
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AT THE END OF THE ANALYSIS PERIOD

CRACK SPACING
CRACK WIDTH

MAX CONCRETE STRESS=
MAX STEEL STRESS =

nu

2.881IE+00
2e454E=02

4.666E+02
3.030E*04

FEET
INCHES
PSI
PSIy

CONC.TENS.STRENGTH = 4.667E+02 PS]

STA=- D15~ CONCRETE
TION TANCE  MOVEMENT
1 0.0 0.
2 «2 =lesll6E=pDé
3 o3 «2U234ES05%
4 os -3.35&E'04
5 i? '6.‘775'0‘
6 «9 =5,60ZE-04
T 160 =6.729E«04
8 1e2 «7,B58E-04
9 Te® «B,990E=0%
10 1le6 =1.,012€-03
11 1s7 «1la126E=03
12 149 «1.240E-03
13 Zel =1.354E-03
14 202 '10“03E’03
15 2% -1.583E=03
16 206 -1.6975‘03
17 28 =1.812E=03
18 Pe9 «=1a928E-04
19 3.1 «2.043E-03
20 303 *20159E‘03
21 345 ~2.274FE=03
22 3.6 -2.391E-03
23 3.8 =2.5076-03
24 440 =2,623F-03
25 4,1 =2.740E-03
26 4.3 «2.857E-03
27 445 «2.974E~(3
8 407 =3.092E-03
29 4.8 =3.209E=D3
30 Se0 «3.327E=03
31 B5e2 =3e445F=03
32 5.4 '305b4€’03
33 GeB =3,682E-03
34 5.7 =3.801E-03
35 549 «3,920E=03
36 6s0 ~4,039E-03
37 6,28 «4,159E.03
38 6, % 4,278FE«03
39 5,6 L4.399E03
40 o7 =#,518E-03
41 649 «4,639E-03
42 Tel =4,759E=03
43 7J3 <4.8BQE-03
44 T4 =5,001E-03
45 Te® SB,122E-63
46 Te8 =5.2644E-03
47 8.0 =85,366E-03
48 Bel =5,488E-03
49 B3 =5.610E~03
50 8495 =5.732E-03

FRICTION
FORCE

0.

3.348E=023
6. T02E~03
1.006E~02
14343E=02
l.681E=02
2+019E=02
2.358E~02
2.697E=02
3.037E=-02
3.378BE~Q2
3.T720E=-02
40062E-02
4,40%E=02
4,74RE=Q2
5.092E=02
5.437E=02
5.783E-02
6.1295-02
6.47T6E=02
6.8B23E~-02
7.17?E'02
T+S521E=02
7.870E-02
8.221E=-02
B.S5T1E=Q2
8.923E~-02
9.2785E=02
9.628E~02
9.982E=-02
1.034E-01
1.069E=-01
1.105E-01
lel40E=01
1.176E=01
1.2125-01
1.24RE~01
1,284E~01
1.320E=01
1.356E=01
1.392E=-01
1.42RE=01
1.464E-01
1.500E-01
1«837E=01
1.573E-01
1.610E~01
1+646E=01
1.683E~01
l.720E-01

CONCRETE
STRESS

4.619E+02
#.5735002
4.526E+02
4e4B0E+QC
4,433E+0¢
4.38&E‘Oa
4.340E+0¢2
402935’02
40200E*OZ
40153E‘02
4.106E+p2
QQOGOE*Od
4,013E+02
3.966E+0¢
3.520E+02
3.873E+02
3.H26E+02
3.780E+0<2
3.733E+02
3058°E¢0£
3.640E¢0c
3.593E+9¢
I.548E+0<2
3.500E00€
3.453E+02
3.406E+02
3-3605‘03
3.,313E+02
3.266E+02
3.220E+04
3.173E+02
3.12bE005
3.080E+02
3.033E+02
2.986E4.02
2.940E4+0¢
2.893E+02
2.846E202

2.800E%02

24753E+0¢
2.7065#02
2+660E+02
2.613€e2
2.566E+92
2-5205*02
2.473E+02
2.426E+02
2.380E+02

STEEL
STRESS

“wB o 5%4E+03
«8.,166E+03
=T TTTES03
-7 +389E4+03
~7«000E+03
~64,612E4+03
=5e223E+03
«5.,834E403
«5.,446E4+03
-5.057E+03
=4.069E+03
=44,280E+03
~3.891E+03
=3.503E+03
«3.114E+03
-2+ 726E+03
=2.337E+03
=]1e948E+03
«]14560E+03
=1:171E+03
~74827E«02
=3.941E+02
-8 .503E+00
3.831E+02
T«T17E+02
1160E+03
1+549E4+03
1+937E+03
2+326E+03
2+T15E+03
3.103E+03
3.492E+03
308805003
4.269E403
4.658E+03
5.046E4+03
5.435E,03
5.823E4,03
6.,212€403
6.601lE+03
6.989E+03
Te3T8E+03
TeT66EL03
B.155E+03
805‘35003
8.932E003
5.321E+03
G« T09E+03
1010E+04
1.049E4+04



00 0D D Do
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*

13.7
13.8
14,2
14,3
14,5
14.7
1449
15,0
15.2
154
1546
15.7
15.9
16.1
16,2
16.4
T6.6
16.8
1649
17,1
17.3

-5.855E-03
~5,978£-03
-6.,101E-03
-6. 22‘E‘03
~6,347E-03
-604?15'03
-605958'“3
"6 s 719E'03
=6,844E-03
«~64968E=03
-7,093E=-03
~7.218E~-03
-?03635'03
=74 468E=03
~-7.,595E=03
~7,721E=03
«7+B4TE=~D3
~Te973E-03
~8.,100E-03
-8. 227E-03
~8,354E=-03
-8,481E-03
-8,609E~03
~8,T37E-03
-8 4865E-03
-80993E'°3
-9,121E-03
«3 4 250E=03
~3.379E-03
-".SUaE-O3
=3,637E=-03
~9,767E=03
«9,897€=-03
~1,003E-02
~1,016E«02
-1,029E~02
~1.,042E=02
-1 * 0555-02
~1,068E=-02
~l.081E=~0Q2
-1.094E‘02
-l,108E~02
-1,121E=02
=1le134E=0¢
~les147E=02
-lel6QE~0Q2
=1e174E~02
~1,187E~-02
-1.200E~02
-1.214E=-02
-1¢227E-02

1.756E-01
1.793E~01
K.836E'01
1. 867E~01
1.904E-01
1+541E=01
1.679E=01
2e016E~01
2.053E-01
2.091E~01
Z.IZRE‘OI
2.166E~p1
2+203E~-01
Z2.241E~01
2.27TRE~01
2.316E=-01
2+354E~01
24392E~01

2.430E=01

2446RE=901

2.506E~01

2.544E~01
2.583E-01
2.621E-01
2¢659€~01
2.698E~01
20736E-01
2.775E~01
2.814E=01
2.852E-01
R.891E~01
2¢530E=01
2+969E=01
3.00RE~-01
3.“‘7E'01
3.086E~01
3.126E=-01
3,165E=01
3,204E~01
3.244E=01
3.28B3E-01
3.323€E-01
3.362E-01
3.402E=01
3.442E~-01
3.481E~01
3.5Z1E-01
3.8561E=01

3.601E~01

3.641E-01
3.6B2E~-01

2¢333E+0¢
2:286E+02
202“°E¢05
20193&005
2+146E+02
2+100E+02
2+053E+0<2
2+006E+02
1960E+02
1.913E+0¢
1.B66E+02
1.820E+q¢
10773E002
1«726E+02
1.680E+02
1.633E+02
1.586E+02
1e540E+ 02
1.493E+02
1e%47E+02
1.400E+0¢
1.353E+02
1.307E+0<
10260E*0£
1¢213E+02
1e167TE+Q2
I-IEOE#OB
1.073E+02
10027E+Od
9, 799E+01
9.332E¢01
8.860E+pL
84399E+01
7.932E+01
T.460E401
6.999E+0 1!
6,533E+01
6,066E+01l
B.599E+p1
54133E+01
44666E+01
4+200E+0]
3.733E+01
3.266E+01
2.800E+01
2¢333E+01
1.866E+01
1.400E+01
$.332E« QU
4,866E+0U
0o

1+087E+04
1.126E+04
1+165E404
1:204E+04
1.243E+04
1+282E404
1¢321E+04
10360E*04
14398E+04
10437E004
1.476E+04
1515E4+04
1554E+«04
1593E+04
1.632E+04
1.670E+04
107095004
1e7T48BE+04
1.78TE+ 04
1.826E404
1.865E+04
1.904E+04
109¢2E004
1+981E+04
2020E+04
2+059E+04

" 2.,098E+04

2+137E+04
2+176E+04
20214E004
2+253E¢04
2.292E+04
2.331E404
2.370E404
Z2.409E+04
2.448E404
2.486E,04
2 QSESE'OO“
2.,564E+04
2+603E+04
24642E+04
2.681lE+04
2.720E+04
2+75BE+04
2.797E+04
2.836E+04
2.875E+04
2¢914E+04
2+953E+ 04
29928 +006
3.,030E+04

123
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PROR

CRCP=2 TESTING
EXAMPLE PROBLEM FUR CRCP=2 TESTING

ALLOW STRENGTH BUILD UP FOR 99 DAYS

QQG§§§“G##G“#ﬂGG#§§§§§§§§§§§§¢§§Q*QQGGQQQ*QQGQQ#

» #
# STEEL PROPERTIES @
& »

L2 A A ST T 22 2R TR LT TTRY LY FE T Py PRy e

TYPE OF LONGITUDINAL REINFORCEMENT IS
DEFORMED BARS

PERCENT REINFQRCEMENT = 1,200E+00
BAR DIAMETER = 1,000E+00
YIELD STRESS = 6.,000E+04
ELASTIC MODULUS = 2.900E+07
THERMAL. COEFFICIENT z 5,000E-06

LET T LYY DETTTLE LT FETY TY T PR PR g g gy

L] *
# CONCRETE PROPERTTES “
" &

BHBRRRBBAB ARG ARBRNIRGARRRRARBRBDORBBORRIRRNRDIBRNS

SLAB THICKNESS = 1,000E+01
THERMAL COEFFICIENT = 5,000E«06
TOTAL SHRINKAGE = 4,000E~04

UNIT WETIGHT CONCRETE= 1,500E+02
COMPRESSIVE STRENGTH= 3,500E+03

TENSILE STRENGTH DATA
BLBRBBBBBRBREBHRBRRDE

NO TENSILE STRENGTH DATA IS INPUT BY USER

THE FOLLOWING AGE=TENSILE STRENGTH RELATIUNSHIP
IS USED WHICH 1S BASED ON THE RECOMMENDATION

GIVEN BY U.S., BUREAU OF RFCLAMATION

AGE, TENSILE
(DAYS) STRENGTH

0.0 0.0
I.O 116Q0
3.0 249.:5
5.0 J16.8
Tl 35544
14,0 417.8
2l.0 45143

28.0 46647
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BB BB DB B B BER ARG BB RN R GRBOR BB B ER BB S

- 4
L SLAB~BASE FRICTION CHARACTERISTICS b
» F-Y RELATIONSHIP ¥
* @

Y I T LT T T T L PR T TR Y YRR R T PO PR g
TYPE OF FRICTION CURVE IS A STRAIGHT LINE

MAXIMUM FRICTION FORCE= 3.0000
MOVEMENT AT SLIDING = ~«1000

Spuapadasptanaattganitittiohon

# #
# TEMPERATURE DATA #
® &

L2222 L2 R Feyy Y Ll Ry

CURING TEMPERATURE= 75,0

MINIMUM DROP IN
DAY TEMPERATURE TEMPERATURF
1 72,0 3.0
2 69,0 6.0
3 53.0 2240
4 51.0 24,0
5 60,0 is,0
6 65,0 i0,0
7 €4,0 21,0
8 15,0 60,0
5 55,0 16,0
10 20,0 55,0
11 50,0 €5,.,0
12 50,0 25,0
13 15.0 60,0
14 54,0 21,0
15 30,0 45,0
16 59,0 l6.0
17 15,0 60,0
18 S4,0 £1.0
1% 53.0 22.0
20 54,0 21,0
21 69,0 6,0
22 22.0 53.0
23 56,0 13,0
24 30,0 45,0
29 32,0 43,0
26 43,0 32,0
27 56,0 19,0
28 57.0 18,0
MINIMUM TEMPERATURE EXPECTED AFTER
CONCRETE GAINS FULL STRENGTH = 0,0 DEGREES FAHRENHELIT

DAYS BEFORE REACHING MIN., TEMP. = 90,0 DAYS
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(X222 A2 TRy LT YL L LYY Y e Y E Y eee Y Y Yy

# #
# EXTERNAL LOAD haf
# #

XTI YT EY T E R PR LR LYY YRR YRR Y Y YT R Y Y

WHEEL LQOAD STRESS (PSI)= 0.
LOAD APPLIED AT = 28 TH DAY

Lrr 22222y R R R AR R AR R R YL LR LYY

# %
# ITERATION AND TOLERANCE CONTROL *
° %

YT XX 22222 2222 AT FYE LA ST R Y L YR YLyl Y gy

MAXIMUM ALLOWABLE NUMBER OF ITERATIONS= 30

RELATIVE CLOSURE TOLERANCE= 1,0 PERCENT



TIME
(DAYS)

«50
1,33
1,50
2.29
2.38
2.43
2.44
.46
2.50
3.43
3.50
4,50
5,50
6.33
6,45
6,50
7.31
T.32
7.34
7.37
7.38
T.42
7.50
8.50
9.30
9.33
9.36
9.41
9.50

10,50
11.50
12,32
12.35
I2.389
12,43
12750
13,50
T4733
14.37
14,43
14,50
15.50
16,29
16.32
16,35
16739
16,44
16,50
17,50

CRCP=2 TESTING
EXAMPLE PROBLEM FUR CRCP=2 TESTING

ALLOW STRENGTH BUILD UP FOR 90 DAYS

TEMP
DROP

—

000 WW
o ® e [ ]

OO O0OOO

20.0
20.3
21.2
22.0
2240
2440
15,0
10,0
10,0
20.0
21.0
2140
25.7
31.5
41,5
43,0
53,0
60.0
16.0
1640
26.0
36.0
46,0
55.0
5.0
25.0
25,0
35.0
45.0
55.0
6040
21.0
21,0
31.0
41.0
45,0
16.0
16,0
26.0
36.0
46.0
56,0
60,0
21,0

DRYING
SHRINKAGE

1.814E-06
4,802E-06
5.394E-06
8.190E'06
8.490E-00
8.,669E=-06
8.688E-06
8. 759E=06
8,910E~06
1,214E-05
1.236E-05
1,576E=05
1.909€E-05
2.18lE=-05
ZCZZIE-OS
2.237E-05
2.497E-05
205°2E'05
2.507E=05
ZOSIBE-OS
2.,520E=05
2.534E-05
2.559E=-05
2.AT6E=05
3,124E-05
3.13‘E'05
3,145E=05
3.158E'05
3.187E=05

J.493E-05

3.794E-05
4.03TE=05
4.046E.05
‘.057E-05
40071E'05
4,090€E-05
4,382E=05
T.6T9E-03
‘0632E-05
406‘9E‘05
4 ,668E=05
4.951E=-05
5.171E-05
5. 17T9e=79
5,188E=05
5, 198E~-(5
5.212E-0%
5,228E-0%
5.501E-05

"TENSILE
STRGTH

6l.6
141,.5
153.7
207.3
21246
215.8
216.2
217.4
220.1
265,3
267,.,6
301.2
326,9
342.9
345,2
346,1
358.4
358,.,5
358,7
359,.0
359,1
359,5
360.3
369,.8
377.3
377.5
377.9
378.3
379.1
348.1
396.9
403.9
404.2
4045
4064.9
405.4
413.7
419.%
419,6
419,9
420.,3
425%,3
429.2
429,33
429,5
479,7
429.9
430,2
435,0

CRACK

SPACING

4800,0
4800.0
480040
4800.0
48000
24000
1200.0
600.0
60060
6000
600.0
60060
60040
60n.0
60040
600.0
6000
300,0
150.0
15040
75.0
75.0
75.0
7540
75.0
7540
75.0
A1)
7S¢ 0
TS0
TSen
7S.0
7540
7540
75«0
TS50
750
7560
7S50
75.0
7540
7540
75.0
TSe¢0
75¢0
750
TS0
75,0
7540

CRACK
WIDTH

3.764E=04
5.504E-04
1.349F~03
1.684E-03
7.031E-03
9.480£E~03
90492E-03
90258E-03
9.911£=-03
1.124E=02
1.296E-02
T«038E=03
4,4T74E-03
4,917€-03
1,268E-02
1.362E-02
1.433€-02
1.4785E-02
10325F'02
1.85nE-02
1.190E=02
1.508E-02
1.738E-02
44244E=03
4+4394E-03
7.208E-03
1.021E-02
1.333E-02
l.624E=-02
T«158E=03
7.361E-03
Te524E=03
1.055E=02
1¢369E=-02
1.692€-02
1.858E=02
6.588E=-03
6.741E=03
9.722E=03
10286E'02
1s414E-02
5.518E-03
5.652E-03
8{580E'03
1.166E=02
1¢4B4E=02
1.810E=02
1.9‘3E-02
T.302E-03

127

MAXIMUM

CONCRETE STRESS IN

STRESS THE STEEL
1.651€E+01 1.,802E+U3
3.080E+01 2,980E+U3
50774E‘01 5.6095003
T7+472E+01 6,990E+03
1.755g+02 1,638E+U4
2.130E+02 2.003E+04
2.091E+02 1.988E+04
2.058E+02 1.970E+04
ZQIQOE‘OZ 2.0465004
2:445E+02 2.292E+U4
2.639E+02 2.4T2E+ V4
2.029E+02 1,868E+04
1:672E+02 1,512E+04
1.790E+02 1,608E+04
2.887E+02 2,621E+04
2+998E+02 2,722E+04
3.122€+02 2,821E+U4
3.155€+02 2,863E+04
24984E+02 2.,711E+04
3.529€+02 3.217E+04
2.826E+02 2,565E+0%
3.184E+02 2,89BE+V4
3.421E+02 3,118E+04
1. T09E+02 1.509E+u4
1¢754E+02  1.541E+04
2+248E+02 1.,999€+04
2.67TE+02 2.397E+uV4
3.061E+02 2,753E+V4
3.382€+02 3.050E+04
2.268E+02 2,003E+04
2+323E+02 2.041E+04
2+36BE+02 2.072E+04
2+805E+02 2.475E+04
34197E+02 2.837E+04
3.557E+02 3.,168E+04
3.729E¢02 3,326E+04
20240E+02 1.,940E+04
2+281E+02 1.,96BE+04
2¢T42E+02 2,392E+04
3.153F+02 2.T70E+0C4
3-308E‘02 20912500‘
20077E+02 1.769E+04
2+.111E+02 1,793E+04
2.602E+02 2,243E+04
3.034E+02 2.640E+04
3.424E+02 2.998E+04
3.784E+02 3.328E+04
3.922€E+02 3,454E+04
2.416E+02 2,060E+06
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18.45
18,50
19.50
20.50
21.27
21.30
21,33
21,37
21.42
21,50
22,50
23,32
23.36
23,42
23,50
24,50
25,50
26,50
27,50

21.0
22.0
21.0

6.0

6.0
16,0
2640
36.0
4600
53,0
19,0
19,0
29,0
39.0
45,0
43,0
32.0
19,0
18,0

S.758E=05
S.771E~-05
6.,035F€=05
60296E-05
6.502E-05
6.520E-05
6.,532E=-05
6.553E=05
6,806E=-05
70010E-05
T.021E=05
7.055E=05
7.300E=05
7.,542E=09
7.780E=-05
B.OISE‘OS

439,5
439,8
4464
449.,0
451.9
452.0
452,.1
452,1
452,2
452.4
454,7
456,5
456,.6
456.7
456,9
459,1
461.3
463,4%
465.6

75.0
7540
7540
750
75«0
7540
7540
75.0
7S940
75.0
7540
7540
7Sen
7540
750
75.0
75.0
7Se0
TSen

7.466E-03
Te770E=-03
7.645E=-03
3.579£-03
J.689FE=03
6.,474E~03
9.459E-03
1.258E-02
10579E-02
1.809E~02
7.538£-03
T.665€E=03
1.071E=02
1.387E=02
1.582E=02
105345'02
14199€=02
8,145E-03
T+993E=03

2+455E+02
2+505E+02
2:498E+02
17T17E+02
1.749E+Q2
2+318E+02
2+802E+02
30232E002
3.622E+02
3.878E+02
2¢509E+02
2.535€+02
2¢99TE+02
3.4]12€+02
3¢644E+02
3.597€+02
3.188E+02
2+633E+02
2:614E+02

2.08TE+V4
2.133E+04
201165004
1.392E+04
l1e414E+y4
1,934E+04
2.378E00‘
2.TT0E+04
3.127E+04
2,099E+04
2e116E+04
2+539E+04
2.918E+u4
3.,129E+04
3.078E+04
2.696E+04
2,181E+04
24156E+04



AT THE END ©

CRACK SPACING
CRACK WIDTH

MAX CONCRETE
MAX STEEL STR

CONCTENS.STR
STA- DIS~
TION TANCE
) § 0.0
2 o2
3’ Q“
4 6
s 8
6 o9
7 1.1
8 1.3
9 145
10 1.7
11 1.9
12 2.1
13 23
14 2%
15 246
16 2.8
17 3.0
18 3.2
19 J.%
20 3.6
21 3.8
22 3.9
23 4.1
24 4,3
25 4,5
26 4o
27 449
28 Sel
29 5¢3
30 St
31 Seb
32 S.8
33 e 0
34 6.2
k1] 5%
36 6.6
37 6.8
38 6.9
39 Tl
40 763
41 7.5
42 TeT
43 T.9
44 8.1
45 8.3
46 B4
47 Beb
48 8.8
49 9,0
50 9.2

F THE

ANALYSIS PERIVD

= 3.125E+00 FEET

= 2.643E~02 INCHES
4.884E+02 PSI
= 39284E404 PSI’
4,904E+02 PSI

STRESS=
ESS
ENGTH =

CONCRETE
MOVEMENT

0.
'102105‘0“
-2¢419E«04
«34629E=04
=4 ,B39E=~04
-6.048E‘04
=7 .258E=04
-8 .468E-04
~3.6TTE=04
-l.0B9E=03
-1,210E-03
=1e3326=03
~1e454E=03
=1e576E-03
~1.658E~-03
-l eBZ1E~03
=1+944E=03
«2,06TE-03
«24191E=-03
—2e314E=03

~ZoA3BE=03

«2+563E=03
~£+68TE~-03
-20812E'03
~20937E'03
~3,062E=03
~3.188E=03
=34314E~03
~34440E=03
«3,566E=03
*3;693E-03
-3 ,820E~03
«3¢94TE-Q3
-4 ,075E-03
-4 ,202€-03
-‘0330E‘°3
=4 .458E=03
-4 ,587E-03
-4, T16E=-03
-AQBQSE'°3
~#e9T4E-Q3
-5.10@E‘03
«5,233E~03
«854364E-03
=5 494E~03
=5 ,625E=03
=5 T55E~03
-5 +B8TE=-03
«6,018E=03
~6e150E=03

FRICTION
FORCE

1%

3.629E-03
7 «25RE-03
1.089E~-02
1.452E=02
1.B1SE-Q2
24.177E~02
2.540E-02
2.903E~02
3,268E~02
3,631E~02
3.996E=02
4,361E~02
4.72RE=0Q2
5.09%E=02
S.463E~02
5.832€6-02
6.,202E-02
6.5]2E-02
6.943E~02
T.318E~02
7.688E=02
8,062E~02
B.436E~02
8.R12E=02
9,187E~-02
9.564E=02
G 942E~02
1.032E-01
1.070E~01
1.10RE=-01
lel146E~01
1.184E-01
1.227E~01
1.7261E~01
1.299E=01
1+338E=01
1.376E=01
1.418E=D1
1,453E-01
1.492E=01
1.831E~01
1.570E~01
1.609E-01
1¢648E~01
1.687E=01
1+727€=01
1,766E=01
1.,808E-01
1.845E-01

CONCRETE
STRESS

4.,884E+02
4.,884E+0¢
R.QGQE*OZ
4.,884E+02
44,8B4E+02
4.884E+02
4.8845.608
448B4E+02
4,884E+0¢
4.831E+02
4,T78E+02
4.725E+0¢2
44,672E+0¢
44619E+0¢
4.566E+02
4,513E+92
44860E4+02
4e4QTE+QL
4 ¢354E+02
44301E+02
4.248BE+Q2
4.194£¢0£
44.141E402
400888‘0&
4+035E+0¢
3.582E40¢
30929E002
3.876E+p¢
3.823E402
3.770E+02
3. 717E402
3.664E+02
3.611E4+0¢c
3.558E+02
3505E+02
3.451E+02
3.398E+02
36345E+02
3.292E%402
3.235E+02
3.186E+02
3.133E+02
3.080E+02
3.027E+02
2.974E%02
2.921E40Q2
20868E+02
2.815E+02
2+761E+Q2
2¢708E+ge

STEEL
STRESS

~7.835E+03
-7.835€E+03
=7 .835E+03
-7+835E+03
-7+835E403
«7+4835E+03
-74835E4+03
-7.835E+03
«74834E4+03
-7.392E+03
«f4950E+03
«6+508E+03
=6 +066E+03
-5.62‘.E¢03
~5,182E+03
=4,740E+03
-402935003
=3,855E+03
=3.413E+03
~2«971E+03
- o 529E+03
=2,0B7TE+03
=] +645E403
~1.203E403
~7.608E+02
-3‘18?E¢02
1+234E+02
5 L,655E4+02
1.008E+03
1.450E+03
1892E+03
2¢334E+03
2.7TT6E+03
3.218E+03
3.660E4+03
4+102E403
4¢544E+03
4,986E+03
5;429E‘03
S.87T1E+03
6.313E4+03
64755E+03
701975003
7.639E003
8.081E+013
8¢523E403
8.,965E+03
G.40TE+03
G«B849E+03
100295*0“
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G4

9.6

9.8

Ye9
10.1
10,3
105
10.7
10.9
11.1
11.3
11.4
11.6
11.8
12.0
122
12.%
12.6
1247
12.9
13.1
13.3
13.5
13.7
13.9
lés1
1442
1444
146
14.8
15,0
15.2
15.%
15.6
1547
15,9
16.1
16.3
1645
16.7
16.9
17.1
17.2
17.4
17.6
17.8
18.0
18.2
18.%
18.6
18.7

-6,262E-03
-60414E-03
-6.546E“°3
~6,67T9E=03
«5,812E-03
-6,945FE-03
=T.079E=03
-7.2135"03
«T7+347E=-03
"7.481E-03
-70616E-03
-7.750E=03
=7,886E=-03
=8.021E~03
-8, I5TE=03
-~8,293E=03
~8,429E-03
~84565E~03
~8,702E=-03
«8,839E=03
-8.976E~03
‘90114E'03
«3,251E~03
«3,389E-03
-g. 528E"°3
«9,6646E=03
-F.805E=03
09.944E-°3
~1.008E=02
~1e022E=02
-1.036E-02
=1l+.050E~02
-1.064E‘02
=1,078E=02
=1.093E=02
-1.107E-02
-14121E=02
~1e135E=02
=le149E~02
-1+163E=-02
=1+.178E=-02
=ls192€-02
=1+206E=0¢
-14221E~02
=1.235E~02
=14249E=02
=14264E~02
=1.278E=02
=14293E=02
=1+307E=02
-1.322E=¢2

1.885E=01
1.924E=01
10964E‘01
2+004E=01
2.044E=0]
EQOBAE-OI
2.124E~01
2e164E~Q1]
2.2°4E'01
2e244E=0]
2.285%E~01
2+325E-01
2¢366E~01
2.406E~01
2.44TE=D1
2.488E-01
2+529E~01
2+570E=01
2+611E=01
2.652E~01
24693E=901
20734E-°1
2.TT6E=01
24817E=01
2+85RE=Q1
2.900E-01
2.942E=01
2.983E-901
3.028E=01
3.067E=01
3.1p9E=-01
3.151E=01
3.193E=-01
3.235E~01
3027“E-01
3.320E~01
3.362E=01
3.405E~01
3.44RE~01
3.490E~01
3,533E~01
3,576E~01
3.619E~01
3.662E~01
3. 708E=-01
3.748BE-01
3.791E-01
3.835E-01
3.878E=g1
3.921E~91
3.968%E-p1

20655E*0€
2+602E+02
2¢549E+02
2.496E00£
2%43E+02
2+390E+0<
2¢337TE+Q2
2.284E405
20231E‘02
2177E+92
2+124E402
2¢071E«2
2+018E+0¢2
1.965E+0¢
1.912E+0¢2
1.859E+0¢
1+806E+02
1.753E+02
1+ 7T00E+0<2
1e646E+0¢
1.593E+02
1.540E+02
1+487E+p2
1+634E+02
1.381E+9¢2
1+328E+0¢
1275E+02
1+222E+02
lel69E+p2
1¢115E¢ 02z
1¢062E+0¢
1+009E+02
9.561E+p1
9.030E+01
B8.499E401
7.967TE+g1
Te430E+p]
6.909E+01
6Ge3T4E+0 1
SeB43E+Q4
56¢312E+01
4+7B0E+Q1l
4¢249E+ 91
3.718E+Q)
3.1B7E+01
2+656E+91l
2e124E+01
1593E+g¢
1062E+g])
5¢307E+gy
w6e03TE=3

1.073E+04
1.118E4+04
1.162E404
1.206E+04
1.250E404
1.894E+404
1»339E4+04
103835004
1+427E+04
1e471E+ 04
1¢515E+04
1.560E+04
1.604E4+04
1,648E+04
1'6925404
1+737E+04
1.781E404
1.825E+04
1.869E+04
14913E+04
1+958E+04
24¢002E+04
2+046E+04
2+090E+04
2+134E+04
2+179E+04
2:2238604
2+267TE+ 04
2+311E404
2.355E404
2+400E+04
Z2e444E404
2+.488E+04
2.532E+04
2.57T6E+04
2+.621E+04
2.665E+04
2+:7T09E+04
2+7T53E+04
2.T98E+04
2.842E4+04
2088&E¢04
2¢930E+04
24974E+04
3.019E+04
3.063E+04
3.107E+04
30151E00#
3.195E+04
3.240E4+04
3.2B4E+04



CRCP=2 TESTING
EFFECT OF EXTERNAL LOAD

ZERO EXTERNAL LOAD

AR R LR R a0 22 R R 22232222 22322232

" "
* STEEL PROPERTIES "
" "

(2 Y IR ISR AR AR R R X200 X2 22222 222222 1]

TYPE OF LONBITUDINAL REINFORCEMENT IS
DEFORMED BARS

PERCENT REINFORCEMENT & {,280F+00
BAR DIAMETER 1,000E+00
YIELD STRESS = 6,000E+04
ELASTIC MODULUS s 2,900E+07
THERMAL COEFFICIENT = S,08QFE«06

NARANNAAANAANRANA N R RN NN AN NAANARNARNNANANANNNRANAN AN

" "
" CONCRETE PROPERTIES »
" "

AARRANANAANNRNANANARNAARNANRNARNRANANANAAANNARN AN AN,

SLAB THICKNESS s |,200E+01
THERMAL COEFFICIENY = 5,P00Ew06
TOTAL SHRINKAGE 8 4,000E=04

UNIT WEIGHT CONCRETE® §,50@E+@R2
COMPRESSIVE STRENGTHE 5,800E+023

TENBILE STRENGTH DATA
AARNNARANNANRNNTANNNANNANN

NO TENSILE STRENGTH DATA I8 INPUT BY USER

THE FOLLOWING AGETENSILE STRENGTH RELATIONSHIP
IS USED WHICH IS BASED ON THE RECOMMENDATION

GIVEN BY U,§8, BUREAU OF RECLAMATION

AGE, TENSILE
(DAYS) STRENGTH

2,0
157,9
322,0
398,5
440,6
86,2
540,2
555,6

e £ A -
e ® o e w " oo

SOt

N
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AR R R AR AR AR RN AR R AR AR AN RN R RN RN AR RARR RNy

* *
* SLABBASE FRICTION CHARACTERISTICS "
* F=Y RELATIONSHIP "
" "

RRRRARRRRR AR A RARRRA AR AR A RNRRAAR AR AR N AR AR AR
TYPE OF FRICTION CURVE I8 A STRAIGHT LINE

MAXIMUM FRICTION FORCESm 1,2000
MOVEMENT AT SLIDING . =, 1000

(3 A T Y Y 32222 2AA2 28222222222

" *
" TEMPERATURE DATA .
" »

AARANARR RN AARARN AR AR TR NN AN

CURING TEMPERATURES 75,8

MINIMUM DROP IN
DAY TEMPERATURE TEMPERATURE

b 65,0 18,8
2 5.0 i9,2
3 65,9 18,8
4 65,0 10,0
5 6%,0 18,2
6 5,8 19,0
7 6%,9 16,0
8 45,90 12,0
9 65,9 10,0
19 65,9 10,0
11 65,9 18,8
12 65,0 18,0
13 6%,9 1,8
14 65,0 10,0
15 65,0 10,8
16 65,0 18,0
17 55,8 2@,0
18 58,4 28,0
19 5s,0 20,9
2@ 5%,2 20,0
el 5%.0 FL
22 5.8 20,0
23 5%5,@ 28,8
24 55,9 22,4
25 55,2 20,0
26 55,0 28,8
27 §s5,0 20,0
28 55,2 29,a

MINIMUM TEMPERATURE EXPECTED AFTER
CONCRETE GAINS FULL STRENGTH s 38,0 DEGREES FAHRENHELDY
DAYS BEFORE REACHING MIN, TEMP, ® 98,08 DAYS



RARANRARNRANNARRARARR AR R R AN AANN AN NN R A RA AR AR AN RN RN

" "
" EXTERNAL LOAD *
" "

NRANRARN RN R AR ARN AR NN RN N AR RN NN RN R AN AN R RAA N AR AN

WHEEL LOAD STRESS (PSI)s o,
LOAD APPLIED AT s 28 TH DAY

AARANARANAN RN RNRNRR AN RN RRR N AN RN AR A RRANAR AN NN

" ]
] ITERATION AND TOLERANCE CONTROL ]
] "

(ARSI R R R 2R 22 R R R 22 R 2 d d d 22ty

MAXIMUM ALLOWABLE NUMBER OF ITERATIONSS 3e

RELATIVE CLOSURE TOLERANCEm 1,2 PERCENT

133
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PROB

TIME
(paYS)

050
1,59
2,50
3,50
4,99
5,50
6,50
7,50
8,5¢
9,58

12,50
11,5@
12,50
13,50
14,50
15,50
16,33
16,41
16,42
16,5¢@
17,580
18,50
19,50
20,50
21,59
22,50
23,59
24,50
25,50
26,50
27,50

CRCP=2 TESTING
EFFECT OF EXTERNAL LOAD

ZERO EXTERNAL LOAD

TEMP
DROP

18,8
1¢,@
10,0
10,0
10,0
12,0
16.0
18,0
10,8
10,0
18,0
1a,9
1e,8
10,0
10,0
12,0
10,0
16,7
17,7
20,9
22,0
20,0
20,0
20,0
20,0
20,0
20,0
20,0
20,2
20,0
20,0

DRYING
SHRINKAGE

1,810E.06
5.39“[.06
8,910ge=026
1,236Fg=058
1,576g=05
1,909 =05
2,237~05
2,559c0%
2,876E=05
3, 187E=0%
3.“93E-05
3, 794E =05
4,090E=0S
4,382¢=05
4,668F=05
4,9%1g=25
S,182g=05
5,283E=05
5,207g=0%
5,228E=02%
5.,501E=05
5,771E=~2S
6,035¢=0%
6,296E=025
6,553£=05
6,806g=25
7.088E=05
7,300g=0%
7,5“2[-35
7,780g=0%
8,015¢=05

TENSILE
STRGTH

85,7
206,89
287,3
342,9
381,40
429,6
430,6
445,8
a56. 0
365,9
475,49
484 ,6
493 ,4
502,90
508,8
513,9
518,1
$18,4
518,5
518,9
$23,8
528,6
$33,3
538,0
S41,4
$43,6
54%,8
$48,0
$59,2
552,4
554,5

CRACK
SPACING

4800,0
4800,8
4800,
4800,0
4890,0
4800,0
4800,0
4800,0
4800,
4809,9
4800 ,0
4800,0
4800,
4800,
4800,
4800,0
4800,0
2¢400,0
1200,8
680,80
60,0
600,0
609 ,0
600,90
600,0
6080,0
600,0
320,80
300,08
300,0
300,0

CRACK
WIDTH

2,019E=03
3.121!.03
4,870E003
4,962E=03
5,815€C«03
6,663E«03
7.499E=03
8,319E=03
9,1164Ee03
9,94PE=03
1,079E=@2
1,168E=02
1,259E=02
1,353E=02
1,446E=22
1,537E-02
1,014E=02
2.,578E=02
2,0URE=R2
2,273Ee22
2.,352E=DR2
2,432E=02
2,511E=02
2.59[‘02
e, 066E=D?
2,738E=@2
2,809E=22
2,875E=02
2,121€E=02
2.1b7E.52
2,212E=02

MAXIMUM

CONCREYE STRESS IN
STRESS THE STEEL
6,865E+01 6,460E+03
1,875E+02 1,032E+04
1,422€+02 1,317E+24
1,729E+d¢2 1,553E+04
1,954E+02 1,753E+04
2,17TE+82 1,935€+04
2,377€+82  2,A99E+04
2,558F«02 2,246E+04
2,718E+02 2,376E+04
2,879E+02  2,507E+d4
J,B41E+@2 2.,637E+24
3,204E+02 2,769E+04
3,367E+02 2,982E+04
3,532E+082 3,034E+24
3,685E+082 3,159E+44
3,829E+4R2  3,274E+R4
3,948E+02 3,370€E+24
S,016E+02 4, 346E+04
4,862E+02 4,231E+94
4,682E+02 4,079E+0Q4
4,787E+02 4,163E+04
4,892E+P2 4, 247E+24
4,996E+02 4,330E+04
5.108E+02 4,412E+04
S.193E+02 4,486E+04
S.,275E+02 4,551E+04
5.357€E¢02 4,6185E+04
4,608E+B2 3 ,94QE+0Q4
4,670E+22 3,987E+04
4,731E+02 4,034E404
4,792E+02 4,0BRE+DY



AT THE END OF THME ANALYSIS PERIOD

CRACK SPACING

CRACK WIDTH

8 4,68BE+@8 FEEY

® 3,814Ee@2 INCHES

MAX CONCRETE SYRESS®m S,74dE+@2 P3I

MAX STEEL STRESS

s 3,992p+24 PSI,

CONCL,TENS,STRENGTH B 5, 789E+02 P81}

STAe DIge
TION TANCE
1 0,0
2 3
3 e
a .8
5 1.1
6 1.4
T 1,7
8 2,0
9 2,3
12 2.8
1 2,8
12 3,1
13 3,4
14 3,7
15 3,9
16 4.2
17 4,5
18 4.8
19 s,1
20 5.3
21 5,6
22 5.9
23 8,2
26 6.5
25 6,8
26 7.0
21 1,3
28 7.6
29 71,9
38 5.2
33 8.4
32 8,7
33 9,0
38 9.3
I 9,6
36 9,8
37 10,1
38 10,4
39 ye8.7
40 11,08
41 11,3
42 11,5
43 11,8
4 g2,1
45 12,4
46 12,7
4T 12,9
48 (3,2
49 13.5

CONCRETE
MOVEMENT

a,

=] 399 =0y
w2 79804
ol 196FE=04
o5 ,595E=04
®b994E~B4U
o8 ,393F8«94
-9,7915.00
»1,119E=33
.13259E.93
w],390F03
ol ,539F«03
el ,679F«03
ol ,B18E=23
of ,958E-23
«2,098FE=03%
«2,238Ee23
«2,31768E«23
«2,518E«03
wd,658Fa0%
*2,798FK«0%
wR,937E=03
3 077¢=03
.30217E.83
=3,357E=083
e}, 497803
«3 , 637E=23
3, TT7E«B}
«3,917E«23
«ld 0856Eed}
el 196E=03
ol ,336E=0Y
ol 4T6E=Q3
awll ,616E=23
ey ,T7S56E«DP3
ol ,896E=03
5 036E=0}
«5,175€+03
«5,3{5¢-03
=5 ,U55E=03
»5,595£=03
«3,736Fe03
.5g877z-53
b, H18Ee23
.6.1QBE’03
=6,323F«0%
ob 444E=D3
«b,590F=023
wb TISE~3
op BBCE=DY

FRICTION
FORCE

e,

1,399F«23
2,798F-23
4,196E=23
5.595E=03
6,994E=23
8,393¢=03
9,792E=03
1,119E=82
1.,259¢«02
1,399 =02
1.539!‘52
1,679Fe02
1,818E«02
1,958E~032
2,898Ew02
2,238Ee82
2:.378Ew02
2,518Ew02
2,658Eed?
2,798¢=02
2,937€=02
3,877Em2
3,21 7Ewd?
3,357€=02
3,497E=22
3,637ER2
3.,7717€=222
3.,917E=82
4,857E=082
4,196E=22
4,336E=082
4,4T6E=B2
4,616En82
4,756E=02
4,896CE=02
€. 036802
$,315g=02
5,455Cw82
5,59%E=02
5, 736Em02

5,877E=02

6,018E02
6,160E«02
6,303E02
b,440Eed?
6,590E=02
6,735Ewd?2
6,880E=02

CONCRETE
STRESS

S,748E+22
S.TUOE+E2
S.T4BE+B2
S, TU2E+B2
5,TU0E+B2
S.T48E+02
S.T4AESR2
5,T4BE+02
5,740E+02
5. TURE+B2
5., T40E+22
S . TURE+R2
S.TUBE+D2
S,T4PE+B2
5.,T40E+R2
S,T4RE+02
S,T40E+82
5,740F+02
S,T40E+B2
S.TUPE+B2
S5,74BE+02
S, TuGE+@2
5.739E+22
5,739E+82
Se7T39E+0B?2
S,739E+82
5.739€+02
S,739E+02
5,739E+02
S.739E+02
5,739E+082
5,739E+82
S.739E+082
S.739E+82
S,739E¢22
8. T39E+02
5,739€+82
5.739E+82
5,739E+82
5.T39E+02
5. TOBE+D2
S,613E+22
5,518F402
5,423E402
$.,328E+02
5,233E+82
S.137E+R2
$,042E+02
4,947E+22
4,0852E+02

STEEL
STRESS

=7 ,898E+23
w7 ,898F+23
w? 898E+03
w7 ,898E+03
T ,898E+23
.?,8985*”3
w7 B98E+D3
=7 89BE+O3
«7 898E4+33
o7 ,898E+03
=7 ,898E+23
»7,898E£+03
=7 ,898E+023
-7 ,898E+23
«7,898E+23
=] ,898E+33
o7 ,898E+23
7 ,898E+23
o7 ,898E+233
o7 ,898E+23
e7,898E+233
w7 ,898E+83
«7,898E+03
o7 ,898E+03
©7,898E+33
o7 ,898E+23
»7,898£+03
w?,898E+03%
«7,898E+03
=7 ,898E+23
w7, 898E+0%
7 ,898E+03
w7 ,898E+03
»? ,898E+03%
©7,898E+03
*7,898E+03
w7 ,898E+83
o] B98E+B3
-7 ,898E+33
=7 ,639E+083
»b ,B846E+23
eb,353E+23
=5,261E+23
=4 ,468E+23
o3, 675F+03
«2,883E+23
o2 BIBE+D3
vl ,298E+83
=5,85{E+d2
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14,1

14,9

19,7
20,0

20,5
20,8
21,1
21.4
21,7
21.9
22,2
22,5
23,1
23,3
23,6
23,9
24,2
24,8
24,7
25,0
25.3
25,6
25,9
26,2
26,4
26,7
27,0
27,3
27,6
27,8
28,1

'708268'03
=7, 172E=03
«7,319E=03
w7, 466g=03
*7,61%E=0)
«7,763E=03
«7,913E=03
w8, B62E=03
«8,213€03
o8 ,364F=03
-5.516E023
«8.668E=03
o8,821E=23
“8,974g=03
-9|1265.°3
'9.333!-33
-9.“38!-03
*9,594g=23
e9,751E=d}
«9,908£=03
-10007!-02
-] ,022E-02
«1,038E=22
»1,054E=02
.1,070F=02
=], 086E=0Q
-IQIQZE-OZ
-1.119!-02
=1,135E=02
ol ,151€=02
sl ,167E=02
L3 N 18“!-02
el .200!-02
»1,217E=02
-1.2335.02
=l ,250FeR2
el ,267E=02

' w1,284Ee02

=l ,300E.02
o1 ,317€=02
wl ,334Ee0?
ol ,351F=02
el ,368E=02
»],385E=02
=) ,4D3EmwB2
o] ,420E=D2
e1,437E=02
o] ,4SSE=02
.l,4726002
o] ,490E=02
-1.597!-62

7,026E=02
7, 172E=22
7-31°E-92
7,467E=02
7.,615E=02
7,763E=82
7.913E=02
8,063E=02
8,213E=p2
8,364E=0?
8,516C=02
8,668E082
6.621[‘02
8,974g=02
9,129E=p2
9,283E=02
9,438E=02
9,594E=02
9,751E=02
9,908E=02
1,007€=01
1,022F=01
1,038E=«01
1.050!‘01
1,270€=01
1,086E-21
1,102E=01
1,1192+01
1,135E«01
1,151E=01
1,167CE=01
1,184g=01
1,200€=01
1,21 7E=91
1,233€«01
1,250F=021
i0267!-01
1,284E=01
1,300Ce01
1,317€=0)
1,334C=01
1,351¢=01
!.368!‘0‘
1,386E=01
1,403E=01
1,4208e01
1,437€=01
1,455E=a1
1,472E«01
1,490E=81
1,507E=91

4,7S7€E+02
4,662E+82
4,567E+02
4,471€+22
4,376E+22
4,281E+02
4,186E+82
4,091E+02
3,996E4+02
3,901E+02
3,806E+02
3,710E+B2
3,61S5E+82
3,520€+02
J,425E+02
3,330E+02
3,235E+82
3,140E+02
3,048€+22
€., 949E+»22
2,08%4E+02
2,759€+02
€,004E+0B2
2,569E+82
e, UTUE+B2
2,379E+02
2,283E+82
2,188E+02
2,093€4+02
1,998E+02
1,903E+02
1,808E+02
1,713E+02
1,617E+22
1,522€+02
1,427€+02
1,332E+0@2
1,2378+02
1,142€+02
1,047€+02
9,514E+01
8,5638+01
T.,611E+01¢
6,060E+8}
S,T28E+01)
4,7S7E+01
3,006E+01
2,8854E+01
1,903E+01
9,512E+028
«3,237E22)

2,875E+82
1,080E+23
1,873E+03
2,865E+83
3,458E+03
0.251E¢B3
S,043F¢023
$,836E+01%
6,628FE+23
7.,421€E403
8,214E+0%
9,0Q6E4+8Y
9,799E+0)%
1,059E+84
1.138E+00
1,218E+04
1.297E+04
1,376E+04
1,45SSE+04
1,535€+94
1,614E+0Q4
1,693E+84
1,7726+04
1,852¢+04
1,931E+84
2,012E+04
2,090E+04
C,169E+0Y
2o 2UBE+O4
2,327E+04
2,48TE+24
2,486F+04
2,565E+04
2.044E+DR4
2,T24E¢04
2,803F+04
2,882E+084
2,961E+24
3,041E+04
3.120E000
3,199€+04
3,278E+04
3.358[000
3,437E+04
3.516!’0“
3,595E+24
J,675E+04
3, 7S4E+04
3,833E+084
3,913E+0@4
3, 992€+04



PROB
C-2

CRCP=2 TESTING
EFFECT OF ExXTERNAL LOAD

EXTERNAL LOAD = 18000.0 LR,

SRBDBLBRRENBBRRBRRBRRBRRR BB REDHRBRRROR g RS

° ™
» STEEL PROPERTIES *
° ®

SRHBBHBBBBBRBBDRBHIBERBRBRBBBBRR DRI NB BB R BRI,

TYPE OF LONGITUDINAL REINFORCEMENT 1S5
DEFORMED BARS

PERCENT RETIMFORCEMENT = 1.200E+09
BAR NIAMETER = 14000E+00
YIELD STRESS = 64000E+04
ELASTIC MODULUS = 2.900E+07
THERMAL COEFFICIENT = 5.000E-06

BRRARER RSB RRBRRRHRRRRRRBBOBRRRRRBRER RN BRIy

® %
) CONCRETE PROPERTIFS bl
L] *

Y2222 LTSRS Y R RS 2R LR L AL L 2 Y )

SLAB THICKNESS = 1.,200E+01
THERMAL COEFFICIENT = 5.,000E=-06
TOTAL SHRINKAGE = 4.000F=-04

UMIT WEIGHT CONCRETE= 1,500€+02
COMPRESSIVE STRENGTH= S,000€E+03

TENSILE STRENGTH DATA
HORBERBRHRRRBRB BB B

NO TENSILE STRENGTH DATA IS YNPUT By USER

THE FOLLOWING AGE-TENSTLE STRENGTH RELATIONSHIP
IS USED WHICH 1S BASED ON THE RECOMMENDATION

GIVEN BRY U.Se BUREAU OF RECLAMATION

AGEs TENSILE
(DAYS) STRENGTH

0.0 0.0
1.0 15749
3.0 322.0
50 398.5
Te0 44046
14,0 506.2
21,0 54042

28,0 55546
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LA A A2 LIS Al YL Y LYY RRLRERY N X Ry

*
&

-]

SLAR=-RASE FRICTION CHARACTERISTICS &

F=Y RELATIONSHTP

L4
*

GGGGGG&GGG§GGG#QGGGGGGG'GGGGGGGGG§GGG##G.Q¢§G¢§G

TYPE OF FRICTION CURVE IS A STRAIGHT LINE

MAXIMUM FRICTION FORCE=
MOVEMENT AT SLIDING =

ITYRI Y RTRR TR YT XY XY PR TR Eeeey

L]
L
L]

&

TEMPERATURE DATA a

22222 Y Y Y Y R Y IR Y F Y Y YR Y ¥

DAY

20

AR IR PP RS I g
O D NPIPNL WN=O ORNRINPL W

CURING TEMPERATURE= 75,0

MINIMUM
TEMPERATURE

65.0
6540
65,0
65.0
65,0
65.0
550
650
fS.0
65.0
6540
65.0
65.0
65.0
6£5.0
50
6§5.0
55.0
55.0
s5.0
55.0
55.0
55.0
55,0
55,0
55,0
5540
55.0

MINTMUM TEMPERATURE EXPECTED AFTER

PROP 1IN
TEMPERATURE

10.0
10.0
10,0
10.0
10,0
10,0
10.0
10,0
100
10.0
10.0
10.0
10,0
10.0
10.0
10.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20,0
20.0
20.0
2040

CONCRETE GAINS FULL STRENGTH

DAYS BEFORE REACHING MIN, TEMP,

1.,0000
-«¢1000

= 30.0 DFEGREES FAHRENHETT
‘= 90.0 DAYS



(X2 IR R LA 2R s s s s x sy L el X 2 Xy

® ®
® EXTERNAL LOAD #
® ®

(XXX EXIT LR A2 R Rl A e R Xl e L L Y2y

WHEEL LOAD (LBS) = 1.800E+04
WHEEL BASE RADIUS (IN) = 6,500E+00
SUBGRADE MODULUS (PS1) = 1e500E+02
CONCRETE MODULUS (PSI) = 4,28T7E+16
LOAD ApPLIED AT = 7 TH DAY
CALC,LnAD STRESS (PSI) = 1,760g+02

BERR R AR RRR R R R R BRI BR BB B RRRRRRRR BB RRRER R B S

* +*
® ITERATION AND TOLERANCE CONTROL #
’ ’

BRBRBRBRRRGR BB RBRRRRDRBRBRER BB RRBRR Ry RBR B

MAXIMUM ALLOWABLE NUMRER OF ITERATIONS= 30

RELATIVE CLOSURE TOLERANCE= 10 PERCENT
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TIME
(DAYS)

50
150
2450
3450
4450
S50
650
T+50
8.50
9.50

1950
1150
1250
13¢50
14.50
15,50
16433
1634
16438
16+50
17.50
18,50
19-50
28450
2150
272450
23.50
2450
2550
2650
2750

CRCP=? TESTING
EFFECT OF EXTERNAL LOAD

EXTERNAL LOAD = 18000.0 LB,

TEMP
DROP

10.0
10+0
1040
100
100
100
1040
10.0
1040
10,0
100
10.0
100
100
10.0
10.0
10,0
10.6
146
200
2040
20.0
20.0
20.0
2040
20.0
20.0
2040
200
200
20.0

DRYING
SHRINKAGE
1+B14E~06

S¢394FE=06
Be9)0E~06

14236€£-05

1¢576E~05
1+909E=05
2e237E~05
2+559€=05
2.876E'05

301875‘05

3.493F~n5
3+TG4E=05
4+090E~05
4+3R82€~05
6.6685'05
4.951E=05
S.182E=-95
S¢184E~05
501955‘05
5.228E-05
50501[‘05
5.771£-05
64035E~05
64296E=05
6455305
6+806€-05
T.085E~05
7+.300£=05
7542E~05
7+7B0E=05
8.015€=05

TENSILE
STRGTH

BS.7
20640
2873
36249
381.0
4096
430+6
445,.8
456.0
465,.,9
475.4
484.6
4934
50240
508.8
513.9
S18.1
S518.1
518.3
5189
523.8
52846
6333
53840
S41.4
54346
545.8
54840
5502
552+4
55445

CRACK
SPACING

48000
48000
480040
48000
48000
480040
48000
4800.0
4800.0
2400,0
1200.0
120040
6000
600+0
60040
600,0
600,0
300.0
15040
1500
15040
150,0
150.0
150490
7540
75.0
7S5.0
T75.0
750
TS0
TS0

CRACK
WIDTH

?oOlQE-O3
3¢121E"p3
4e070E=03
42962E-03
SeR1%E~Q3
6+663E=03
T+499E=93
30319E'93
9+114E=03
B84970E~03
9e261E~p3
1«001E=02
Ge280E*p3
Ge9)0E~03
1.053E=02
1.113E=02
1+163E-02
944STE~(03
Be630E=-03
1¢133E~¢2
1e1685E~02
1.196E=02
1e226E=02
1e257E=02
Te938E=03
80097E’ﬂ3
ﬂ0254E'03
Be4l10E=03
Ae563E"03
3-7155’Q3
BeB6SE=(DI

MAX IMUM

CONCRETE STRESS IN

STRESS THE STEEL
6+065E+01 6,460E+03
1.075E+02 1.032E+04
14622E+02 1.317E404
10709E‘ﬁ2 1.553E+04
1.984E+02 1. 7S3E+04
P20 1TTE+0?2 1+935F+04
2¢3TTE« 02 2¢099E*04
44,31RE+02 2.246E%04
bebTBESD? 2.376FE+04
4,5T4E+02 2. 463F+04
4,60TE+02 2.489E+n4
44TS50E+ 02 2.606F*04a
4¢666E+02 2+521E%04
4¢791E+0? 24622E* 04
4,907E+02 2.7T15E+04
50013E002 2.301?‘04
€,102E+02 2.873F+04
40771E¢02 2.5T6E* 04
4.63RE+02 2e454E+04
S+ 05RE+ Q2 2¢835FE+n4
S.121E402 2.882E+04
5.183E402 2,928E+04
5,244E+02 2.974E+04
5.3055002 '30019E‘0‘
4 ,587E+02 2+362E+04
4.622E+02 2.385E+04
4465TE+02 2e409E+04
44691E+02 2+431E+04
4+725E+02 2e8454E+n4
4eTSBE*02 244T6E*QS
4,791E+92 2.49BE*04



AT THE END OF THE ANALYSIS PERIOD

CRACK SPACING

CRACK WIDTH

® 240026400 FEET

® 1,393E=-02

MAX CONCRETE STRESS= $,823E+02 PS!

MAX STEEL STRESS

® 2,345E+04 PSTe

CONC.TENS,STRENGTH = 5,789F+02 PSI

DIS~
TANCE

o8

—
QOU® N N>WN =
.
o

— s s st
o wnN -
DYEOVEGVEOVE S o S i
® & o © o o © o & o © o
S WNOOVDO~NTPWN~O

N
W
N NN
o o @
oo

.
0

W

[ -
AONANNAUNES PPl PrrPluRWRWWWWWWN
VOO ANPLPWNOO VDN PLPWN~OBD®NOARSILN~O

CONCRETE
MOVEMENT

0.
=6 42TE=0S
-1.287E-04
-lg931E'04
=2.577E=04
<3.225€-04
‘3,873E'°‘
-‘QSZZE-O‘
=5.172E=-04
=5,824E=04
~6.4T6E=04
=7.130E=-04
-7.785E=04
=8.440E-04
=9.097E~04
-997555-0‘
'1:0‘15-03
-1.107€-03
=1.174E-03
<1.240E=03
-1.306E=03
=1¢373E=03
=1+439E-03
=1+506E-03
=1+573E-03
~1.639E-03
=1+706E=03
'12773E‘03
=1.841E=03
=1.908E-03
<1,975E=03
-2.043E-03
=2+111E=03
«2.178E=03
-2,246E=03
=2¢314E-03
=2.,382E-03
=2 .450E=03
=2.519E=-03
=2.587E=03
=2+656E=03
=2.T24E=03
-2.793E-03
-2;862E-°3
=2.931€-03
=3+000E-03
~3.069E-03
=-3¢13BE=03
=3.208E-03
=3,277E-03

FRICTION
FORCE

0.

60‘27!'0‘
1.287E=03
10931E'°3
2.577E=03
30225E'03
3.873E-03
‘.SZZE-QJ
5.172E=03
5.82‘E'°3
6,‘16E-03
7+130E=-03
7.785E-93
8+440E-03
9.097E-o3
9+75%€E=03
loO‘lE-OZ
1.107E=-02
1.174E=02
1.240E=02
1.306E-02
1¢373E=02
1439E=-02
1506E=02
1573E=02
1.639€=92
10706E'02
1077‘E'02
1.841E=-02
1.908€E=02
1.975E=02
2+043E=02
2¢111E=02
2+178E=92
2e246E=?2

2e314E=02

243B2E=-02
2.450E=02
2+519E=902
2+587E=02
2.656E-02
2072‘E‘°2
2.793E-02
2.862E-02
2.931E-°2
3.000E=02
3.069€-02
3.138E=-02
3.,208E-02
30277E‘02

INCHES

CONCRETE
STRESS

4.062E+02
40022E*02
3¢981E+qg2
3.941E+¢2
3.900E092
3.859E+02
30819E0°2
3.778E+02
3.737€E+92
3.697E+92
3.656E+02
3.616E+02
3¢875E+(2
3¢534E+(2
3¢494E+02
3¢453E+¢2
3¢412E+p2
3.372E‘h2
3¢331E+02
3¢291E+p2
3.250E+02
3209E+ 02
3¢169E+02
3+128E*n2
3¢.087E*02
3¢047E*02
3¢006E+n2
2966E+(2
2¢925E+n2
2.88‘E’02
2e844E+qg2
2803E+02
2¢762E+02
2e722E+02
2¢681E+02
20641E+02
2.600E002
2559E+02
2+519E+02
2¢4T8BE+0n2
2e43TE+2
2¢39TE+p2
2¢356E+02
20316E*02
2+275E+02
2234F+pn2
Zolg‘E’OZ
2¢153E+¢2
2.112E002
2.0T2E+qp2

STEEL
STRESS

«1,040E+04
=1.006E*04
=9,723t+403
-9,38S5E+03
-9,046E403
-8,708E+403
-8,369E+03
«8,031E+403
«7.692t+03
-7.,354E403
«7.,015E+03
«6,6TTE+03
-6,338E+03
=6.000E*03
=5,661t+03
-5,323E+03
-4,984E+03
-4 ,646E403
-4,307E+03
=3,969E+03
«3,630E+03
=3,292t*03
=2¢953L*03
=2.615E%03
=2.276E*03
-1,938L¢03
-1,599t+03
-1,261t+03
«9,222L+02
=5,837E+02
=2.,452E¢02
9,334E+01
4,318L+02
7.704t402
1.109t+03
1.44TE+03
1.786E+03
2.124E4+03
2.463E+03
2.801E+03
3,140t+03
3,478E+03
3,817E+03
4,155t+03
4,494t 403
4.832E+013
5.,171t+03
5.509E%03
5,848E+03
6.,186E+03
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-
o
*

(¥,

=3,347E=03
=3.416E=03
=3.486E=03
=3.556F=03
=3.626E=03
-3,696E=-03
=3.766E-03
=3.837€-903
=3+907€-03
=3.978E=03
'40049E'03
~4,119E=-03
-4,190E=03
-4,261E=03
-4,332€E-03
-4 ,404E=03
-44475E-03
«4.,546E=-03
-4,618E=03
-44,690E=03
=4,761E=-03
=-4,833E-03
«4,905E=03
«4,977E=03
=5+049€=03
-5.122E-03
=5¢194E=03
-5,267E=03
«5,339E=03
-504125-03
«5,485FE=03
=5.558E=03
=5.631E-03
~5.704E=03
«5.7T7TE=03
=5.85)1F=03
=5.924F=03
«5.998E=-03
=64072E-03
-6.145€E=03
=6+219€-03
-64293F=03
=6+368F=03
-6e442F=03
-6¢516E=03
=6+4591F=03
=6+665E=03
-6eT40FE=03
~6.815€=-03
-6.890FE=03
-6+.965E-03

3.347E-02
3.416E=02
3+486E=02
3.556E=-02
3.626E'02
30696E'02
3.767E'QZ
3¢837€E=02
3.907E=-02
3.978€=92

4,049F=02"

4,119E=-02
44190E-02
4,261E=p2
44332E=02
44,404E-02
40475E=02
4.546E=02
4.618E=-02
4.690E-02
4.761E'02
44833E=-02
4+905F=02
4.977E'02
50049E‘02
Se122E=02
Se194F=02
Se267E=-02
503395'02
50412E‘02
Se485E=-02
S«5SBE=02
506315‘02
50704E'02
5.777E-02
Se851E=02
5.924E=02
$.998E=(2
6+072E=02
6.145E=-02
6.219E‘02
6.293F'02
6+368E=-02
6.442E‘02
6¢516E=02
6¢591E~02
6+665E=n2
6¢T740FE=02
6.815€=02
6+890F=0n2
6.965E'02

2¢031E+n2
1¢991E+p2
1¢950E+q02
1909E+02
1+.869E+n2
10828E‘02
10787E‘02
1e74TE+n2
1¢706E+¢2
10666E002
1.625E+n2
1.584FE+n2
loS“EOOZ
1.503E+02
1¢462E+0n2
1¢422E+0n2
1.381E+n2
1e341E+p2
1¢300E+n2
1+259E+02
1219E+p2
10178E002
101375092
1.097E+02
1.056E+p2
1.016E+n2
9¢750E+91
9.344E+n)
8¢93TE+p1]
80531E‘Ol
8+125E+n1
Te719€E+n)
Te312E+01
6.906E+01
6.500F+0])
60094E*ﬂ]
Se68TE+n]
Se2B8lE+n1]
4+875E+0]
4¢469E+0)
4.062E+01
3.656E+01
3¢250E+01
2+:844E+0)
2¢437€E+91
2°031E+01l
1¢625€E+01
1.219E+1
BOIZSE‘OO
46e062E+00
Oe

6,525E+03
6.864E+03
7.202E+03
Te541L+03
T.879E+03
8.218E+03
8,556t+03
B.895t+03
9,233E+03
9,572t+03
9,910t+03
1.,025t+04
1,089L+04
1,093E+04
1,126t+04
1,160t+04
1,194t +04
1.,228t+04
1,262E+04
1.,296E+n4
1.,330t+04
1.363t+04
1,397t+n4
1.431k+04
1,465E+04
1.,499E+04
1.533t+04
1.566t+04
1,600t+04
1.634E+04
1,668t+04
1.702E+04
1.736L+04
1,770k+04
1,803t+04
1,837E+94
1,871t+04
1.905E+04
1.939t+04
1,973t+04
2,007t +04
2.040E+04
2.074E 404
2.10BE*04
2.142E%04
2.176E%*04
2.210E%04
2¢243E*0%
2.2T7Tt*n4
2.311k+04
2.345E+04



APPENDIX 3

INPUT VARTABLES FOR SOLUTIONS IN
CHAPTER 2 AND CHAPTER 3
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CRCP-2 TESTING
EXTERNAL LOAD VSe STL STRESSs CK SPCING, (K WIDTH

1A EXTERNAL LOAD = 0.0 Ln,
1 1,0 0.5  60000.0290U0000.5  .000005 "G
1o, .00006S L6004 155,53 6000,0 1. 1
5. 28 40, 90.
65, 65, 65, 65, 65, b5, 65, 65, 65, 65  Sp, sp, S0, S4. 50. S0,
S¢. S0. S0. 50, 5S0. 50, S0, 50, 56, Sg, Sv. S¢,
23.0 0-0 605 150000 0-00
1, 1
1.0 -1
2A EXTERNAL LOAD = 59.7 1B.
1 1,0 0.5 60000.029000000.n .000045 040
lo. .000005 <0004 157,4 6000.0 1. 1
75, 28 49, Sy

65. 65, 65. 65, 65, 65, 65, 65, 69, 65, S;, 6§, 50, =4, 50. =0.
50, S50 S0 50- 50, SO. S50 50. S, 50: 50 50.

28.0 0.0 605 15"000 5().(\
1. 1
1.0 "ol
3a EXTERNAL LOAD = 185, | R,
1 1,0 0,5 60000:0290V0009.4 .0000FS n.nn
IO. 0000005 QGGO" lS'i.f‘ 6000.0 1‘ 1

75. 28 4n, 90. ‘ . .
68, 65, 65. 65, 65, 65, 65, 65, 65, 65, S5, 50, S50. 54, 50. S,
50 S0 S0 500 Sire Sn, 50 « 50. Sq. Sg, 55 BN .

28.0 0.0 6.5 150.0" 153,
1. 1
1.0 .1
4A EXTERNAL LOAD = 220,0 LB, ) .
1 1,0 0.5 60000:029090000+.a0 .000005 " a00
1g. 000005 «00U% 150.4 6000.0 1o 1
TSe 28 40. 900

6. 65, 65, 65, 65. 65, 65. 65. 65. 65, S5p. Sp. 50. Sa. 50. 0.
SO She S50 50. She 59. 506 Su: 5?0 Sg. Sﬂo S0
28.0 0.0 6.5 150+ 00 2eu0.,
l. 1
1.0 -1
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SV
59.

50.
50.

50.
56.

50.
50.

1,

50.
50.

Re
6000040290U0000, 4
.0004 15040
90.

50, 50, 50. 59, 50,

EXTERNAL LOAD = 0.0 L
0.5 2e6
lo. .000005
75. 28 4y,
Sn. 50. 50. 5o,
So. 50. 509 50, 50‘0
28.0 0.0 6,5
1
1.0 -.1
EXTERNAL LOAD = 50.p
0,5 0,6
lo. 000005
75. 28 S 4o,
50. 50. 50. 5¢. 50,
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CRCP=-2 TESTING
EXTERNAL VSe PERCENTAGE STEEL
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CRCP=2 TESTING

EFFECT OF EXTERNAL (0aD AND SLAB THICKNFSS
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CRCP-2 TESTING
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