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PREFACE 

This is the ninth report in the series of reports that describes the 
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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. 
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supervising committee, who reviewed this report. Special thanks to Mrs. 
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ABSTRACT 

CRCP-2 is an extension and revision of the CRCP-l 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-l 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-l 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-l as new 

design variables for when the combined effect of the bending stress under 

wheel load and the in-plane stress under environmental 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 wa.s substantially reduced, 

and errors at high-level studies were eliminated. 

The revision of the CRCP-l 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-l program, CRCP-2 program, development lengt~ steel stress. model 
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SUMMARY 

The CRCP-I 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-I 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 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-I method. 
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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-I 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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NOMENCLAWRE 

Symbol Units Definition 

a inch Radius of the tire contact area 

Ac in 2 Area of concrete 

As in 
2 Area of steel 

b in Development length 

D in Slab thickness 

Ec psi Modulus of elasticity of concrete 

Es psi Modulus of elasticity of steel 

F lbs Concrete force between cracks cm 

F. 
1 

lb/in 2 Friction force for a dx element 

F lbs Steel force at the crack sc 

F lbs Steel force between cracks sm 

f' psi 
cx Compressive strength of concrete at x days 

f 28th day 
psi Compressive strength of concrete at 28th day 

f' 
tx 

psi Tensile strength of concrete at x days 

k Ib/in2/in Modulus of subgrade 

9.- in Radius of relative stiffness 

L in Half the slab length 

p percent Percentage steel 

P Ibs Applied wheel load 

2 
]1 Ib/in Nominal bond stress 

U lb/in Bond force per unit length 
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Symbol 

x 

Z 

Ct c 

Ct s 

y 

tJ.T 

tJ.X 

f/J 
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ECllt 

E sz 

E Silt 

E 
0 

0 cm 

0 cz 
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0 
sc 

0 sm 

0 sz 

0 silt 

II 

Units 

days 

in/in 

in/injOF 

in/injOF 

in 

of 

in 

in 

in/in 

in/in 

in/in 

in/in 

in 

psi 

psi 

psi 

psi 

psi 

psi 

psi 

psi 

Definition 

Number of days in between from the time when 
pavement was built to the time when minimum 
temperature was reached 

Total shrinkage strain 

Thermal coefficient of concrete 

Thermal coefficient of steel 

Movement of concrete slab 

Change in temperature 

Crack width 

Steel bar diameter 

Shrinkage strain of concrete due to restraint 
of steel 

Concrete strain due to temperature drop 

Shrinkage strain of steel due to contraction 
of concrete 

Steel strain due to temperature drop 

Steel bar perimeter 

Concrete stress between the cracks 

Shrinkage stress of concrete 

Concrete stress due to temperature drop 

Interior wheel-load stress 

Steel stress at the crack 

Steel stress between the crack 

Shrinkage stress of steel 

Steel stress due to temperature drop 

Poissons ratio 



CHAPTER L. 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 analy.sis 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). 
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In that model, CRCP-l, 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. In 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 eariier 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-l 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-l 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-l 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-l program. 

3 

(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. Th~s 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-l 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-l, which is designated as CRCP-2. 

SCOPE OF THE STUDY 

This study expands and modifies computer solution CRCP-l. The addition 

of new equations to acheive the objectives resulted in the addition of 

several new variables to the CRCP-l design method. The variables used in the 

CRCP-l 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 ~n the 

design method. Chapter 2 discusses the theoretical model used in CRCP-l 

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 
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TABLE 1.1. DESIGN VARIABLES USED IN CRCP-l PROGRAM 

Symbol 

e'PYER 

p 

o 
fy 

E 
s 

a 
s 

BHIGH 

D 

a 
c 

Z 

UNWT 

FPC 

F(I), Y(I) 

CURT 

TD 

DTMAX 

MAXITE 

TOL 

Definition 

Types of reinforcement either 
deformed bar or deformed wire 
fabric 

Percent reinforcement 

Bar diameter 

Steel yield stress 

Steel r..1odulus 

Thermal coefficient for steel 

Transverse wire spacing 

S lab thickness 

Thermal coefficient for 
concrete 

Drying shrinkage strain 

Unit weight of concrete 

28th day compressive strength 

Friction-movement relation
ship between the slab and 
the subbase 

Curing temperature 

Minimum daily temperature 

Minimum temperature expected 
after concrete gain full 
strength 

Maximum number of interactions 

Relative closure tolerance 

Units 

percent 

inches 

Ib/in2 

lb/in2 

in/in;oF 

inches 

inches 

in/in 

Ib/in3 

lb/tn2 

lb/in2 , in 

percent 



TABLE 1.2. ADDITIONAL VARIABLES IN CRCP-2 PROGRAM 

Symbol 

WHLSTR 

WHLOAD 

WHBASE 

SOILK 

TMLOD 

COLDTM 

COLDSTN 

Definition 

Wheel load stress 

Wheel load 

Wheel base radius 

Modulus of sub grade 

Number of days after concrete 
is set before wheel load is 
applied 

Number of days after concrete 
is set before minimum temper
ature occurs 

Concrete strength at the time 
when minimum temperature 
occurs 

Units 

lb/in2 

lb 

inches 

lb/in2/in 

days 

days 

psi 

5 
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strength model in CRCP-l 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 whiuh 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-l 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-l 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) In the fully bonded sections of the concrete slab, there is 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. 

7 
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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-l can be summarized briefly 

in the following paragraphs ••• 

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-l 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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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, Y
l

• 

(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, F2 , into the basic 

equations and solve for movement, Y2 . 

(5) Reenter Y2 into the F-M curve and solve for F3 . 

(6) Use F4 , the average of F2 and F
3

, to solve for Y4c 
with the basic equations and Y4e by using the F-M curve. 

(7) If Y4c is greater than Y4e , FS will be equal to 

(F2 + F
4
)/2 , and if Y4c is smaller than Y4e , F5 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. 



(y I ' F
2

) 

--

F- force 

Upper Boundary 

/ 
/ 

/ 
/ 

/ 
F2 + F4 / 

F5 = / 
2 / 

/ 
/ 

", 

------

w = Closure Point 

Lower Boundar y 

Fig 2.5. Binary search technique as applied to frictional 
resistance-movement curve (Ref 5). 

13 

/ 
(Y2 I F

2
) 

y- movement 



14 

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 

where 

a
EXT 

combined external and internal stresses, 

tensile stress caused by drying shrinkage and temperature 
drop, and 

tensile stress at the bottom fibre of the slab under 
wheel load. 

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

concrete. After new cracks have developed, 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 avai,lable 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. In 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 
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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 sections. 

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 

where 

E = modulus of elasticity c of the concrete slab (lb/in2), 

D thickness of the slab (inches), 

~ = Poissons ratio, and 

k = modulus of subgrade reaction (lb/in2 /in); 

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

3 
= 0.3162 P

2 
[lmglO(D ) - 4 10glO a - 10glO k + 6.478] 

D 
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where 

a = radius of the tire contact area (inches) and 

P = 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 

and 

b =yIi.6a2 + D2 - 0.675D 

for a < 1.724D 

b = a 

for a > 1.724D 

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

cr, 
~ 

= 

Discrete Element 

P 
0.3162 :z [loglO 

D 
3 ~ 2 2 (D ) - 4 loglO ( 1.6a + D - 0.675D) 

- loglOk + 6.478] 

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 ). This method was based on the biharmonic equation 

(Ref 12), which states that the fourth order differential of deflection times 
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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 tensile 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. In 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 variables 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 

1A 2A 3A 4A 1B 
Steel Propertieo 

P (percent) 1.0 

¢ (in) 0.5 

fy x 104 (psi) 6.0 

E x 10
7 

(psi) 2.9 
s -6 .. 

a c x 10 (in/in/ F) 5.0 

Concrete Properties 

D (in) 10.0 
-6 0 5.0 a x 10 (in/in/ F) 

c -4 
4.0 Z x 10 (in/in) 

2 
Y x 10 (pcf) 1.5 

• 3 
fc x 10 (poi) 6.0 

Tempera ture Da ta 

Curing Temp ~F) 75.0° 

Minimum lot - 10th 65.0° 

Daily 11th - 16th ° 50.0 

Temp (oF) 17th - 28th 50.0° 
Minimum Temp (oF) ° 40.0 

COLDTM (Days) 90.0 

Friction 

Fi (poi) 1.0 

Y (in) -0.1 

External Load 

Wheel Load x 103 (lbs) II * * * * 
Wheel Load Stress (psi) 0 50 150 200 0 

Time Applied (Days) 28 28 28 28 

* Option of inputting stress due to wheel load used. 

1 ineh 
1 psi 
1 pef 
1°F = 

= 
2.54 em 2 

.070454 kg/em 3 

.00001605 kg/em 
(9/5) X °c + 32° 

28 38 48 58 68 

0.5 

0.6 

6.0 

2.9 

5.0 

10.0 

5.0 

4.0 

1.5 

6.0 

75.0° 
° 50.0 

50.0° 

50.0° 

40.0· 

90.0 

1.0 

-0.1 

* * * * * 
50 100 150 200 250 

28 28 28 28 28 

-------- ------Problem Series 
1C 2C 3C 4C 5C 6C 7C 8C 1D 2D 3D 4D 1E 2E 3E' 

0.5 0.7 0.9 1.2 0.5 0.7 0.9 1.2 0.7 1.0 

0.6 0.6 0.5 

6.0 6.0 6.0 

2.9 2.9 2.9 

5.0 5.0 5.0 

10.0 6.0 8.0 10.0 12.0 10.0 

5.0 5.0 5.0 

4.0 4.0 4.0 

1.5 1.5 1.5 

6.0 5.0 6.0 

° 75.0 ° 70.0 ° 75.0 

50.0° 65.0° 65.0° 

50.0° 65.0° ° 65.0 

50.0° ° 55.0 ° 65.0 

40.0° 30.0° 40.0° 

90.0° 90.0 90.0 

1.0 1.0 1.0 

-0.1 -0.1 -0.1 

0 0 0 0 * * * * 9.0 9.0 9.0 9.0 * * * 
0 0 0 0 100 100 100 100 287.6 179.2 121.9 88.01 200 200 200 

28 28 28 28 28 28 28 28 28 28 28 28 7 15 28 

N 
~ 
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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 eRe 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 eRe pavement eventually stabilized 

with. If, for instance, before any external load is applied the internal 

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 tensile 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 bef,ore, 

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 (409l-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 achieve 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) Increase in steel percentage will reduce crack width, 
crack spacing, and steel stress with or without wheel
load stress. 

(3J 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 

as 

The rate at which concrete gains strength depends on many factors, such 

(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-l is 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-l 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.lb 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 

f' 
c = x 

ftc [1+0.197210g(2~)JpSi 
28th day 

tensile strength, fIt 

f' 

where 

t x 
3000 

-3~+~1~20~0~0~.- X constant psi 

f' 
cx 

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

(3.1) 

(3.2) 

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. 

IF 2F 3F 4F SF 

Steel Properties 

P (percent) 

ct> (in) 

fy x 104 (psi) 

E x 107 (psi) 
s 

a x 10-6 (in/in/oF) 
c 

Concrete Properties 

D (in) 

a x 10-6 (in/in/oF) 
c 

Z x 10-4 (in/in) 
2 y x 10 (pet) 

, 3 
fc x 10 (psi) 

Temperature Data 

Curing Temp (OF) 

Minimum 

Daily 

Temp (OF) 

1st - 10th 

11th - 16th 

17th - 28th 

Minimum Temp (OF) 

COLDTM (Days) 

Friction 

Fi (psi) 

Y (in) 

External Load 

Wheel Load x 103 (lbs) 

Wheel Load Stress (psi) 

Time Applied (Days) 

28.0 60.0 

0.5 

0.6 

6.0 

2.9 

5.0 

10.0 

5.0 

4.0 

1.5 

6.0 

75.0° 

65.0° 

65.0° 

50.0° 

0.0° 

90.0 120 

2.0 

-0.1 

o 
o 
7 

150 
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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 

39 

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-l and the theoretical 

models are not applicable. To cover such conditions, a new set of equations 

has been developed and added to the CRCP-l 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, E ,and the strain cz 
in steel caused by the shortening of the concrete due to shrinkage, Esz' or 

Z = E + E cz sz 

41 
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Replacing the above equation with stress and using a negative value to 
represent compression results i~ 

or 

where 

Z 

0' cz = 

0' cz 
E c 

+ 

ZE + 
c 

0' sz 
n 

0' = steel stress due to sz bonded section, 

0' = concrete stress due cz bonded section, and 

E n == slE 
c 

Stress Caused by TemEerature DroE· 

E - E = E + € 
c s CAt s~t 

where 

(4.1) 

shrinkage of concrete at fully 

to restraint of steel at fully 

From Fig 4.3. 

E = 
C 

E = 
S 

concrete strain due to temperature drop with no restraint, 

steel strain due to temperature drop with no restraint, 

E. 
sAt = 

e = 
C4t 

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 

ex !::.T + ex !::.T 
c s = 

O'cAt 0' At .. + ( __ 8_ .. _ ) 

Ec Es 

or 
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Fig 4.3. Behavior of a reinforced slab subjected to temperature drop. 
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where 

°S4t o = E tJ.-T (a - a ) +--
CAt c c s n (4.2) 

o 0 
c~t' s~t = stresses due to temperature drop at fully bonded 

section, and 

a ,a = thermal coefficients of steel and concrete. 
s c 

Combining stress due to drying shrinkage and temperature drop. Combining 

Eqs 4.1 and 4.2, 

where 

0=0 + 0 cm CZ CAt 

a 0 
= (ZE +~) + {E tJ.T(a - a ) + s~tJ 

c n c c s n 

o z E {Z + tJ.T(a - a )} + l (0 ) 
em c c s n sm 

o = cm 

o = sm 

total concrete stress due to temperature drop and 
drying shrinkage at fully bonded region, and 

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 

x 
F "" F = F + f F. dx sm cm sc 0 1 

where 

F force of steel at mid~slab, 
sm 

F = force of concrete at mid-slab, 
em 

(4.3) 



force of steel at the crack, and 

friction force between slab and support. 

Converting the above equation into stresses 

d 
x A(J + A(J = A + l Fidx s sm 

where 

and, for a one..,foot 

where 

gives 

Movement of the Slab 

c cm s sc 

x 
(J 6 Fidx 

(J = (J + cm 
sc sm A A s s 

A c 

A = area of steel and s 
A = area of concrete, c 

strip, 

, 
A == 

c D X I = D 

As = pA = pD c 

P percent reinforcement and 

(J 
sc 

D == thickness of the slab 

== 
(J 

(J + cm_ 
sm p 
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(4.4) 

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 

where 

dY 
cz 

dx 
= e: - Z cz 

= E - ex.6.T 
C6t c 

Y = slab movement caused by shrinkage and 
cz 

Y = slab movement caused by temperature drop. CllT 

The total movement of the slab, Y ,will be 
c 

where 

Crack Width 

L L 
Yc = 6 e:czdx + 6 e:Cllt - (Z + exc.6.T)L 

L 
z f e: dx - (Z + a .6.T)L 

o c c 

e: = total strain of concrete and c 
L = slab length. 

(4.5) 

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

sides of the crack: 

fix = 2 Y 
c 
L 

= 2 f e: dx .... 2(Z + ex .6.T)L 
0 c c 

where 

fix = 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 a rate 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 

where 

£ 

U = ll£ o 

II = 
9.5~ ~ 800 Ib/in

2 

0 
= perimeter of steel bar, 

0 

~ = bar diameter. 

and 

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 = (ll£ )dx s s 0 
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do 
s 

= 4ll dx 
"T 

By integration, the development length, 

fb dO ~ fb d 
0 s (/J 0 x 

0 - 0 ~ (b) 
sc sm (/J 

b = (/J (0 - 0 ) 
4ll sc sm 

Steel Boundary Condition 
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(4.6) 

b , required will be 

(4.7) 

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 

fr. dx - a L~T = o 
o s s 

1 L 
E f 0 dx - a L~T = o . 

S 0 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 

where 

L -2 (0 ,+0 ) = E a ~T L sm sc s s (4.8) 

o 
sm' = steel stress at the mid-slab for partially bonded condition 

which is higher than the steel stress 0 in fully bonded 
sm section. 
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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, 

o 0 
sc sm 

s == 
b 

and the steel stress 0sm' will be 

o , 
sm 

= 0 + s(b-L} sm 

= 0 + sm (b - L) 

L,..,. +~o 
Os c - b v s c b sm 

Substituting the above equation into Eq 4.8, 

Summary of 

where: 

L r 0 + (0 -.!: 0 + ~b 0sm}l == E a. LilT 
2 L se sc b se J s s 

Equations 

0 = em 

0 = se 

E a. ilT = s s 

b = 

E a. ilT 
s s 

E {Z + ilT(a. 1 - a. }} + -(0 ) e c s n sm 
x 

0 6 Fidx 
+ em 0 - ----sm p pD 

L L 0 - -0 + 2b °sm se 2b se 

I/J - 0 }. 4Jl (0 se sm 

(4.9) 

(4.3) 

(4.4) 

(4.9) 

(4.7) 
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From the above, we have four unknowns (0 ,0 ,0 ,F.), but only sc sm cm 1 

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, 
o 

o ptxF . x 
o 

sc 
= o sm 

+ cm _ 0 1 

P pD 

o cm pO sc - pO sm 

Substituting into Eq 4.3, 

[z + 6T(a. - a.s )] 
1 

0 0 E + - (0 ) 
c c n sm 

0 

or 

where 

sc sm 

0 0 sc sm 

sm 
(1 +~) 

pn 

o sm 

= 

E 1 c [z + 6T(a.c - a.s )] + 
p pn 

E 
= 0 __ pC [z + 6T(a. - a. )] sc c s 

0sc - C2 

1 + 1 
n 

(0 sm) 

(4.10) 



= 

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

where 

o sc 

k = 

o 0 
L( sc - sm) 

f/J 2{--(0 -0 )} 
411 sc sm 

o 
4J.l • 

E a I1T 
s s 

= E a I1T s s 

= E a I1T s s 

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

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 
c 

A do 
c c 

F.dx + Udx + F + dFc 
1 c 

F .dx - Udx 
1. 
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For a one-foot strip, 

do 
c 

Fidx l1'IT~ 
= -----dx 

D 'IT~2 
4P 

F. 411P 
- --~ - -~x 

D ~ 
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(4.12) 

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

= 

o = cm 
'!l:U?L - ~ 

Combining Eqs 4.10 and 4.11 gives 

o = 1 (L + E Ct ~T) 
sm C1 2K 5 S 

Friction Model. 

Combining Eqs 4.3 and 4.4, 

x 
J Fidx 

po - po + p ~o~-=-_ 
sc sm pD 

JX F dx 
0 - 0 + o i 
sc sm pD 

1 
o (1 + np) sm 

o C1 sm 

= E {Z + ~T (a - a )}+ 1. 0 c c s n sm 

E 
1 = ---.£ {Z + ~T (a - a )} + p c s np 

= 0se - C2 + C3 

= °sc - C2 + C3 

(4.13) 

(4.14) 

0 sm 

(4.15) 
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Where 

C1 

C2 

By substituting 

a 
sc 

= 

= 

= 

b 

= 

1 +~ np 

E 
-.£ {Z + 6T(a. -

p c 

L f F.dx 
o l. 

p13 

a. )} 
s 

into Eq 4.9, the steel stress at the crack is 

From Eq 4.12, the maximum concrete stress will be 

SUMMARY 

a 
cm = -

L 6 Fidx 

D 
(4.16) 

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 

q.uite complex and the state of art is still being developed an average bond 

streng.th 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 S~acing 

Two analysis are made of a continuously reinforced concrete pavement 

placed over two different kinds of subbases. The first problem, A-I, is a 

control problem with input data that can be solved by the original steel 

stress model in CRCP-l. The second problem, A-2, has exactly the same input 

data as Problem A-I, 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-I, 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/cm2) per O.l-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/cm2), 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.lb and 5.lc, 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-l 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/cm2) per O.2-inch 

(O.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-l 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-I 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-l 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-l 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 is 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 l2-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 (0.254cm) 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-l, the slab described above was analyzed with only the 

internal stress caused by the change in temperature and drying shrinkage. 
. . 
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In Problem C-2, in addition to the environmental stresses, an l8-kip 

(8l82.0-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-l 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 every time 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. 
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CHAPTER 6. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

SUMMARY 

The CRCP-l 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-l 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 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 inplane 

tensile stress across the depth of the slab, computed by the CRCP-l 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 of 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 siab 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. 

RECOMMENDATIONS 

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 

dept~ 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. Eitber 

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-l 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-l design method, the friction-movement relationship between 

the slab and its support must be known before the amount of frictional 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-l 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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LISTING OF COMPUTER PROGRAM CRCP-2 
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C 
C 
C 
e 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

TMLOO 

IIIHLOAO 

IIHUS! 

SOILM 

IIIHLSTII 

'OL 

LONOPII 

NPllhiT 

IPL.OT 

TIIIIUL! 
nNAL 

AGE"U 

'E "'III ON 

TYPE 7 
tXTEIINAL L.OAD 011 STRESS 

(O~IT THII CARD I' RUN IS PROGRAM CRCPt) 

COLS. '-U I 

COLs.u-ae I 

COLI.II-ll I 

NUHIER 0' DAYS AFTER CONCRETE IS SET 
BEFORE KHEEL LOAD 18 APPLIED 
(DEPAUL' VALUE IS 0.e) 
WHEEL LOAD (L8S) 
(BLANK IF USER SUPPLIES IIHLSTR) 
(OE'AULT VALUE IS 8.9) 
IIIH!EL BAS! RADIUS (IN.) 
(BLANK IF UIER SUPPlES ItCHLITII) 

COLB.11-Ol I MODULUI OF SUBGIIAOE (PII) 
(BLANK IF USER SUPPLIES IIHLSTR) 

COLS.41-51 I IIIHEEL LOAD STRESI (PSI) 
(BLANK IF UIER SUPPLIES ItCHLOAD) 

TYPE I 
PRINT AND. PLOT OPTIONI 

COLI. I-S I RELATIVE CLOSURt TOLERANCE 
(PERCENT) 
(DEFAULT VALUE 18 5.1) 

COLS. I-II I FLAO TO PRINT RESULTS FROM EACH ITERATION 
a YEI I' OEIIRED 
a BLANK IF NOT DElI liED 

COLI. 11-15 I IIATE OF IUISAMPLING USED IN PRINTING RESULTI 
'OA EACH ITERATION 

(E.G., 181 POINTS AAE CALCULATED IN EACH 
ITERATION. IF NPRINT • 21 AND LONGPA • YEI THEN 
FOR EACH ITERATION VALUES AT POINTS I, IS, 41, 
.1, II, AND 181 WILL BE PRINTED) 
(DEFAULT VALUE IS 21) 

COLI. 11-21 I FLAG 'OA PLOT OF TEMPERTURE DROP VS, TIME 
a YES IF PLOT IS DESIRED 
• BLANK IF NOT DESIR!O 

COLI. 21-11 I NUMB!II OP INCM!I PEA DAY TO BE PLOTTED 
CDLS. ]eo_48 I NUMBEA OF DAYS TO BE PLOTTED 

TVPE q 
AGE TENSILE-STAENGTH RELATIONSHIP 

(TH1S CARD MUIT BE OMITTED IF NSTRN • 0) 
(IF NSTRN > S, THEN ADDITIONAL CAAOS AR! REQUIRED) 

COLS, 1-5,ll-15,11-25,ETC. I AGE OF THE CONCRETE 
(DAYS) 

COLI, 6-SI,I'-2e,leo,38,ETC, I TENSILE STRtNGTM 
(PSI) 

TYPE 19 
SLAB.IASE 'RICTION RELATIONSHIP 

(FORCE-DISPLACEMENT) 
(I' I'Y > 4 ADDITIONAL CARDS ARE REQUIRED) 

C 'ExP 
C 

COLli, 1.10,il-3m,ETC. r FRICTIONAL FORCE 
(PSI I 

ll-Z0,31-Q0,ETC. r SLAB MOVEMENT 
(INCHES) 

PER UNIT LENGTH 

C YEXP 
C 

COLS. 

C 
C 
C 
C*****.**************.·*******···******·*·*******···** ••• --••• -.-••••• *. 
C 

C 

C 

COMMON IBLOCKII RATIO,THICK,P,",STRAINC,ES,NTPI,U,DIA,UNWT 
COMMON IBLOCK21 SS(ISI),AAA,WS(IIII,LONGPA,NPRINT,MAkITE,CRACKIII 
COMMON IBLDCK31 XBAR,STASC,STRS8,STRC,I8A8y,ITEB,NE~8AA 
COMMON 18LOCk41 AL(101I,STRAIN(101),CONSTA(101),STRESSS(1011 
COMMON IBLOCKSI FEXP(10I,YEXP(10),FRICMUL,NT,FU,I'Y 
COMMON IBLOCk~1 ALPHAC,ALPHAS,EC,'Pc,TIME,EP,TOL,ITYPER 
COMMON IBLOCkll Y(191),REFF(101),VP(III),H,ICLOSEB,YPITE(lel) 
COMMON IBLOCKql STX,8TV,PSX,PSY,ITE 
COMMON IBLOCKISI NITRN,VOS,AGEU(28),TENSION(il),ITRNNUL 
COMMON 18LOCKlil DT(S0),NTEMP,NTIFLAG,UPINC,DOWNINC 
COM~ON 18LOCKI31 AGE(I),PERCENT(I).COLOTH,ANTEMP,IBkBAR,COL.DSTN 
COMMON IBLOCkl., f(111),IDNDL,Z,DELTAT,STRMAk,W"LSTR,TNLDO,IBECK 

DIMENSION 8UM(101),AN1(leol,AN2(?) 
DATA AGE/0"I"3.,S,,T.,li.,21 •• 28.1 
DATA PERCENT/I.,15.,'I"53",3,,S2.,QO.,101.1 
DATA EPI 1.8E-'. I,NTPII 181 I,YDII 4.8 I,MAXITEI 30 I 
INTEGER AAA 

C PROGRAM AND PROILEM IDENTI'ICATION 
C 

C 

liiEAO SU, (UI (N),Nas,s" 
II READ 528, NPROI,(AN2(N),Nal,7) 

I'(EOF,'.5) Q7I,11 
II PRINT 53, 

PAINT '.501, (ANI(N),Nal,leo) 
PRINT SSe, NPA08,(AN2(N),Nal,?) 

C INPUT STEEL plIOPERTIES 
C 

C 

READ S,8, ITVPEA,P,DIA,'V,ES,ALPHAS,8HIGH 
pUNT sel 
PRINT 571 
PRINT sse 

IF (ITYPER.EQ.l) PRINT 5.1 
I' (ITVPER.EQ.Z) PRINT '81 
I' (ITYPER.LT,I.OR.ITYPER.GT,21 GO TO 4S' 

PRI~T '18, P,DIA,FY,EII,ALPHA' 

C INPUT CONCRETE PROPERTIES 
C 

C 

READ '28, THICk,ALPHAC,lTOT,UNWT,FPC,STRNMUL,NSTRN,IFY 
PRI"T Slill 
PRI~T U0 
PilI NT S80 
PRINT 'Qe, TMICK,ALPHAC,ZTOT,UNWT.'PC 

C INPUT ENVIROMENTAL FACTOAS 
C 

READ bse, CURTE~P,NTEMP,OELTATM,COLDTH,COLDSTN 
C 

00 
o 



c 
C 

C 
C 
C 

c 

INPUT MINIMUM DAILY TEMPERTURE 

READ ~55, (DT(I),Ial,NTEMP) 

INPUT EXTERNAL LOAD 

READ ~~0,TMLDD,WMLOAD,WHSASE,SDILK,WHLITR 
READ ~~5, TDL,LDNGPR,NPRINT,IPLDT,TMSCALE,FINAL 

C MAKE DE'AULT SETTING. 
C 

C 

C 

I'CLDNGPR.EQ.3HYES.AND.NPRINT.LE •• ) NPRINT a Z. 
I'(I'Y.LE.') I'Y • 2 
I'(TOL.LE •••• ) TOL as •• 
I'(ITYPER.EG.Z.AND.SHIGH.LE •••• ) SHIGH a 18 •• 
I' (.TRNMUL.EQ •••• ) STRNMUL a 1.1 
I' (COLDTM.LT.NTEMP) COLDTM • NTEMP 
I' (TMLOD.GE.NTEMP) TMLOD • NTEMP 

I' (NSTRN.EQ •• ) GO TO 3. 

C INPUT AGE-TEN.ILE STRENGTH RELATIONSHIP 
C 

C 

READ ~~S, (AGEU(I),TENSION(I),Ial,NSTRN) 
TEN,.TENSION(NSTRN) 

PRINT ~T., «AGEU(I),TENSION(I»,I.t,NSTRN) 
GO TO U 

3. PRINT UI 
PRINT 609. 
DO S. Ial,1 

DUMDUMa'PC*PERCENT(I) ••• I, 
I' (DUMDUM.EQ.I.) GO TO 01 

DUMDUMaSTRNMUL*3.II./(3.tIZIII./OUMDUM) 
.1 PRINT 7 •• , AGE(I),DUMDUM 
51 CONTINUE 

TENSaSTRNMUL*3111./(3.tIZ.II.I'PC) 

C INPUT SLAS-SASE 'RICTION RELATIONSHIP **(FORCE-DISPLACEMENT •• ) 
C 

~I PRINT Til 
READ 731, ('EXP(I),YEXP(I),Ial,I'Y) 

l' (I'Y.EQ.Z) GO TO II 
I' CI'Y.GT.Z) GO TO 91 

'RICMULa'E.P(I)/YEXP(I) 
'Ua'EXP (I) 

PRINT TOI, 'E.P(I),YEXP(I) 
GO TO 108 

II 'RICMULaSQRT(AIS(I/YEXPCI»)*'EXP(I) 
'Ua'E.P (I) 

PRINT 751, 'E.P(I),YEXP(I) 
GO TO 11111 

~III I' ('EXP(I).NE.III.OR.YEXP(I).NE.III.) GO TO GOIII 
PRINT 7~0, «'EXP(I),YEXP(I»,Ial,I,Y) 

11111 PRINT III 
PRINT T9111, CURTEMP 
PRINT 1l1li 
00 11111 IaI,NT[MP 

TEMPhDT(I) 
DT(I)aCURTE~P_OT(I) 

I' (DT(I).LT.0) OT(I)alll. 

C 

C 

PRI~T 8~1, I,TE~PT,OT(I) 
110 CONTINUE 

PRINT 800, OELTATM,COLDTM 
OELTATM.CURTEMP-DELTATM 

C CALCULATE WHEEL STRESI 
C 

I' CN8TRN.EQ.I) GO TO III 
OUMAaTENS/ITRNMUL 
DUMSa(I~III.*OUMA)/(3111.-3.*DUMA) 
ECON a33.*(UNWT**1.5)*SQRT(DUMS) 

GO TO lIZ 
III ECONa33.*(UNWT**1.5)*SQRT('PC) 
liZ I' (WHLOAD.EQ.0.) GO TO II~ 

Qlal.7ZhTHICK 
I' (WHSASE.GE.QI) GO TO 113 
BaIQRT(I.~*(WHSASE**~.)+(THICK**Z.»-(.~75*THICK) 
GO TO 114 

113 a.WHBUE 
114 QZaECON*(THICK**3.) 

Q3all.T3dOILK 
STI,a(Q~/QJ)* •• 25 
QOa(.31~*WHLOAD)/(THICK.*Z.) 
Q5aALOGI0(STI'/B) 
~HLSTRaQO*(0*Q5+1.11169) 

II. CONTI NUE 
PRINT US 
PRINT 151 
PRINT 14/0 
I' (WHLOAD.EQ.III.I) GO TO S5i 
PRINT 151,WHLOAD,WHBASE,SOILK,ECON,TMLOD,WHLSTR 
GO TO 85' 

15Z PRINT 153,WHLSTR,TMLOD 
150 PRINT Blol 

PRINT 871, MAXITE,TOL 
I' (IPLOT.EQ.3HYEI) CALL PLOTEMP (TMSCALE,FINAL) 

C ********************************** 
C INITIALIZE PARAMETERS * 
C ********************************** 

I'(LONGPR.EQ.SHYEI) PRINT 51111 
XSAR a G81111.1 
IFINUHa., 
TOLal.IIII*TOL 
Pall.IIII*P 

lSI I' (ITYPER.EQ.Z) ICLOSESal 
NEWSAR a I 
ANTEI1PaNTEMP 
IBABYaP.l 
IBECKa., 
ISXSUal 
IENDONEa0 
ITEBal 
NTaNTPI_1 
HaXSU/(Z.hNT) 
IBal 
Unl 
I'Lowail.5*BHIGH 

I Gill NTI'LAGal 
TI MEal. 

ex> 
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DOIINIIOiC_2. 
UPIt4Cali. 
DELTAT.". z_e. 

e ._* .... ***.* ••••••••••••••••••••••• _ •••••• _ ••••••••••• _ •••••••• **. 
C THII S[CTION 0' THE PAOGRAM HAl THE ALGOAITHIUM FOA THE 
C INCAEMENTAL APPAOACH 8E'OAE THE TENSILE STRENGTH REACHES 
C A HAXIMUM CONSTANT LEVEL, 
C •• _.* •......•••••.•••.••••• _* ........ __ .................. A •••••••• 

C 

l' (ITYP[A.EO.2.) 80NOLII8LO~+(BHIOH.8LO~)aRAN8(0.) 
IS. ITTIME.I 
16e CALL DEL TEMP (TIME,OELTAT) 

I' (TIME.GE.ANTEMP) GO TO 2" 
CALL FOAwAAO (TENITAN,ZTOT,Z) 
CAL~ PACKAQE (BUM, INDEX) 

IF (IOi!W,AR.EO.l' GO TO 11. 
IF (STRMAX.LT.TENITRN) GO TO 178 

NTlFLAG"l 
ITTIMUlTTlM!+l 

I' (ITTI"E.OT.MAXIT[) GO TO 411 
GO TO .U 

nil COIOiUNUE 
I' (A8S(ITRMAX).LT ••••• 1) GO TO IS. 

PFLSIITENBTAN 
PITAMAUITAMU 
NU'LAG-l 

I' (l'INIIH.EO.l' PAINT aqe, TIME,DELTAT,Z,TEIOiSTAN,xBAA,CAACK~, 
1 8TRMAX,STAE8IS(IOiTP1) 

C LOCATE POINT 2 
C 

Ie. IT! •• 
CALL DELT!MP (TIME,OELTAT) 

I' (TIM!.G!,ANTEMP) GO TD 2.' 
t'LL 'OAWARO (TENSTAN,ITOT,Z) 
CALL PACKAGE (SUM,IIOiOEX) 

l' (N!WaAA.!O.l) GO TO 11' 
DUMMYII(STRMAX_T!NSTAN)/TENSTAN 

I' (AS8(DUMMY).LT.TDL) GO TO 22. 
IF «STAMAX-TENITAH),GE.'.' GO TO 2 •• 

P'L8I1TEN8TAN 
PITAMAX.STAMAX 

I' (I'INI8H.[Q.1) PAINT 4ge, TI~E,DELT'T,I,TEN8TAN,XB'A,CA'CK., 
• 8TAMAX,STA[SSI(NTP1) 

GO TO lie 
2.e CONTINU! 

IBn"lI, 
218 CONTl"U! 

lTEdThl 
I' (lTE.GT.MAXITE) GO TO 4.e 

CALL GETM[ (P'LI,PSTAMAX,TENSTAIOi,STAM'X,FOUT) 
TENSTANII'OUT 
NTI'LAG.e 

C'LL B'CKWAA ('OUT,lTOT,Z) 
CALL OELTE"P (TIME,OELTAT) 
C'LL PACKAGE (SUM, INDEX) 

l' (NEW8AA.EO.l) GO TO 13. 
DUMMY.(STAMAX-TENSTAN)/TENITAN 

IF (A8S(OUMHY).GE.TOL) GO TO 2111 
Uil CONTINU! 

IBXRAAlll 
ICRLOCII0 
FlESPONS-TlH! 

I' (IENOONE.EQ.l) GO TO 230 
xeAAII'ilo SH8AR 
t<IIXB'RI (2, *lilT) 

GO TO 2411 
2111 CONTINUE 

BOUNOUUUA 
xeAR_(BOUNOL+80UNDU).0.5 
IoIUBAA/(2,*NT) 

241 TAYI1I2,*xB'A 
2111 CONTINUE 

I' (ITVPEA.EQ.2,) BDNOLIISLOW+(8HIGH-8LOw)aAANB(0,) 
C'LL P'CKA;! (IUM,INOEX) 

I' (NEw8AA,EG.I) GO TO 130 
I' (18A8y.EG.') GO TO 250 

CALL 8ABY (I[NDONE,BOUIOiOL,SOUNOU) 
TAV2.A8S(TRV1-X8AR) 

I' (TRYi.LT.l,.) ;0 TO 25' 
GO TO it .. 

25. CONTINUE 
l' (l'INISh,EQ.1) PAINT ~'I, TI~!,OELTAT.I,TENSTRIOi,x8AA.CAACK~, 

1 STR~AX,STRESIS(NTP1) 
PFLsan:NSTAN 
PITAMAUSTRMU 
NU'LAO.t 

GO TO U' 
C *** ••• **** ••• **.*****************.******************** ••• * •••••••• 
C ThIS SECTION 0' PAOGAAM ~AS THE ALGOAITHM 'OA THE INCRE~ENTAL 
C ,"PROACH A,TER THE TENSILE STAENGTH REACHED MAXIMUM VALUE. 
C •••• - •••• * •••••• _.-. __ •••• _.---_ •• *-*-*.*.* •••••••••••••••••••• * •• Z.. TIMEaANTEMP 

C'LL FOA_AAO (TENSTAN,ITOT,Z) 
DEL T UaD[L T ATM 

I' (ITYP[A,EQ.2.) 80NOL_8LDW.(8HIGH.8LO~)*RAN8(0.) 
211 Z_ZTOT 

t'LL PACK'GE (SUM,INOEX) 
I' (N!W8AR.EQ.l) ;0 TO 130 

2'. COIOiUNUE 
OUMMVII(ITRMAX-TENSTAN)/T!NSTAN 

I' (ASI(OUMHV).LT.TOL) GO TO l'. 
IF (STlitMAX,LT,T!NSTAN) GO TO l20 

I8X8AAal 
ICRLOCal 

I' (iENOONE.EO.l) GO TO 3 •• 
.SAlitae.SaK8AA 
ha.8'AI (2. aNT) 

GO TO 2111l 
3011 CONTINUE 

aOUNDu •• 8AR 
X8AAa t80UNDL+80uNOU)*e,5 
HaX8lR/(2.*NT) 

GO TO 211a 
320 CI\NTJ NUE 

I' (ICALOC.EQ.0.AND.IFINISh,!Q.l) GO TO l10 
NTI'LAGlll 

IF (IENDONE,NE,l) eOUNOU • 2.1 * X8AA 
BOUNDLUBAR 
XS,AII(80UNDU+80UNOL)*1.5 

00 
N 



C 

C 

H_XIAA/C2.*NT) 
I' (I8XBAA.EQ.II GO TO IQI 

UNDONEal 
DUHMVaC80UNDU-80UNOLI/BOUNDU 

I~ CDUMMV.LT •• , GO TO 421 
I' COUHMY.LT.TOLI GO TO J~I 
1~ (ICALOC.N!.II GO TO 211 

TIME-RI!8PONI 
U!CK_1Il 

Go To lSI 
UII CONTINU! 

I' (I~INISH.EQ.II GO TO 111 
nl CONTINUE 

CALL PACKAGE (SUM,INDlX) 
X8UUUAIlI. 

PRINT .", XBAR,CRACK~,8TRHAX,ITREIII(NTPII,TENSTRN 
PRINT ... 
PRINT .11, (1,ALCII,Y(I),'(II,CONSTACI),ITAllSS(I),I_I,NTP1) 

:nl CONTINUE 
I~ (1'INISH,[Q.1) GO TO II 

TEMXhAUIU 
XIARaU8I._ 
I'IN1IHal 

PAINT 51. 
PAINT 541, ('NI(N),Nal,I~) 
PRINT 551, NPA08,(AH2(NI,Nal,1) 
PAINT 41e 

GO TO Il' 

410 PRINT '11 
GO TO 11 

1128 CONTINUE 
PRINT 'I". 

GO TO nl 
IIOI! CONT I NUl 

PAINT '141 
GO TO nil 

4115 CONTINUE 
PAINT 115,ITAMAX,TENSTRN,IOUHQU,BDUNOL 

laD TO II 
4511 CONTINUE 

PRINT '51, ITYPER 
GO TO 1111 

46e CONTINUE 
PRINT 'IU, ITE 

1111 CONTI NU[ 

475 ~DRHAT (11,11X,*ERAOR II DETECTEO*,1,11X,*ITAHAX -*,El1.1,1, 
I IIX,*TENIT~N a*,EI0.3,1,IIX,*BOUNOU •• ,EI0,l,l, 
2 lIX,*BOUNDL a*,EI0.51 

481 FOR"~T (~2X,'1H HAXIMUM ,1, 2X,21M TIME TEMP DRYING, 
1 51H TENIILE CRACK CRACK 
" lx,51H (OAVS) DROP SHAIN~AGE 

CONCRETE STAEBS IN ,1, 
STRGTH SPACING wIDTH, 

1 4X,22H ITAEII THE STEEL ,1) 
4'0 ~OA"AT ( 2X,'5,2,2x,'5,1,2X,Ell1.3,2X,'5.1,lX,~o.l, 

see 
S\Il 
520 
5Sl 

I Il,EI0.1,2(2x,EII.1)) 
'ORMAT ( IHI I 
'ORMAT (8AII) 
'ORMAT (A5,5X,1Al1) 
'ORMAT (5~1 ,1~X,IIHI_._ •• TRIM) 

51110l 
5'111 
5b0 
510 

FORMAT (IX,BAle) 
FOMMAT CII,5H PR08,I,A5,5X,7AII,II) 
'ORMAT (15,5x,b(EI0.3)) 
FOR"AT (10i,IH*,libX,IH*,I, 

10X,1I8H* 
2 10x,IH*,libX,IH.) 

STEEL PROPERTIES 

sal ~ORMAT (10x,4B(IH*)) 

*,/, 

5'11 'OAMAT (11,15x,1'lH TVPE OF LONGITUDINAL REINFORCEMENT IS ,1, 
1 2bX,14M OEFOAMEO BAAS) 

b00 'ORMAT (11,15X,3'1H TVP[ 0' LONGITUDINAL REINFORCEMENT IS ,1, 
1 23x,21H DEFORMEO WIRE 'A8RIC) 

010 FOAHAT (11,15X,2I1M PERCENT REINFOACEMENT 
I 15X,24H eAR DIAMETER 
2 15x,24H VI!LD STAEss 
3 15X,24M ELASTIC MODULUS 
4 15x,24H THEAHAL COEFFICIENT 

b20 FOAHAT (10X,5EI0.3,~4,I,I2.2X,IZ' 
b31 'ORHAT (1IX,IH*,lIbX,IH*,I, 

a,[1I.1,1, 
a,E10,l,l, 
a,EIIII.3,/, 
a,EII,3,1, 
a,EIe.3,!11I 

1 llx,48H* CONCRETE PROPERTIEI 
2 l1X,IH*,4ox,IH*) 

'49 ,ORHAT (11,15x,22M ILAI THICKN!IS a,EI8.1,1, 
I 15X,22H THERMAL COEF~ICIENT a,EI0.3,1, 
2 15X,22H TOTAL SHRINKAG! a,EI8,3,1, 
3 15x,22H UNIT ~EIGHT CONCRETE-,EI8,l,l, 
• 15X,22H COMPRESSIVE STRENGTHa,EI0.3,11) 

~S8 'OAMAT ([11.1,I5,5X,EI8,3,5x,F5,1,'10.1) 
~SS 'ORMAT ((I~F5,1)) 
~'I ~ORMAT (5E18.2) 
~~S ~ORMAT (,5.1,2x,A3,I5,2x,&3,FI5.11,,5.81 
~~8 'ORMAT «lbF5.81) 

*,1, 

~10 FORHAT (11,15X,41H TENIILE STRENGTH DATA AI INPUT 8V USER ,11, 
I IAX,I~H AGE, TENIIL! ,1, 
2 13x,18H (DAvl) STRENGTH ,1, 
1 (15X,F5.1,2x,F5,1)) 

~80 FORHAT (14X,22H TENIILE ITRENGTH OATA,I,t5X,21(IH*)) 
~98 'OAMAT ( 1,15X,41H NO TENIILE STRENGTH DAT& II INPUT BY UIER ,1, 

I 15i,4'1H THE FOLLO~ING AGE-TENSILE ITAENGTH RELATIONSHIP ,1 
2, t5x,4~H 18 USED MHICH IS SASED ON THE AECOMMENOATION ,1, 
3 15x,3fH ;IYEN BV u.s. 8UREAU OF AECLAMATION ,11, 
4 15X,15H AGE, TENSILE ,1, 
5 14x,11H (DAVI) 8TRENGTH ,1) 

71s FORHAT (t3x, 2(2X,f5,1)) 
111 ~ORMAT ( 1,IIX,48(IH*,,1.10X,IH*,lIbX,IH*,I, 

I IIX,IH*,5X,35H ILAa-eASE FRICTION CHARACTERISTICI,bX,IH*,I, 
2 l1X,IH*,14X,11H ~-V RELATIONSHIP,15x,IH*,1,10X,IH*,lIbX,IH*,I, 
3 IIX,48(IH*),II) 

13e FORMAT ((8fll,II)) 
fAI FOAM AT (15x.4IHTY~[ OF FRICTION CURYE IS A STRAIGHT LIN!,II, 

1 15x,24M MAXIMUM FRICTION FORCE.,'10.1i,1, 
2 15X,21iH HOVEMENT AT SLIDING .,'18,4) 

f50 FOAMAT (15i,3bHTVPE 0' 'AICTION CURYE II A PARASOLA,II, 
1 15X,24H MAXIMUM FAICTION ~ORCEa,'10,1i", 
2 15X,24~ ~OVEMENT AT ILIDING .,FI0,4) 

7~1 'OR~AT (1IX,4,HTVPE OF FRICTION CURVE IS A MULTILINEAR CURVE, II, 
1 17l,5H F(I),5X,5H V(I),II,(13X,2'10,.),II) 

1'1. 'ORMAT ( 14X,20H CURIN; TEHPEAA1URfa,'5,1,11) 
e00 FORMAT (111,leX,10(IH*),I, 

t 10l,IH.,ZeX,IH*,I, 
2 10k,30H* TEMPERATURE OATA *,1,10X,I~*,ZSX,IH*,I, 
3 10X,30(IH*),II) 

(X) 
l.U 



811 FORMAT (20k,lHMINIMUM,bk,7HOROP IN,I, 
1 10X,lHOAY,5X,IIHTEMPERATURE,2X,1IHTEHPERATURE,/) 

820 FORMAT (10X,(13,8X,F5.1,8X,F5.1) 
840 FORMAT (/,liX,30H MINIMUM TEMPERATURE EXPECTED AFTER ,I, 

I 12X,37M CONCRETE GAINS FULL STRENGTH a,F5.1, 
2 iiH DEGREE8 FAHRENHEIT ,I,13X,*OAY8 BEFORE* 
3 * REACHING MIN, TEMP. a*F5.1,X,*OAYS.) 

845 FORMAT CIH1,II,lIX,48(IH*» 
8"b FORMAT (I0X,48(lH*» 
851 FORMAT (10X,lH*,40X,IH*,I, 

1 IIX,48M* EXTERNAL LOAD *,1, 
i lex,IH*,4bX,lH*, 

851 FOR~AT CII,15X,25H WHEEL LOAD (LBB) .,EI8,l,I, 
1 15X,25H WHEEL BASE RADIUS (IN) a,E10,J,I, 
2 15k,25H SUBGRAOE MODULUS (PII) a,EI0,J,I, 
3 15k,25H CONCR!TE MODULUS (PSI) a,EI8,3,I, 
4 15k,25H LOAD APPLIED AT a,X,F2.0,* TH OA'*,I, 
5 15k,2SH CALC,LOAD STRESS (PII) a,EI0,J,III) 

853 FORMAT (11,15X,25H WHEEL LOAD STRESS (PII)a,EI0.3,I, 
I 15X,25H ~OAD APPLIED AT a,X,F2.',* TH OAY*,III) 

8b0 'ORMAT (1I,10X,48(IH*),I,I.x,IH*,40k,IH*,I,10X,IH*,OX, 
I 33H ITERATION AND TOLERANCE CONTROL ,7x,IH*,I, 
2 10x,IH*,4bX,IH*,I,10X,48(IH*),III) 

870 'ORHAT (10x,40H MAXIMUM A~LoWABLE NUM8ER 0' ITERATIONSa,I5 ,11 
I 10X,28H RELATIVE C~OSURE TO~ERANCEa,F5.1, I" PERCENT,II) 

880 'ORMAT (IHI,I'X,34H AT THE ENO 0' THE ANALYSII PERIOO,I, 
I 1,IIX,21H CRAC~ 8PACING .,EII,J,OH FEET, 
i 1,10X,2IH CRACK WIDTH a,EII.J,8H INCHES, 
3 1,18X,i1H MAX CONCRETE STRESS.,EI0.3,SH PSI, 
4 1,10x,2IH MAX STEE~ STRESS a,EI •• 3,SH PSI, 
5 1,IIX,iIH CONC.TENS,STRENGTH a,EI •• 3,SH PII ) 

8~a 'ORMAT (11,10X,48M STA- DIS- CONCRETE ~RICTION CONCRETE 
I, 4X,1M STEEL ,1,IIX,24M TION TANCE MovEMENT, 
2 .x,3IH 'ORCE STRESS ITRESS ,1) 

Q01 FORMAT (10X,I5,2X,'5.1,2X,ijIEI0,3,2x,l) 
QI0 'ORMAT (11,laX,37H FOR ALLOWABLE NUMBER 0' ITERATIONS, ,1, 

I leX,3.H THE ID~UTION DOE8 NOT CLOSE ON TME , 
2 leX,24H STRESS STRENGTH CURVE. ,1, 
1 13X,2QHCURRENT PROBLEM IS TERMINATED, I, 
4 ItX,18H PROGRAM CONTINUEI) 

Qil 'ORMAT 111,IIX,4IH ERROR II DETECTED B' ITERATING ON CRAC~ ,1, 
I 10X,41H SPACING. PROGRAM IS TERMINATED. ,) 

931 'ORMAT 111,15X,3H*. ,*CURRENT PROBLEM II TERMINATEO-1M .-,11, 
I 15X,*TME BOND LENGTH IS GRE_TER THAN THE*,I, 
2 15X,-CRCP MOOEL, UNFORTUNATELV, FOR THIS*,I, 
1 15X,-CONDITION, THE THEORETICAL EQUATIONS*,I, 
4 15X,*00 NOT HOLD TRUE.-,I,i3x,*PROGRAM CONTINUES.) 

940 FORMAT 111,10X,. ERROR IS OET!CTED *,1, 
I 10X,. FRICTION.MovEMENT CURVE INPUT IS WRONG *,1, 
2 10X,* F(I) AND VCt) SHOULD BE ZEROS .,1, 
1 10X,. PROGRAM IS TERMINATED *) 

950 FORMAT (11,10X,. ERROR 11 DETECTED *,1, 
I lax,.TVPE 0' PERCENT REINFORCEM!NT OPTION IS ~OT RIGHT*,I, 
2 10X,-ITVPER.*,ISI 

Qb0 FORMAT (11,10X,* PROGRAM IS TERMINATED, IT! a *,15) 
END 

CC 

C 

SUBROUTINE PACKlGE (SUM,INOEX) 

COMMON IBLOCKII RATIO,THICK,P,FF,5TRAINC,ES,NTPI,U,OIA,UNwT 
COMMON IBLOCK21 SS(101),AAA,WSI101),LDNGPR,NPRINT,MAXITE,CRACKW 
COMMON IBLOCK31 XBAR,STR8C,STRSB,STRC,IBABy,ITEB,NE~BAR 
COMMON IBLOCM41 AL(101),STRAINI101),CONSTRCI01),STRESSS(1 01) 
COMMON IBLOCK51 FEXP(10)"EXPI10),FRICMUL,NT,FU,I~V 
COMMON IBLOCKOI ALPHAC,A~PHAS,EC,FPC,TIME,EP,TOL,ITVP[R 
COMMON IBLOCKSI '(101),RE"CI01),yPC111),H,ICLOSEB,YPIT[11 01) 
cnMMON IBLOCK91 STX,STV,PSX,PSv,ITE 
COMMON IBLOCKIQI 'CI01),BONDL,Z,OELTAT,8TRMAX,~HLSTR,TMLOO,IBECK 
OIMENSION SUM(101) 
REAL L 
INTEGER AAA 

Lalll,S*X8AR 
00 10 Iat,NTP! 

VII)aRE"(I)aYP(I)aAL(I)·F(I)a0. 
88II)aSTRAINCI)aCONSTRCI).STRESSSCI).e. 

18 CONTINUE 

C 

I~ IITYPER.EG.I) CALL OF8ARCTMLOD,WHLSTR) 
IF INE~IAR.EQ.I) RETURN 
IF (ITYPER.EQ,2) CALL OFwIRE 

I' ISONOL,GT.L) IBAB'al 
IF CBO~DL.~E.L) IBASYa0 

aTRAINC.STRMAX/EC 
CALL aTRGENE IBONOL) 
CALL SIMPIPE ISTRAIN,NTPI,H,SUM) 
CALL CONMOV ISUM,Z,DELTAT) 
CALL FRIC (n 
DO i!0 Jal,NTPI 

21 REFFIJ).FIJI 
IF (ITYPER.fG.I) CA~L OFBARF(TMLOO,WHLSTR) 
IF IITYPER.EQ.2) CALL DF"IR!' 

CALL SIMPSPE (STRAIN,NTPt,H,SUM) 
CALL CONMOV (SUM,Z,O~~TAT) 
CALL FRIC CF) 
00 30 J_I,NTPI 

3~ FIJ)aIREFF(J).F(J)*0,5 

ij~ CALL SIMPSPE (F,NTPt,H,SUM) 
FF.SUM(NTPI) 

IF (AAA.LT.MA.ITE) GO TO 50 
PRI"T 'HI, AAA 
PR INT I0Ii1J 
PRINT 110. (I,AL(I),REFFII),YP(I),Y(I),F(I).I-I,NTPI) 

51 IF(FRICMUL.kE.B.a) CALL BAKFRIcrF) 
IF (ITYPER.~Q.I) CALL DFBARF(TMLOO,WHLSTR) 
IF (ITYPER.EQ.i!) CALL OFwIR!F 

IF (LONGPR.NE.3HYES) GO TO bB 
PRI",T U0 
PRI"'T lQIlJ, TIM!,Z.DELTAT 
PRINT 110, 8TRMAX 

00 CALL SIMPSPE (ITqAIN,NTPI,H,SI~) 
CALL CONMOV (SUM,Z,OELTAT) 
CALL CLOSE (",TPI,INOEx,F) 

IF (!NOEJ,EQ.I.ANO.ICLOSEB.EQ.I) RETURN 
DO 200 Ial,NTPI 

IF (VPII).GT,Y(I» GO TO 250 
TEMPaREFFC Il 

(Xl 
+:-



251 

2111111 

C 
9. 
n. 
Hili 
UII 
ue 
11. 

I 
2 

liEF, (1)a" I) 
'(I)a(J.I*'(I)·TE~p)·e.5 

GO TO 210 
COIiTII;UE 

'(I)a(IIEF'(I).'(I)*III,5 
COIiTlliUE 

GO TO 40 

'aRM AT (II,IIIX,*RESULTS 'OR ITEIIATION ., 15,/) 
'OR~AT (/,12x,*I*,TX,*AL(I).,Jk,*RE,F.,9k"YP',IIX,*Y*.llx,*F .,/) 
'ORMAT (1IIX,I5,SliK,EI',J)) 
'ORMAT (1I,2I11X,*IN THE PAC~AGE ROUTlIiE*,/) 
'ORMAT ( 19X,. STRMAX .*,EII,l) 
'ORMAT ( 19X,* 'OR TIME 0' * ,EII.S,I, 

i0X,*SHRlli~AGEa*.EI8,s,l, 
iex"OELTAT a*,fllll,J) 

EIiD 

CC 
C 
C 
C 
C 
C 
C 

C 

C 

SUBROUTIIiE CON~OV ISUM,l,DELTAT) 

**'****'***************************************'*"***",.**"'*'* 
TMIS SU8ROUTINE COMPUTES THE MovEMENT OF THE COIiCRETE AT 
EVERY STATION. THE MOVEMENT IS COMPUTED FROM THE OEVELOPPED 
OIFFEREIiTIAL EQUATIOIi • 

**************.*.*************************" •• * ••• ,***.*,., ••••••• 
COMMON IBLOCKII RATIO,TMICK,P,FF,STRAINC,ES,NTPI,U,OIA,UNWT 
COMMON IBLOCK21 SSI181l,AAA,WS(181),LONGPR,NPRINT,MAXITE,CRACKW 
COMMON IBLOCKJI X8AR,STRSC,STRSB,STRC,I!A8Y,ITE8,NEH8AR 
COMMOIi IBLOCK41 AL(IIIII),STRAINI181),COIiSTR(18Il,STRESSSllill) 
COMMON IBLOCK51 FEXPIII),YEXP(10),'RICMUL,IiT,'U,IFY 
COMMOIi leLOCKol ALPMAC,ALPHAS,EC,FPC,TIME,EP,TDL,ITYPER 
COMMON IBLOCKSI YI18Il,REF'(181),VPCI81),M,ICLOIE8,VPIT!118Il 
OIMEIiSIOIi SUMllel) 
INTEGER AAi 

00 III Ial,liTPI 
v(I)aSUM(I).iL(I)*IALPHAC*DELTAT.ll+Y(I) 

Ie IF (ABS(Y(I»,GT,I,) GO TO i8 
CRACK~aA8S(Y(NTPlll*Z. 

I' (LOIIGPR,EQ.JHVES) PRlliT 58,(II,ALfl),STRiIN(I),SUM(I),V(I)l, 
I lal,NTPl,NPRlliTl 

RETURN 

il PRIIiT 58, IY(Il,lal,IITPI) 
JI 'ORMATe 11,25X,*11I SUBROUTINE CONMOV., 

I II,IIIX,* lliDEx DISTANCE CON STR SUM CO 
iN MDV *,II,(IIX,15,4IiX,EI8.5l)l 

51 ~ORMAT (/,10x,~JH ~DVEME~TS GREiTER THAll I INCH ARE ENCOUNTERED .1 
1, 10X,SCiX,EI0.5)1 

END 

OJ 
lT1 



CC 
C 
C 
C 
C 
C 

C 

SUBROUTIN[ CLOSE CN,INDEX,Fl 

****************************************************************** 
THIS SUBROUTINE IS USED ~ITH THE BINARY TECHNIQUE 
0' MOVE~ENT CLOSURE 

****************************************************************** 

COMMON IBLOCkZI SSClell,AAA,~SCIIII,LONGPR,NPRINT,MAXITE,CRACK~ 
COMMO~ IBLOCK~I ALClell,STRAI~Clell,CONSTRCIIII,STRESSSCIIII 
COMMON IBLOCK~I ALPHAC,ALPHAS,EC,'PC,TIME,EP,TOL,ITYPER 
COMMON IBLOCKSI YCIIII,RE"CIIII,YPCIIII,H,ICLOSEB,YPITECIIII 
DIMENSION DIFCIIII,FCIIII 
INTEGER AAA 

I~0[X81 
BA081. 

IFCLONGPR.EQ,lHYE81 PRINT I~I 
IF CAAA.EQ.Il GO TO 5. 

00 Z. I8Z,N 
IF CYCI).EQ,I.l GO TO Z. 
IF CABSCYCI».LT.I,E.'" GO TO ZI 

OI'CI)8CYCI).yPIT[CIll/YCII 
IF CA88COI'CIl).GT.TOL) BA08BAO+I. 

ZI CONTINUE . 
IF CLONGPR.NE,lHYEll GO TO 11 

PRINT 80 
PRINT 91, CCl,YCI',YPITECI),OIFCI'"I81,N,NPRINT, 

,111 CONTI NUE 
IF CBAO.GT.I.) GO TO 5111 

INOEX 8 I 
AU 8 I 

IF CLONGPR,EQ.1HYES) PRINT III 
RETURN 

51 CONTINUE 
AAA-'''+1 

I' CAAA.GT.MAXITEI GO TO 7111 
MAI8AAA·1 

00 bl 181,01 
bl YPITECIl8YCIl 

If CLONGPR.EQ,lMYESl PRINT III,MAI,BAO,AAA 
RETURN 

C 
n CONTINUE 

PRINT Ize 

C 
80 
110 
10111 

III 

IZ0 
130 

140 

PRINT III, MAI,BAD,AAA 
PRINT S0 
PRI~T 110, CCI,YCll,YPITECII,OI'CII,SSCI),STRESSSCII,STRAINCII, 

I CONITRCI1,'CI",1 81,N, 

'ORMAT C Z8X,* Y YPITE DIF *,/1 
FORMAT C 2IX,I5,lC2X,EI0.111 
FORMAT CI0X,JH** .*SOLUTIO~ CLOSES ~ITHI~ THE SPECIFIED NUMBER OF 

IITERATIONS *,2M**,bl I 
'ORMAT C 1,10X,* SOLUTION DID NOT CLOSE FOR ITERATION*,I5,1, 

I leX,*THE NUMBER 0' POINTS THAT DID ~OT CLOSE ARE*,FI0,1,1, 
Z IHI,II,IIX,. RESULTS FOR ITERATION *,15,//1 

fORMAT CII,IIX,* BAD LUCK, SOLUTION DID ~OT CLOSE *,111 
FORMAT C leX,I5,8ClX,EII.1)1 
FORMATCII,3IX,*IN SUBROUTINE CLOSE*,/l 
END 

CC 

C 

10 

21 

10 

4iI 

50 

be 

71 

SUBROUTINE BAKFRIC CFl 

COMMON IBLOC~II HATIO,THICK,P,FF,STRAINC,ES,NTPI,U,OIA,UNWT 
COMMON IBLOC~ll SSCI011,AAA,WSCI~ll,LONGPR,NPRINT.MAXITE,CRACK~ 
COMMON IBLOC~]I XBAR,STRSC,STRSB,STRC.IBABy,ITEB,NE~BAR 
COMMON IBLOCK41 ALClell,STRAINCIIIIII,CONSTRCI811,STRESSSCI011 
COMMON IBLOC~51 FEXPCI01,YEXPCI01,FRICMUL,NT.FU,IFY 
COMMON IBLOCKbl ALPHAC.ALPHAS,[C,FPC,TIME,[P.TOL.ITYPER 
COMMON IBLOC~81 YCI011,REFFCI011.YPCIIIIII,H,ICLOSEB.YPITECIIilII 
OIMENSION FCI011 
INTEGER AAA 

" CI'Y.EQ,ll GO TO ~I 
IF CIFY.EQ,l) GO TO bill 

00 31 lal,NTPI 
00 II J8111FY 

IF CA8SCFCIl',LT,ABSC'EXPCJ"l GO TO l0 
CONTI NUE 

YPCrl8YEXPCIFYl 
GO TO le 

CONTINUE 
OU MOUM8CFEXPCJl.FEXPCJ.lll/CABSCY[XPCJll.ABSCY[XPCJ.11II 
YPCII8ABSCYEXPCJ.Ill+CABSCFCIII.'EXPCJ.III/OUNOUM 

IF C'CIl,GT,01 YPCII8.YPCll 
CONTINUE 
RETURN 
CONTINUE 
00 5e 181,NTPI 

YPCI18FCIl/FRICNUL 
I' CABSC'CI1',GE,FUI YPCI18YEXPCIl 

CONTINUE 
RETURN 
CONTINUE 
00 711 181,NTPI 

YPCI18C'Cll/FRICMULI**l 
IF CABSC,CIl),GE,FUl YPCI18YEXPCIl 
I' C'CIl,GT,ll YPCI18.YPCII 

CONTINUE 
RETURN 
EOIO 

(Xl 
CJ' 



CC 

C 

SU8~OUTINE SASY (IENDON£,eOUNDL,80UNDUI 

COM~ON ISLOCK31 X8AR,ST~SC,STRS8,STRC,IaAey,ITES,NE"8AR 
COMMON 19LOCKql Al(t0t),STRAIN(101),CONSTR(1011,STRESSS(1011 
COM~ON ISLOCKSI F!XP(101,YEXP(181,FRICMUL,NT,FU,I'Y 
COMMON ISLOCK61 ALPHAC.ALPHAS,!C,'PC,TIM!,EP,TOL,ITYPER 
CO~MON ISLOCKSI Y(181),R!~F(101),YP(101),H,iClOSEB,VPIT£(lel) 

leA8\' a iii 
80UNOLaXUR 

IF (IfNDONf.!Q.I) GO TO 10 
80U"I40Va". dUR 
XBAAafSOUNDL+BOUNOU)*e,' 
H.xBAR/(l,*NT) 
I!IiOONhl 

"!TURN 
Ie XBAAa(80VNOL+SOUHOU)*e,' 

R!TURN 
!NO 

MaxBAA/(i!,*IiT) 

CC 
C 
C 
C 
C 
C 
C 
C 

C 

C 

SUBROUTINE DFSARF 

._ •• t** ••••••••• * •••••••••••••••• _._. ____ *._ •.•• · •• _._************ 
THIS SUBROUTIN! SOLVES FOA THE STRESS IN TH! STEEL AT THE CRAC 
AND 8[TwEEN CRACKS, IT IS US!D IN TH! CASE OF DEFORMEO BAAS S 
THE DEvELOPMENT LENGTH CRITEAIA OA 80UNOARY CONOITION IS IMPOS 
IN THE SOLUTION OF THf BASIC EQUATIONS. 

*******************.********************************************.* 

COMMON 18LOCKli RATIo,THICK,P,FF,STRAINC,ES,NTPI,U,DIA,UNWT 
COMMON IBLOCKi!1 SSClliIl),AAA,WS(!01),lONGPA,NPRINT,MAXITE,CRACKW 
COMMON IALOCK31 xeAR,STRSC,STAS8,STAC,ISASV,IT!8,N!WSAR 
COMMON /SLDCKQI AL(llill),STAAIN(!011,CONSTA(101),STRESSS(lel) 
COMMON 18LOCKSI F!XPCle),YE~p(lel,FRICMUL,NT,FU,IFV 
COMMON IBLOCK6' ALPHAC,ALPHAS,£C,FPC,TIMf,!P,TOL,ITYP!R 
COMMON IBLOCK71 SIGMASC,SIGMAS8,NA,NAP!,E,.,S,DENO,NAPl 
COMMON IBLOCKSI V(101),REFF(1011,YPCIBII,H,ICLOSEB,YPITECIBI) 
COMMON 18LOCKI41 '(101),80NDL,l,OfLTAT,STRMAX,~HLSTR,TMLOD,IBECK 
DIMENSION SVM(lal) 
INTEG!A AAA 

ICLOSfaae 
'aAL(NTPI).SONOL 

l' CA,L!.0,) GO TO IS 
NAaA/H+I+EP 
!_A.ALCNA) 

IF (NA.GT.NT) GO TO SI 
NAPlaH •• , 
NAP2-NA.2 
NAMlaNA_1 
D!NoaTHICK*(P+I,/AATIO) 
SuMla,. 
SUM2-a. 

00 18 lal,NAMI 
IUMlaSUMI+Cl*NA-Ci!,*I+!»*(·F(I)/OENO) 

Ie SUMlaSUM2+(.F(I)/D!NO) 

C DEFINE CONITANTS 
C 

C 

Sa.'(NAPO/D!NO 
ANA.NA 

I' CONTINUE 
BONOCONaDIA/(4.*U) 
Clal,+I./(AATIO*P) 
CZaEC*(Z+OELTAT*(ALPHAC.ALPHAS»/P 
CSa"/CP*THICk) 

IF (A,lE.2.AND,IBECK,!Q,I) GO TO 16 
CQaC2·CS 
CSsH*SVMl+S*! 
C6aH*H*SUMI*a,5 
C1a(ANA.I, hH 
CSaH*SUM2*E+S.E*E*8,S 
t'a.CQ/CI+CS 

C nE'IN£ QV~ORATIC EQUATION CONSTANTS 
C 

AA.BONDCON*(I,.I./(CI*CI)).B,5 
8S.CC7+EI/CI_SONOCON*C'/CI 

CC·-ALPHAS.ALINTP1)*OELTAT*ES-CQ*CC7+E) 
IC!+Cb+CS_BONOCON*C'*C'*0,S 

co 
" 



C 

C 

16 

1'1 

C 

DELTA.B8*88-4.*AA*CC 
I' (DELTA.LT.S.) GO TO 68 

RDOT1.(-8B.IQRT(DELTA»/(2.*AA) 
ROOTZ.C-B8-SQRT(DELTA»/CI.*AA) 

I' (ROOTZ.GT.8.) GO TO 48 
SIGNASC.ROOTI 
SIGMAS8.CIIGH'SC.C4)/CI 
80NDLC.(.IG"ASC-(IIG"AIBtC5»*eONoCON 

I' (A.GT •••• ~O.IBECM.!Q.8) GO TO IT 
SIGM'IC.'L(NTPt)/(Z.*BO~DCON)tES*'LPH'S*OELTAT 
IIGH"B*CIIGNASC_CI.Cl)/CI 
80~OLC.CSIGMASC-SIGMA'B)*BO~OCON 
OU"*(eONOLC·80NOL)/80~OLC 

I' ('8'(OUM).LE.TOL) ICLOSEB*t 
I' (ICLOS!8.EQ.l) IT£8.8 

IT£8*ITEe.l 
I' (ITE8.GT.MAXITE) QO TO Z8 

80NOL.BONOLC 

C COMPUTE .REA' 'OR 'UM"ATION CHECK 
C 

C 

t 

C 

Al.H.(CI •• 'NA.I.)*.IQM', •• H*SUH1).8.5 
AZ*SIGNAS8.EtH*SUMZ*E.S.E*E*8.5 
A3*C.IGMAS8.CS.SIGMASC)*BONOL*8.5 
A"A •• I.AI.A' 

I' (IBECM.EQ.l) AAAA*AL(NTP1)*CBIGMASC.CAL(~TP1)* 
(1IG"ASC-SIGNAS8»/C2.*80NDL» 

OUMI·ALPH·.··L(NTP1)*OELT.T*E. 
I' (,eS(A".-OUMI).GT.I.E-5) GO TO 7. 

C'LL POIRES (LOCMAX) 
~TU"N 

III CONTINUE 
PRINT '8, ITEB 

GO TO III 
U CONTINUE 

PRINT 1811, A 
GO TO 88 

41 CONTINUE 
PRINT 118, OELTA,ROOT1,IIOOTZ 

GO TO SI 
58 CONTINUe: 

PRINT 111,N',NT,BONOL,'LCNTP1),M,A 
GO TO SI 

68 CONTINUE 
PRINT 1311, OELT. 
GO TO 61 

18 CONTI~Uf: 
PRINT 148, OUMI,.'A. 

&8 CO~TI"UE 

ge ,ORM'T 111,1IX,* SOLUTIO .. 010 NOT CLOSE BY ITeR'TI~G ON 801010 *, 
1 *~ENGTH IN SUBROUTINE o,a''''*,I,ISX,*PROGR •• IS T!RMI~'TED*, 
2 I,lex,* ITEa •• ,IS) 

le8 'ORMAT (1I,18X,*ERROII II DETECTED IN o,a.RF.,I, 
1 lex,*. II NEG.TIVE ANO •• ,EI8.]) 

110 'ORM'T (1I,18X,.OELTA.*,E18.3,1, 

110 

130 

UI 

I tIX,*ROOTI.*,Ele.3,I, 
I 10X,*ROOTZ.*,EI0.3,1, 
J lIX,* ERROR 18 DETECTED I~ SUBROUTI~E DFB.RF,ROOTZ IS POS.*) 

'ORMAT (/,Z0X,* ERROR IS DETECTED *,1, 
1 10X,* N •• *,IS,10X,* NT • *,15,1, 
Z lex,* e • *,'10.1,5x,* 'L • *,'10.S,I, 
3 10X,* H • *"tl.l,5x,*' • *,'18.5) 
'ORM'T (/,IIX,*ERROR IS DETECTED*,I, 

I lIX,* OELT. IS NEGATIVE .NO.*,Ell.]) 
'ORM.T (/,18X,* ERROR 18 DETECTED IN SUBROUTINE o,e.R'*,I, 

I lex,* DUMI II NOT EQUAL TO •••• *,1, 
Z 10x,* oUHZ.*,EI5.7,IX,* "".*,EI5.1) 
E~O 

'. 

00 
00 



CC 

C 

FUNCTION RANB CARG) 

DATA PY,RANBll.0510152,.119845lQ21 

IF CARG.LT.e.0) RETURN 
IF CARG.GT.0.0) GO TO 20 

10 TEHpaRANB 
RANsaRAN8*PY*I.2lS18olE+5 
NaRAN8 
RAN8a A8SCRANB-N) 
Pya TEMP 

RETURN 
20 NaARG 

EIID 

PY.A8SCARG-N)*c.05e5548 
GO TO Ie 

CC 
C 
C 
C 
C 

C 

c 
e 
C 

C 

I 

SUBROUTINE OFBAR 

TMIS SUBROUTIN! COMPUTES THE STRESSES ANO STRAINS IN THE CONCRETE 
STEEL DUE TO A TE~PERATURE DROP AND/OR SHRINKAGE • 
THE EQUATIONS ARE wRITTEN FOR A FRICTIONLESS SYSTEM 

COMMON IBLOCKII RATI0,TMICK,P,FF,STR1INC,ES,NTP1,U,DI1,UNwT 
COMMON IBLOCK21 SSCI01),AAl,wSCI01),LONGPR,NPRINT,MlXITE,CRlCKw 
COMMON IBLOCKll XBlR,STRSC,STRSB,STRC,IBlBY,ITEB,NEWBlR 
COMMON IBLOCK41 AL(101),STRAIHCI01),CONSTRCI01),STRESSSCI01l 
COMMON 18LOCKSI FEXPCI0),YEXPCI0),FRICMUL,NT,FU,IFY 
COMMON IBLOCKcl ALPHAC,ALPHlS,EC,FPc,TIME,EP,fOL,ITYPER 
COHMON IBLOCKSI YCI01),REFFCI01),VPCI01),M,ICLOSE8,VPITEC1Bl) 
COMMON IBLOCK1~1 F(101),80NOL,Z,OELTAT,STRMlX,WMLSTR,T MlOD,I8ECK 
INTEGER AAA 

HXBAR • 0,5 * XBAR 
IF CZ.lT.0.0R.OELTAT.LT.B,) GO TO 40 
IF CIaECK.EG,I) GO TO 20 

COMPUTE CONSTANTI 

Cl.CRATIO*P)/CI.+RATIo*P) 
CZ*CEI*Z)ICI,+RATID*P) 
C1.CI,-CI)*OIA/C4,*U) 
C4aC2*OIA/C4.*Ul 
IlaCl-Cl*C] 
BB-XBAR*Cl-CI*CC+C2*Cl+C4 
OD •• EI*XBAR*OELTAT*ALPHAS-XBAR*C2+C2*C4 
DELTAaBB*BB-4,*lA*OO 

IF COELTA,LT.e.) GO TO 9. 

C STRSC. STRESI IH THE STEEL IT T~E CRiCK 
C STRaB. STRESS IN THE STEEL BETWEEN CRACKI 
C ITRC. ITRESS IN CONCRETE 
t 

c 
c 

ITRIC.C-S8+COELTA**8,5»/C2,*AA) 
8TRIB-Cl*ITRSC-C2 
STRC·STR8B/RITIO+!C*Z 
B.CITRBC-ITRS8)*OIA/(4.I*UI 

IF C8,lE,1.l GO TO 3. 
IF CB,GT,~) GO TO 1. 
xaARa,00,*B 
N!WBIR.' 
RETURN 

lW IF CB.GE,~X8IR) GO TO 20 
CRAW.CILP~IC*DELTIT+Z)*HxeIR.C8TRC*C~xalR.81)/EC.STRC.B/CEC*2,) 

C~EaCX8IR-Z,*B)*STR8B+CSTRSC+STRS8)*8 
CHECKaC~E.ES*X8AR*OfLTAT*ALP~A8 

* 

IF (A8aCC~ECK),GT,l.E-Z) GO TO 70 

CHECKING THE SOLUTION BY SOLVING FOR CONCRETE STRESS FIRST 
C11.OII/CC,*u*P*P) 
CI2aX8lR*RATIO 
Cll._8AR*ES*Z 
C'4.IL~HAS*XBIR*ES*OElTAT 
OELaC12*C12+4.*Cl1*CCll+(14) 
CONCRES*C-CI2+SQRTCOEl))/C2,*Cl1) 
R2a C-BS-SGRTCOELTA)/C2,*iAl 
R4aCl*RZ-C2 

co 
\.0 



RO.RQ/RATIO+EC.Z 
IF tRo.GT.0) GO TO 5e 
IF (Ri.GT.I) GO TO 5e 
IF CLONGPR.!Q,JHYES) PRINT 130, CI,C2,C3,C~,AA,8B,DD, 

DELTA,DEL,CONCRES 
IF CASICSTRC.CONCR~I),GT.I,E.1) GO TO Ie 

C 
C 
C 

• END OF ABOYE CHECK 

t 
C 
C 
C 

c 

C 
C 
C 

2e 

25 
I 

211 

C 
30 

III 

5111 

Ite 

GO TO a5 
IBECKel 
CI*I.tCI./RATIO) 
ca*(EC/P).COELTAT.CALPHAC.ALPHAS)+Z) 

STRS8*CI./CI)*CCHXBAR*4.*Ul/Cl •• OtA)tfS.ALPHAI.OELTATleCC2/tl' 
STRSC*CHXSAR.4.*U)/Cl.*OIA).ES.ALPHAS*OELTAT 
STRC*C4 •• U• HX BAR.Pl/DIA 
S*CSTRSC.STRISl.DIA/C4,*U) 

IF (S.LT.HXSAR) GO TO 105 
CRA~*(ALPHAC*OELTAT+Z)*H.SAR.(STRC*HXBAR)/(2 •• EC) 
STRARfA.HXSAR*(2.*STRaC.CHXBA~*STRaC)/S+(HXBAR*'TRS8)1B', 

(Z,*fS) 
IF (ASICSTRAREA.ALPHAI*OELTAT.HX8AR).GT.I.E.1) GO TO lee 

ITRMAX.STRC 
STRAINC*STRC/EC 
SONOL·! 
I' CLONGPR.fQ.1MYESl PRINT 121,P,0!LTAT,Z,X8AR,STRSC,ITRI. 

,STRC,EC,S,CRAW 
IFCISECK,[Q,t) GO TO 21 

COMPUTE AREA UNDER ST[EL STRAIN DIAGRAM FOR THE AISUMEO 
'RICTIO~Lf'S IYITfM 

DUMI· .. US"'-II 
,TRAREA.OUMI*ITRIII/ES+(STR811+STRSC).II/C2,.Ell 

IF (ABSCSTRAREA_ALPHAS.DELTAT*Hxe AR ).GT,t,f-1) GO TO toe 
STRMAU8TRC 

ITRAlNC.8TRC/EC 
1I0NDL*a 

COMPUTE CRACK wIDTH av UIING D,E. CONCEPT 

CRwIDTM_Z*BONDL+«ITRSC+ITRI8)/fl.ITRAINC)*80NDL*I,5 
DUMI*(C~A"_CRWIDTH)/CRA. 

IF (ABSCDUMI).GT,0.11) GO TO be 
CONTINUE 

RETURN 

CONTINUE 
PRINT ue, S 

GO TO 110 
CONTINUE 
PRINT 15e, Z,DELTAT 

GO TO 110 
CONTINUE 
PRINT Ib0, R2,R4,Ro 

GO TO 110 
CDNHNUE 
PRINT 170, CRAW,CR.IDT~ 

GO TO 110 

C 

C 

70 CONTINUE 
PRINT 120, P,DELTAT,Z,~8AR,STRSC,STRSB,STRC,lC,8,CRA. 
PRINT 181, C~ECK 

GO TO III! 
816 CONTI NUl! 

PRINT Iii, P,DELTAT,Z,xeAR,STRlc,STRse,STRc,Ec,B,CRA. 
PRINT Iqe 

GO TO 110 
'I" CONTINUE 

PRINT 200 

11111 CONTI .. UE 
PRINT 210 
PRINT 22111, STRAREA 

US CONTINUE 
PRINT 115 
PRINT Ilb,B,~XSAR 

Hill CONT INUE 

115 FOR"AT 
1 

(II,IIIIX,*IN SUBROUTINE DFBAR, 80NO LENGTT~ II-I, 
IIIIX,- NOT GREATER T~AN HAL' THE CRACK SPCING *) 

111t 'OR"AT 
I 

(11,10X,*BONDL **,EIIII,l,I, 
IlIIx,*~AL' XBAR •• ,[le.3,11) 

128 FORMAT 
I 

(II,IBX,* PERCENT RI!INFO~CEMENT 
tex,. TEMP[RATURE DROP 
I~X,* SHRINKAGE 

**,Etlll.3,1, 
**,EI9.3,;' 
•• ,EI9.1,l, 
**,EIII,3,I, 
•• ,fll11,3,1, 
-*,EIIII,3,I, 
•• ,Ell,3,1, 
•• ,EI0.3,1, 
*.,Ell11,3,1, 
.*,EU,3,11) 

i! 
1 
4 
5 

" 7 
II 
CI 

lBX,* CRACK SPACING 
lIX,* IT[EL ITREsI AT CRACK 
IIllX.* ITEEL ITREII BET~EEN CRACKS 
IIX,* CONCRETE STRES. 
10X,* CONCRETE HODULUS 
18X,. DEVELOPMENT LEN8T~ 
10X,. CRACK .IDTH 

130 'ORMAT( 
1 

11,20X,*I" luaROUTINE OF8AR., 
11,11X, * CI. *,EI0.) , 

• C2 •• ,Ell11,) , 
* C) * .,EIIII,3 , 

140 

150 

Ib0 

170 

18C! 

1'1" 
'?01! 

i! 
) 
/I 
5 
It 
7 
8 
CI 

* CII. *,EI',) ,1,10X, 
* AA. *,EIIII.3 , 
* 88. *,Ele.l , 
• 00 •• ,El'.3 ,11,10X, 
• OELTA •• ,EIIII.] , 
* DEL - *,EIIII.3 , 
• CONCRES •• ,EI0,3, ) 

FORMAT (II,IIIIX,-ERROR II DETECTED IN SUBROuTINE DF8~R*,I. 
10X,*80NO LENGT~ IS NEGATIV! AND._,Ell11.1,1, 

2 leX,_PROGRAM II TERMINATED.) 
FORMAT (1I,tex,* E~ROR IS DETECTED IN SuBROUTINE TEMPSHR *, 

I IIIX,* Z • *,£10,3,/, 
2 10X,- DEL TAT - *,Ele.,) 
FO~MAT (/1,18X,*ERADR IS DETECTED IN Su~ROUTINE TE"PSMR • 

I t0X,. STEEL STAESI AT CRACK **,EI8,3,1, 
2 IMX,- STEEL STRESS BfTwEEN CRACK •• ,EIB,3,1, 
3 10X,* CONCRETE STREIS .*,Ell11,3) 

FnRMAT (11,tex,*ERROR IS DETECTED IN THE COMPuTATION OF CR~CK*,I, 
I 10X,* KYOTH FOR THf FRICTIONLESS SYSTEM*,Z(5X,EIB.]» 

FORMAT (//1, t0X,. ROOTS DO NOT SATISFY EQUATION I .,1, IIIIX, 
t * CHEC~* -, EI0.3) 

FORMAT (11,IC!X,* SOLUTYON ONE DOES NOT MATCH SOLUTION T~O *1 
FORMAT (/11.3Rx,.DELTA IS NEGATIVE*) 

\.0 
o 



ill ~ORMAT (/,10X,.SOMETHING IS ~RONG, THE AREA UNDER STEEL STRAIN 01 
1AGRAM IS NOT EQUAL TO ALPHAS *,IH*,* OElTAT .,IH.,* X8AR I 2*,/1 

ile ~OR"AT (11,10X,. AREA UNDER STEEL STRAIN OIAGR'~ FOR 'RICTIONLESS 
ISlAe • *,EI0,3,11) 

END 

SUBROUTINE 'RIC (Fl 
CC 

c 

C 

COMMON ISLOCKII R'TIO,THICK,P,FF,STR'INC,ES,NTPI,U,DI.,UN~T 
COM~ON 18l0CKil SS(1011,A'A,WS(101),lONGPR,NPRINT,~AXIT[,CRACK. 
COMMON ISLOCK31 XBAR,STRSC,STRse,STRC,ISASY,ITES,N[W8 AR 
COM~ON ISlOCK~1 AL(101),STRAIN(101),CONSTR(I~ll,STRESSS(101) 
COMMO~ ISlOCKSI ~EXP(101,YEXP(10"FRICMUL,NT,FU,IFY 
COMMON IBLOCKbl 'LPHAC,ALPHAS,EC,FPC,TIME,EP,TOL,ITYPER 
COMMON ISlOCKSI Y(III),R£FF(101),YP(101),N,ICLOSES,YPITE(III) 
DIMENSION '(101) 
INTEGER A" 

BEVOND • 1,0 
IF(lONGPR.!Q.3HYES) PRINT Ib~ 

I' (IFY,EQ.l) GO TO ~0 
I' (IFY,GT.l) GO TO 'Ie 

8l0P[.'RICMUL 

C COMPUTE ,RICTION FORCES FROM STRAIGHT LINE GR'PH 
C 

c 

DO ]II Ial,NTPI 
, (II n (I l*SLOP£ 

I' (ASS(F(I),L!.'U) GO TO JI 
I' ('(I),GT,0,0) F(I).'u 
I' ('(I).LT,0,e) '(I) •• 'U 

JfiI CONTINUE 
GO TO 135 

C COMPUTE FRICTION FORCE. 'ROM PARASOLA 
C 

C 

C 

40 00 ,e I.I,NTPI 

IF (Y(I),GT,I,) GO TO 50 
'(I).'RICHUL*SQRT(ASS(Y(Il) 

GO TO bl 
5e CONTINU!: 

'(I).·FRICMUL*SQRT(Y(I» 
OIl CONTINU!: 

IF (A8S(F(I»),lE,FU) GO TO 'I 
I' (F(I),GT,I,e) F(I).'u 
I' ('(I).LT.0.9) '(II •• 'U 

8e CONTI~U[ 
IF (LONGPR,[Q,lHY[S) PRINT 180 
GO TO IlS 

'I iii CONTINUE 
C COMPUTE FRICTION FORCES FROM INPUT POINT CURVE 

00 U" IU,NTPI 
00 100 Jal,IFY 

IF (ASS(Y(II).LT.ASS(Y[XP(J))) GO TO 110 
101'1 CC'NfINUE 

8EYONOaSEYONO+I, 
F(U·FEl(P(IFY) 

GO TO lill 
III' COt.lUNUE 

I 2 Ii! CONTINUE 

DU~OUM.(FEXPIJ)·FEXP(J·Il)/(AbS(YEXPIJ)).ASSIYEXP(J.I)») 
F(II.FExPIJ·I)+OUMOUM*(A8S(Y(I)).A8S(YEXP(J-I))) 

I' IY(I).GT.".0) F(I) •• FII) 
13111 CONTINUE 

<.0 
!-' 



135 
C 
C 
C 

150 

C 
H,II 

110 

180 
1911 

"n 

1~(LO~GPR.EQ.3HY!S) pRI~T 170,([.AL(I).Y(I).F(I),I.I,~TPI,NPRINT) 

COMPUTE THE TOTAL FRICTIO~ FORCE 

I~ (BEYOND.GT.0.) PRINT 190, 8EYO~D 
~~ • e.1 

00 IS0 Ial,NT,i 
FFaF~+(~(I)+4.*F(I+I)+'(I+"»*H/J, 

CONTINUE 
IF CLO~GPR.EQ,JHYES) PRI~T "00, FF 

RETUR~ 

FORMATC II,ieN,*IN SUBROUTI~E FRIC*,11 
FORMAT ( 11N,*I*,bX,.ALCI).,1x,.Y(II.,8X,.F(I).,II, 

1 (8X.15,3(iX,E10.J») 
FORMA, ( l,t0X.*FRICTIO~ MDYEME~T CURYE IS A PARAeOLA.,/) 
FORMAT (/I,leK •• I~ COMPuTING THE FRIC'IO~ FORCES FRO" MOVEME~TS.,I 

I, 10X,'5.II,* POI~TS EXCEEDED THE MAX MOY ON F.Y CURVE.) 
FORMAT (/,t0K,* TOTAL FRICTION FORCE a •• EI0,3) 
!~O 

CC 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

SUBROUTINE DF~IREF 

COMMO~ !BLOCKI! RATIO.THICK.P.FF.STRAI~C,ES,NTP1,U.0IA.UNWT 
COMMON !BLOCK21 SS(101).A ••• ~S(101).LONGPR.~PAINT,M.XITE.CR.CK~ 
COMMON !BLOCK11 XBAR,STRSC.STAsa,STRC,IBABy,ITE8,N[W8AR 
COMMON !BLOCK41 ALCI01),STRAIN(101),CONSTR(101I,STR[SSS(1 01) 
COMMON !BLOCK5! 'EXP(le),YEXP(10I,FRICMUL,NT,FU,IFY 
COMMO~ IBLOCKb! 'LPH'C,ALPMAS,EC,FPC,TIME,EP,TOL,ITYPER 
COMMON IBLOCK11 SIGMASC,SIGMASB,~A,~AP1,E,.,S,OENO,NAPl 
COMMO~ IBLOCKSI Y(101I,REFF(101I,YP(1011,H,ICLOSEB,YPITE(101) 
COMMO~ !BLOCKI41 F(101),BONOL,Z,OELTAT,STRHAX,WHLSTR,TMLOO.IBECK 
OIMENSION SUM(tlt) 
INTEGER AAA 

COMPUTE THE STR'INS DUE TO FRICTIO~ FORCES OEVELOPEO 
~UE TO SLAB MOVEMENT 

A.AL(NTPI).BONOL 
IF (A,LE,II,) GO TO 50 

NAU/H+l+EP 
EU··L(N.) 

IF (NA,GT,NT) GO TO be 
IF (LONGPR.EQ,3HYES) PRINT 90, H,eONDL,A,NA,E 

NAP1·Nh, 
NAP2.NUiI 
NAI'l1·NA-l 
NAM"aNh2 
DENO_THICK.(P+I,!RATIO) 

COMPUTE 'HE SLOPE TO THE STEEL STRAIN DISTRIBUTION CURVE 8Y 

DIVIDI~G THE FRICTION FORCE 8Y OENO AND CONSIDERING THE 
SlGN CO~VENTION ADOPTE~ I~ THYS STUDY 

SLOPECI) _. F{II! OEND 
IIUMI_IiI. 
SUM2-e, 

DO "., I.I,NAMt 
8UMI·SU~I+CZ·NA·C2,*I+I».(.FCI)!OENO) 
SUM2-SU"Z+(.'(II!OENO) 

20 CONTINUE 
YF CLONGPR,NE,3HYES) GO TO lB 

PRI~T 100 
PRINT 118, SUM1,SU"i! 

1 iii CDNllNUE 
C 
C D[FINE CONSTANTS FOR SOLUTION OF EQUATIONS 
C 

C 
C 
C 

c 

CI.t,+I./(P.RATIO) 
CZ.«Z+DELTAT.(ALPHAC.ALPMAS»*EC)/P 
ClaFF/CP.TMICK) 
S.·F(NAPIl/DEND 

SOLVE FOR STRESS I~ STEEL BEr~EEN CR'C~S A~D AT CR'CK 

OUHI.ALPH'S*AL(NTPI).DELrAr*ES·M.M.SU~I.8,5.E.H.SUM2. 
1 S*E.E*~,5·CH*SUMl+S.E+C2.Cl).80~DL.0,5 

ANA.NA 
OUM2·H.(2.*'~A.2.).0.5+E+C(I,+Cl)*80NDL)·0,5 

\.0 
N 



C 
C 
t 
t 

C 
C 
C 
C 
C 

C 

IIGMAS8-DUMI/DU~a 
SlGMASC_CI*SIGHAS8+Ca.Cl 

CHECK FOR THE SUMMATtO~ OF STEEL STRESSES UNDER THE 
STEEL DIAGRAM 

Alaccca •• ANA.a.)·8IGMAS8+H.SUMI)*H).1I.5 
A2_C2 •• SIGMASB+2 •• H.SU M2+S.E'·E*II,5 
A)_CSIGHASB+H.SUH2+S.E+SIGMASC).eO~DL·e.5 
DUMI u l+Al+A3 
DUMl.'LPHAI.ALC~TPI).DELTAT.11 
DUH)-DUMI-OUMl 

I' (A8S(OUH1).GT.I.E-4) GO TO 70 

COMPUTE THE STEEL AND CONCRETE STRAIN AT EVERY INCREMENT 
THE STRAt N IS COMPUTED IN THE BONDED AND UN80NDED SECTIONS 

CALL POI REI (LOCMAX) 
IF (LDNGPR.EQ,lHYES) PRINT Il0, SIGHA88,SIG~ASC,STRM.X,LDCMAX 

RETURN 

'SII CONTINUE 
PRINT Ill, A 

GO TO 811 
611 CO~TlNUE 

PRINT 141h NA,NT 
GO TO 8e 

711 CONTINUE 
PRINT 1511, SIGHASC,SIGMASB,DUMI,DUH2,OUM) 

II CONTINUE 
C 

91 'ORHATC II,lIlX,.IN SUIROUTINE DFWIREF., 

l1li11 
110 
1211 

130 

140 

150 

A II,IIIX,. INCREMENT LENGTH _.,EI 4 .7,1. 
I laX,. 80NO LENGTH - •• El~,7,1, 
l IIIX,. NO SLIPPAGE LENGTH -.,EI_.7,1, 
) lex,. NO of INCREMENTS ,NA -.,15 .1, 
A lax,* E - •• EI4,7.11) 
~OIMAT lll,IIIX,. INOEX SLOPE SUMI SUMl .,/) 
FORMAT (/,IIIX,* SUMI _.,EII,S,IIIX,. SUMl •• ,EI~,3,/) 
'ORHAT (II, leX,. STEEL STRESS AT MIDSPAN *.,EI8,3,1, 

1 lex,. STEEL STRESS AT CRACK *.,EI0,3,1, 
2 10X,. MAXIMUM CONCRETE STRESS -.,EI8,),I, 
S 10X,.STATION OF MAXIMUN ITRESS IS .,15,/) 

FOIMAT (II,IAX,.ERRDR IS DETECTED IN DF~IREF.,I, 
I IIX, •• II NEGATIVE AND •• ,EI8,) 

FORMAT (/,20X,. ERROR IS DETECTED .,1, 
I lex,. HA _ .,I'S,IHX,. NT - .,15) 

FORMAT (11,20X, • ERROR IS DETECTED. ,I, 
I lax, • STEEL STRESS AT CRACK 
2 IIIX, • STEEL STRESS BET«EEN CRACkS 
) IIIX, • SUMMATION OF AI,AZ,AND A) 
4 lax, • ALPHA L DELTAT EI 
5 IIIX, • AB8DLUT€ DIFFERE~CE 

END 

-.,EI~,),I, 
•• ,Ell1,3,1, 
-.,EI0,),I, 
_.,EI0,)'/, 
-.,Elil,3) 

CC 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 

SUBROuTINE OFwlRE 

************************ •• **************************************** 
T~IS SUBROUTINE SOLVES FOR T~E STRESS IN THE STEEL _NO 
CONCRETE FOR DEFORMEO wIRE FA8RIC -NO FRICTION FORCES 
ARE CONSIDERED IN THE SOLUTION 

************.***************************************************** 
COHMON IBLOCMII RATIO,THrCK,p,FF,STRAINC,ES,NTPI,U,PIA,UN.T 
COMMON 18LOCKZI SS(IIIII,AAA,WS(1011,kONGPR,NPRINT,MAXITE.CRAC~~ 
COMMON IBLOCK31 XBAR,STRSC,STRS8.STRC,!8ABY,tTEB,NEw8AR 
COMMON 18LOCK41 ALCIIlII,STRAt~(1011,CONSTR(101),STRESSS(11I11 
COMHDN IBLOCKSI FEXP(IIII,YEXP(101,~RICMUL,NT,~u.IFY 
COMMON IBLOCKbl ALPHAC,ALPHAS,EC,FPC,TtME,EP,TOk,tTYPER 
COMMON IBLOCK71 8I'MA8C,SIG~ASI,NA,NAPI,E,A,8,DENO,NAPl 
COMMON IBkOCKBI Y(1011,REFF(IIlII,YP(1011,H,ICLOSEB,YPITE(I~11 
COMMON IBLOCKI41 ~(1011,80NDL,l,D!LTAT,STRMAX,WHLSTR,TM~OD,18ECK 
REAL L 

DEFINE CONSTANTS 

L-e,5.XBAR 
ClaEC.l+EC.DELTAT.(ALPHAC-ALPNA81 
CZ-ALPHA8.L*DELTAT*EI 
C3-BONDL/(2 •• RATIOI+P*L 

SOLVE ~DR STRESS!I 
8TRC-(CI·P·L+CZ*P/RATIDI/C:I 
STRSB-(.CI·80NDL/2.+P*C~)/C3 
STRSC-(C2/RATIO+CI*(L-BONDL/2.I+P.C21/C3 
URMAhSTRC 

CHECk EQUILIBRIUM - EQUATION 

DUHI-STRC+P.STRSB 
DUMl_P·SUSC 

I~ (_8S(DU MI-DU M2).GT,I.E_51 GO TO II 
U.l'oICaSTRC/EC 

RETURN 

111 P~INT 20, 8TRC,STRSB,STRSC,DUMI,DU~2 
21 FORMAT (II, lex,. ERROR IS DETECTED .,1, 

I IIX,. EQuILIBRIuM 18 NDT SATISFIED .,1, 
2 10_,. STRC - .,EI0,3,5X,. STRse • *,EII,l,'SX,. STRSC _., 
:I EIII,3,1,llIx,. DUMI - .,EI0,3,51,. DUM2 - .,EI0,l) 

EHD 

\D 
W 



SUBROUTINE FORWARD CTENSTRN,ZTOT,ZI 
CC 
C ************************_***************************************** 
C THIS SUBROUTINE CALCULATES TH~ TI~E D~PENDENT VARIABLES FROM 
C WHICH THE SLAB RESPONSES ARE COMPUTED, LINEAR INTERPOLATION 
C IS USED TO GET FLEXURAL STRENGTH FROM AGE OF CONCRETE , 
C ********_***************_***************************************** 
C 

C 

C 

COMMON IBLOCKII RATIO,THICK,P,FF,STRAINC,ES,NTPI,U,DIA,UNWT 
COMMON IBLOCK21 SSCI011,AAA,WSCI~ll,LONGPR,NPR1NT,MAXITE,CRACK. 
COMMON IBLOCK11 XBAR,STRSC,STRS8,STRC,IBABy,IT~B,NEwBAR 
COMMON IBLOCK41 ALCI011,STRAINCI011,CONSTRCI011,STRESSSCI011 
COMMON IBLOCK51 FEXPCI01,YEXPCIBl,FRICMUL,NT,~U,IFY 
COM~ON IBLOCK&I ALPHAC,ALPHAS,EC,~PC,TIM~,Ep,TOL,ITYPfR 
CO~MON IBLOCKBI YCI011,RE~~CIBII.YPCIBI),H,ICLOSEB,YPITECIBII 
CO~MON IBLOCKIBI NSTRN,VDS,AGEUC201,TENSIONC201,STRNMUL 
COMMON IBLDCKI11 AGEC81,PERCENTC81,COLDT~,ANTEMP,IBXBAR,COLDSTN 
INTEGER A.A 

I~ CNITRN,GT,0,1 GO TO 10 
00 III 1-1,1 

J-t 
10 I~ CTIME.LE,AGECIll GO TO 20 

GO TO 10 
20 IF CTIME.EQ.ANTEMP.AND.IBXBAR.EQ.ll GO TO 21 

PERCO~-CPERCENTCJl-PERCENTCJ-lll/CAGECJI-AGECJ-111 
PERCO~DPERCENTCJ-ll+PERCOM*CTIME-AGECJ-l1) 
COMSTR-PfRCOM*FPC/I10 
~LESTRND1B00.IC1 •• 12000./COMSTRl 
TENSTRN_~LESTRN*ITRNHUL 

GO TO 01 
21 IF CCOLDSTN,LE,ll GO TO l2 

TENSTRN_COLoSTN 
FLESTRN_TENSTRN/STRNMUL 
COMSTR-CI2B00.*FLESTRNl/C1BB0.-1.*~LESTRNl 

GO TO 61 
II COMSTR-~PC*CI.+~.lq7l*CALOGI0CCOLoTM/ANTE~PIII 

FLESTRN-100B.IC1.+12000./COMSTRl 
TENSTRN-FLESTRN*STRNMUL 

GO TO 00 
11 CONTINUE 

DO 4B I-I,NSTRN 
J-t 

IF CTIME.LE.AGEUCIll GO TO 50 
4B CONTINUE 

GO TO 1B 
50 IFCTIME.EQ.ANTEMP.ANo.IBXBAR.EQ,I) GO TO II 

C CO~PUTE SLOPE BY LINEAR INTERPOLATION 
C 

SLOPE-CTENSIONCJl-TENSIONCJ-lll/CAGEuCJI-AGEUCJ-111 
TENSTRN-TENSIONCJ-ll+SLOPE*CTIME-AGEuCJ-111 
FLESTRN-TENSTRN/STRNMUL 
COMSTR-CI20BB.*FLESTRNl/C30Bg.-3,*FLESTRNl 

GO TO 60 
21 IF CCOLDSTN.LE.01 GO TO lG 

TENSTRN·COLDSTN 
GO TO 25 

24 TENSTRN_TENSIONCNSTRNl*CI,+0.IQ72*CALOGIBCCOLDTM/ANTEMPIll 
25 FLESTRN.TENSTRN/STRNMUL 

CO~STR_CI2~gg.*FLESTRNl/C3000.-3.*FLFSTRNl 
C 

60 CONTINUE 
C 

EC_31,*CUNWT**1.51*SQRTCCOMSTRI 
RATIO~ES/EC 
UDq.5*SQRTCCO~STRl/DIA 

IF CU.GT.80B,1 uaS00. 
SHRN-ZO,*EXPC0.30*V081 
ZDCTIME/CSHRN+TIMEll-ZTOT 

IF CLONGPR,NE.1HYESl RETURN 
PRINT 100, TIME,Z,FLESTRN,COM8TR,EC,RATIO,U 
PRINT 90, J,PERCENTCJl,AGECJl,PERCOM,PERCENTCJ-ll,AGECJ-ll,FPC 
RETURN 

70 PRINT e0, TIME 
C 

e0 ~OR~AT CII,10X,-ERROR IS DETECTED IN SUBROUTINE FOR~ARD*,1,10X, 
I -TI~E ENCOUNTERED IS GREATER THAN MAXIMUM AGE PROVIDED BY THE USE 
2R*I, 10X,*TI~E -*,EI0,l,l, 
1 10X,*PROGRA~ IS TERMINATEO*1 

qe ~ORMATC 40X,*J -*Il,/10X,*PERCENTCJl D*~5.1,1X, 
1 *AGECJl _*~5.1,7X,*PERCOM _*FI0.1,/10X, 
2 *PERCENTCJ-Il -*F5.1,5x,*AGfCJ-ll -*F5,1,5X, 
1 *FPC _*~14,ll 

IBB FORHAT C 11,15X,*IN SUBROUTINE ~ORWARD*,II, 
I IBX,* TI~f *,EI0,l,l, 
2 IBX,* SHRINKAGE *,EIB,l,l, 
1 IBX,* ~LExURAL STRENGTH*,EI0.1,1, 
4 IBX,* COMPRESSIvE STRN *,E1B,l,l, 
5 IBX,* CON MOoULUI *,flB,l,l, 
o IBX,* RATIO *,EI0.1,1, 
1 IBX,* BOND STRENTH *,E1B,l,/l 

END 

\0 
~ 



CC 
C 
C 
C 
C 
C 
C 

C 

C 

SU&ROUTINE 8ACK~'R (TE~STR~,ZTOT,Z) 

*********.* •• ***************** •• **********************--*--_.--._. 
THIS SU8ROUTINE C'LCUL.TES THE TIME DEPE~DENT V.RI.8LES ~RO~ 
THE COMPUTEO STRENGTH O~ THE LINE OF EQU'LITY OF STRESS. 
STRENGTH CURv! , •. _.*_* •. __ ._t*_ ••. ___ .*_ •.••• * __ •••••• _ •••••• ____ •••• __ *t •• _.* __ _ 

CO"MO~ I&LOCKII R'TIO,THICk,P,Fr,STR'I~C,E8,NTPI,U,OI.,UN~T 
COMMON IBLOCKZI SS(t81), •• l,~SCI01),LONGPR,NPRI~T,H.XITE,CR.CK~ 
COMMON 18LOCK]1 X8'R,8TRSC,STRS8,STRC,ISl8y,IT!8,NEN8lR 
COH"ON ISLOCK41 'L(10t),STRAINCI01),CONSTR(181),STRESSS(101) 
COMMON 18LOCK51 'EXP(101,YEXP(10),FRICMUL,~T,'U,IFY 
COMMON 18LOCk.1 'LPHAC,'LPH'S,EC,'PC,TIH!,EP,TOL,ITYP!R 
COMHON 18LOCK81 Y(18t),RE"CI0t),YP(181),H,ICLOSE8,YPITE(101) 
COMMO~ 18LOCkl01 NSTRN,VDS,lGEU(i0),TENSIO~ei0),ITR~MUL 
COMMON 18LOCK131 'GE(81,PERCENT(8),COLDTM"~TEMP,I8X8lR,COLDSTN 
l~TEGER •• , 

l' CNITRN,GT,'.) GO TO 30 
FLE.TR~aTEN.TRN/'TRNMUL 
COMSTRaCIZI10,*'LESTRN)/(3111.-3.*FLESTRN) 
PERCOH.(COMSTR/FPC)*101, 
EC.33.*CUN~T**1,5)*8QRT(COMSTRI 
RATIOaU/lC 
U-q.5*SQRTCCOMSTR)/OIA 

IF (U.GT.801.) Ua80'. 
00 10 l-l,S 

J-I 
II IF CPERCOM.LE.PERCENTCI» GO TO 21 

PRINT 80, PERCOII 
GO TO 70 

ZI TIME-CPERCENTCJ1.PERCENTCJ-l1)/C'GECJ)."E(J.I» 
TI~E·'GECJ-t)+(PERCOM.P!RCENTCJ-I)/TIME 

GO TO biI 

C COMPUTE THE TIME CORRESPONOING 
C TO TENSILE STRENGTM 
C 

C 

II 00 48 Ial,NSTRN 
J-I 

40 I' CTENITRN,LE.TEN8IONCI» GO TO 58 
PRINT q0, TENSTRN 

GO TO 78 

C COMPUTE SLOPE 8Y LINEAR INTERPOLATION 
C 

C 

C 

58 TIME-(TENSIO~(J)-TENSION(J.I»/(AGEU(J)-lGEU(J.I» 
TIME-'GEUeJ-I)+(TENSTRN-TENSION(J-I»/TIME 

bl SMRN.Zb.*EXP(I.3b*~0$1 
Z-(TIM!/(SHRN+TIME»*ZTOT 

I' (LO~GP~.EQ.3HYES) P~INT 100, 'LESTRN,COMSTR,EC,TIME,Z 
RETURN 

7~ CONTINUE 

80 'ORM.T (11,10X,-ERROR IS DETECTED IN SUBROUTINE 8AC~WlRD_,I, 
I IIX,.THE COMPUTED PERCENT COMPRESSION IS 'RElTE~ T~lN T~ 
2E M'XIMU~ PERCE~T AVAIL,SLE-,I, 
3 10X,*PERCOM -.EI0.3,1, 

" 'il1Il FORM" 
I 
2lXI MUM 
3 
/I 

11110 FORMAT< 
l 
I 
i 
3 
/I 

END 

10~,*P~OGRA" 18 TERMINATEO*) 
(11,10X,-ERROR IS DETECTED I~ SUBROUTINE 

10~,_THE COMPUTED TENSILE STRENGT~ IS 
STRENGTH PROVIDED 8Y T~E USER*,I, 

10X,*TENSTRN-*,EI0.l,l, 
10.,*PROGRAM IS TERMINATEO*) 

11,15X,*IN SUBROUTINE SACKwAR*, 
11,lex,* FLESTRN *,EI8,l,l, 

10X,. COMPRESSI~E STR *,EI0.3,1, 
IIIIX,* CON MODULUS *,EI0,3,1, 
IRX,* TIME .,EIR,3,1, 

10X,* SHRIN~'GE .,EII.3,11) 

BlCKlIOlRO-,I, 
GREATER THlN THE M 

\.0 
V1 



SUB~OUTINE OELTEMP (TIME,OELTAT) 
cc 

*******-*************************.*.****************************** 
THIS SUBROUTINE CONTAINS TME INCREMENTAL TECHNIQUE 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

HI 

ZI 

31 

58 

'DR TEMPERATURE TIME DATA, A SINE KAVE IS FIT 
THROUGH EACM OAY, THE ROUTINE MAS THREE OPTIONS, 

OELTEMP INCREMENTS UP 8Y UPINC IF NTIFLAG • 1 
INCRE~EN" OOWN By OOWNINC IF NTIFLA' • -I 
IT GIVES THE TEMPERATURE OROP AT TIME IF NTIFLAG a I 

****************************************************************** 

COMMON /BLOCKi/ SSClil),AAA,wS(111),LONGPR,NPRINT,MAXITE,CRACKW 
COMMON /BLOCKl2/ OTCSB),NTEMP,NTIFLAG,UPINC,OOWNINC 
OA'A PI / 3,1~15~i6535' / 

00 II ITIMEal,NTEHP 
REALTI_FLOATCITIME) 

IF (REALTI.,T.TIME) GO TO Z8 
PRINT 158, OELTAT,T!M! 
STOP 66 
CONTINUE 

IF (TIME"T,REALTI_,75,A.TIHE,LT,REALTI-,IS) GO TO 51 
OELTATaS. 

I'{NTIFLAG) 128,80,51 
CONTINUE 

OELTAT.OT(ITIME)*SIN«TIME-REALTI+.T5)*2,*PI) 
IF (NTI'LAG) 121,8.,51 

CONTINUE 
OELTATaOELTAT+UPINC 

IF (TIME,GT,REALTI-.5) GO TO. ,. 
IF <OEL,AT.GE.OT(ITIME)+UPINC-l.E-7) GO TO ,. 
IF (OELTAT,LE,OTCITIHE» GO TO 10. 

6. CONTINUE 

7111 CONTINUe: 

811 CONTINUE 
RETURN 

OEL TAT.OTCI TIME) 

TIMEaREAL U-.5 

q8 REALTlaREALTI+I, 
ITIMEanIHE+! 
DELTATeOELTAT-UPINC 

IF CITIM!.GT,NTEHP) '0 TO 71 
IF CDELTAT,GE.OTCITIHE» GO TO 61 

!ill I COIoiTINU£ 
TPLuSaA8SCASINCOELTAT/OT(ITIHE)/C2.*PI)-.l5) 

IF CTIME,LE,REALTI-.S) TPLUS.-TPLUS 
TIHE-REALTI+rPLUa-,5 

RETURN 
Ila CONTINUE 

OELTAT-OELTAT-OOWNINC 
IF (OELTAT.GT.e.e) GO TO le8 

OELTATae. 
IF CTIHE.LE.~EALTI-,5) TIHEaREALTI-,7S 
IF CTIME.GT.REALTI-,5) TIHE.REALTI+.lS 

RETURN 
130 FORHAT (* END OF TEMPERATURE ARRAY ENCOUNTE~EO.,/,* OELTAT a.,'&.3 

1,* TIHE •• ,'b.3) 
END 

SU8ROUTINE PLOTEHP CTMSCALE,FINAL) 
CC 
C ********.*****************************.*************************** 

THIS SUBROuTINE 18 CALLED AT THE USERS OPTION TO PLOT C 
C 
C 
C 

C 

10 

TEMPERTURE DROP VS. TIME COAYS). 
******************* ••••• **************** ••• **.*********** •••• *.*** 

COMMON /9LOC~t2/ OTC5e),NTEMP,NTIFLAG,UPINC,00WNINC 

CALL SGNPLT (4LPLOT,FINAL*THSCALE+10.,Z8,1) 
CALL PLT C2.,.75,-3) 

TE"pal, 
00 Ie Ial,NTEMP 

IF COT(II,GT.TEMP) TEHp.DTcI) 
CONTINUE 

TEMP.TE~P+t0.-AMODCTEHP,10,1 
VStALE-0,I*TEMP 

IF (T"8CALE.GT.5,D.TH8CALE.LE,e) T"'SCALE-Z. 
CALL PLT Ce.,t0.,Z) 

2a CONTINUE 
CALL PLT C •• 15,TE~P/YSCAlE,i) 
CALL NUH8ER (- •• ,TEMP/YSCALE-,t,.15,TE~P,0.,·11 

TEMP.TEMP.yaCALE 
CALL PLT C8"TEMP/YSCALE,) 

I' CTEHP,GE,I) GO TO 20 
CALL PLT (0.,1.,) 

TIME.FINAL_AHOO(FINAL,I,) 
CALL PLT (TIME*TMaCAlE,e"l) 

sa CONTINUE 
CALL PLT CTIHE*THSCALE,-,15,i) 

IF (A"00(TIME,I.I.GT.l.E-61 GO To Qa 
CALL NUHBER (TIME.THSCALE_.1,_.3,.15,TIHE,0,,_11 

4a CONTINUE 
TIME-TIME_.5 

CALL PLT CTIME.TM5CALE,I,,3) 
IF (TIHE.GE.I) GO TO 30 

CALL SYMBOL C5.,b".3,33HPLOT 0' TEMPERATURE DROP VI, TI"'E,0,,33) 
CALL SYMBOL Cb.tS,5".S,2)HAS USED IN CRCP PROGRA",e"l31 
CALL SYM80L C5.,-.6,.l,15HTIHE (I~ OAYS),8"t5) 
CALL SYMBOL C-l.,I.,,2,38HTEMPERATURE DROP (OEGREES 'AHRENHEIT), 

I Q0 .. 38) 
CALL PLT (1,,0.,31 

TI ME_0. 
NTIFLAGaii 

CALL PLT CCTIME+.251*THSCALE,0.,Z) 
U"EaUME+,ii!75 

51! CONTINUE 
CALL OELTEHP (TIME,DI 
CALL PLT (TIME*THSCALE,D/YSCALE,ZI 

TI~E·TI"E+,0Z5 
IF CAMODCTIHE,I,I.LT.,75) GO TO sa 

IF CTIHE,GE.FINAL_AMOOCFINAL,I,I_.l51 TIME.TIHE-,lQ76 
CALL PLT C(TI~E+,~15'*TMSCALE,a.,2) 

TI~E.TIME+,~75 
IF (TIME,LT,FINAL.AMO~(FINAL,I.I) GO TO 5i1 

CALL E"OPL r 
RETURN 
E'IO 

l.O 
0'-



CC 

C 

SUBROUTINE POIR!S CLOCHAX) 

COMMON IBLOCKII RATIO,T~ICK,P,FF,STRAINC,!S,NTP!,U,DIA,UNWT 
COMMON 18LOCKil SSCI01),AAA,WSCI01),LCNGPR,NPRI~T,MAXITE,CRAC~W 
COMMON IBLOCK31 X8AR.STRSC,STRse,STRC,18A8V,ITEe,NE~8AR 
COMMON IBLOCK41 ALCI0!),STRAINCt011,CONSTR(t9t),STRESS8CI01) 
COMMON IBLOCK51 FEXPCI8),Y!XPCt0),FRICMUL,NT,'U,I'V 
COMMON IBLOCK&I ALPHAC,ALPHAS,EC,'PC,TIME,EP,TOL,ITYPER 
COM~ON IBLOCK71 8IGMASC,SIGMASB,NA,NAPI,E,A,S,OENO,NAPi 
COMMON IBLOCKSI YCI01),REF'CI01),YPCI8t),H,ICLOSEB,YPITECt BI) 
COMMON 18LOCK141 FCI8tl,BONDL,Z,OELTAT,STRMAX,WHLSTR,TMLOD,I8ECK 
DIMENSION $UM(101) 
INTEGER AAA 

HH a II,S * H 
naNAPl! 
$U M3a 8. 
8UM.all. 

IF CIBECK,Eg,!) GO TO 55 
STR£SSSCI)aSIGMAS8 
SSCI).STRESSSC!I/!S 
STRAINCllaSSCII+Z+DELTAT*CALPHAC-ALPHASI 
CONSTRC!laSTRAINC!)*EC 
LOCMUat 
STRM_xaCONSTRct I 

DO i8 Iai,NA 
STRE8SSCI).STR[SSS(I-I)+H*C-'CI)/DfNO) 
aSCII.STRESSSCI)/ES 
$TRAINCIlaSSCI)+Z+DELTAT*CALP~AC-ALPHAS) 
CONSTRCI)aSTRAIHCI)*EC 

l' CCON8TRCI).LT.STRMAX) GO TO 18 
STRHUaCONarR C 1) 

iiI CONTINU! 
LOCHAUI 

8UMlaSUH1+CSSCI)+SSCI-t)I*HH 
SUM.aSUM4+CSTRESSSCI)+STRESS8CI-\I)*HH 

i8 CONTINUE 
ADOIaSTRESSSCNAI+S*£ 
AOOIARaCSTRESSSCNA)+ADOI)*E*II,S 
SUMlaSUM1+CAODIAR)/E8 
SUM4aSUH4+AOOIAR 
SLOPEl!aCSIGMASC-ADDII/80NDL 
AODIcaAOOI/ES+Z+OELTAT*CALPHAC-ALPHAS) 
SLOPfCCa-AODI/BONDL 
STRESSSCNAPllaADOI+CALrNAPI)-AI*SLOPEi 
SSCNAPllaSTRESSS(NAPII/ES 

STRAINCNAPllaADDIC-FCNAPII*H/CT~ICK*EC).CSTRESSSCNAPII-AOOII*P/EC 
CONSTRCNAPllaST~AINCNAP1)*EC 

IF CCO~8TRCNAPI),LT.STRMAX) GO TO le 
STRMAxaCONSTRCNAP1) 
~OCMAX.NAPI 

lil CONTINUE 
SUM.aSUM4+(STRESSSCNAP1)+AODI)*CAL(NAPII-AI*0.5 
SUM1·SUM1+CSTR!SSSC~APll+'DOI)*(ALCN'PII-A)/(i.*ESI 

If CNA,EG,NT) IIaNAPI 
DO 50 IaII,NTP! 

ST~ES8SCI)aAOOI+CAL(I).A)*SLOPEl! 
SSCII.STRES8S(!I/ES 

STRAINClla8T~A!N(le!)-FCI)*H/(THICK*EC)-CST~ESSSCI)-STRESSS(I-Ill* 
1 P/EC 

C 

C 

C 

CONSTR(IlaSTRAINC!I*EC 
IF CCO~8TR(I).LT.STRMAX) GO TO 49 

STRMU-CONSTRC II 

110 CONTINUE 

50 CONTINUE 

LOCMU.I 

Su~laSUM1+(SSCII+SSClelll*HH 
SUMlla8U~4+CSTRESSSCII+STRESSSCI-t)I*MH 

fiD TO 58 
55 SSPIN·SIGMASC-CALCNTPtl*CSIGMASC-SIGMASBII/80NOL 

SLoPaCSIGMASC-SIGMASBI/BONOL 
SLOPKaCSIGMASC_SBPINI/ALCNTPI) 
OUMPaABSCSLOPK-SLOPI 

IF COUMP.GT,I.E e5) GO TO .5 
STRfSSSCO·S8PIN 
SSCllaSTRESSSCll/ES 
IIGMACMaFF/TMICK+C",*AL(NTPII*U*PI/OIA 
CONSTRCI)·SIGMACM 
STRAINCI)aCONSTR(II/EC 
LOCMAXal 
STRMAXaCONSTRC 1) 

DO 57 lai,NTPI 
8TRESSSCllaAL(I)*8LOP+STRESSS(I) 
8SCIlaSTRE8SSCIl/ES 
STRAINCllaSTRAIN(I)*(I.-ALCII/ALCNTP1» 
CON8TRCllaSTR,INCII*EC 

IF (CON8TRCII.LT.8TRMAXI GO TO 5& 
ITRMAXaCONSTRCl1 
LOCMUal 

5. CONTI"'UE 
SUMlaSUM1+CSSCII+SSCI_lll*HH 
SUM4aSUM4+CSTRESSS(II+STRESSSCI-lll*HH 

51 CO~TINUE 
58 I'CICLOSEe,ED.l.A~D.TIME.G£,TMLODI 8TRMAX_STRMAX+WHLSTR 

IF (LONGPR,NE,l~Y!SI RETURN 
PRINT 70, AOOI,ADOIC 
PRINT 80 
PRINT 9~, C(I,ALCII,STRESSS(I),SSCI),CONSTRCII,STRAINCIII,lal, 

I NTPI,NPRI~TI 

RIfiHTOaALPHAS*O£LTAT*ALCNTPII*ES 
PRINT 100, SUM1,SUM4,RIGHTD 
PRINT 110 

CALL SIMPSPf CSS,NTPI,H,SUM) 

DO .0 Ial,NTPI 
wS(llaSUMCII.CALPMAS*OELTATI*ALCII 

&II CONTINUf 
PRI~T 120, CCI,ALCII,SSCII,SUMCII,wSCIII,Ial,NTPI,NPRINT) 
RE ru~N 

&5 PRINT .A,PU~P 
&7 CONTINUE 
bS 'ORMATCII,10x,*ERRO~ IN POI~ES,OUMPa*,Ele,ll 
7~ FORHAT(II,3~X,*lN SUBROUTINE POIRES*, 

I II,i0X,*AOOI -*,EI0,3,10X,*AOOIC a*,El0,l I 
80 FORMAT CII,t~X, * INDEX DIST'NCE STEEL STRESS STEEL ST~AIN CON 

I STRESS CON STRAIN *,/1 
9~ FORMAT (I~., IS ,SCix,EI0,lll 
I~~ FORHlT (11,I~x,.SUM OF AREA UNOER STEEL STRAIN DIAGRAM .*,EI0,3,1, 

\D 
-....J 



1111 

till 

I 10K,*SUH 0' AREA UNDER STEEL STREse DIAGRAM •• ,EI0,3,1, 
Z lI1K •• RlGHT QU4~TITV •• ,£10,3//) 

FORMAT (111.15K.* MOVEMENT 0' STEE~ BEFORE CO~CRETE CRACKS *,11, 
1 IlIx,. IND!X DISTANCE STE,STRAIN SUM STEEL MOVE*I 
z) 

'ORHAT 
END 

(1IIX,15,4(ZX,EI0.]» 

CC 
C 
C 
C 

C 

C 

SUBROUTINE SIHPSPE (V,N,H,BUM) 

THIS SUBROUTI~E COMPUTES THE AREA UNDER A OIST~IBUTION USING 
SIHPSONS RULE wITH A SPECIAL MODIFICATION 

DIMENSION V(N),SUM(N) 

DO III I-l,N 
10 SUMCI) • 0,11 

00 Z0 

Ala(V(I)+V(Z»*H*0,5 
AOLDut 
!lUM(2)UOLD 
NMtaN-t 

hZ,NMI 
AsaCV(I_l)+4.*V(I)+V(I+l»*H/3 
UAS-.OlD 
8UMCI+l).SUMCI)+A 
AOL.D-. 

Z0 CONTINUE 
RETURN 

END 

..0 
ex> 



cc 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

Ie 

21 

:se 

40 

5e 

C 
&0 

SUBROUTINE GETME (XI,YI,X2,YZ,FOUTl 

***************************.*.************************.---*.-*-••• 
T~IS SUBROUTINE SOLVES FOR THE POINT OF INTERSfCTION 0' T_O 
STRAIGHT LINES , WHERf ONE OF THE LIHES IS YaX • 
THIS VERSION 0' THE pROGRA~ JOINS THE NEW POINT TO THE pOtNT 
ON THE OTHER SIDE 0' THE Yax LINE. 

************.************.*.********.***********.*****.-.*._._-_ •• 

pSX AND PIV ARE STORED VALUEI 
SELOW THE EQUALITy LINE 
STX ANa STY ARE STORED VALUES 
ABOVE THE EQUALITY LIN! 

COMMON IBLOCKZI SS(lel),AAA,WS(101),LONGPR,NpRINT,MAXITE,CRACKW 
COM~ON IBLOCK91 STX,STy,PSx,pSY,ITE 

IF (ITE.EQ,Zl GO TO Ie 
IF (XZ-V2) 20,2e,40 

CONTINUE 
DUJoIXZ_PSXaX I 
DUJoIv2aPSUYI 

GO TO 30 
CONTINUE 

CONTINUE 

OUllx2aPSX 
OUMy2.psy 

DUMX I-snnz 
DU~Y I-S n_y Z 

GO TO 50 
CONTINUE 

OUMl( I-STX 
DUMYI.ITY 
DUMXZ-pax.XI 
OUMY ZaPS U yz 

CONTINUE 
'OUT.(OU~XZ·DUMYI-OU~Xl·DUMVZ1/C(DUMXZ-OUMXI)-(OU~Y2_DUMV1» 

IF(LONGpR.EQ,lHYES) .RINT •• , ITE,OUMXI,DUMYI,DUMXZ,OUMYZ,FOUT 
RETURN 

FORMAT 
I 

CII,10X,. IN SUBROUTINE GETME .,1, 
leX,. ITE -.,15,1, 

Z 
1 
4 

END 

10x,. DUMXI -.,Ell,l,10X,. DU~YI -.,[10.l,l, 
lex,. DUMx2 -.,EI0,l,le)(,* DUHY2 -.,!10.3,1, 
lex,. FaUT -.,[10.3,/) 

CC 
C 
C 
C 
C 
C 
C 

C 

SUBROUTINE STRGENE CBONOl) 

-----------------------------.-._-_.-•• _.---------_._----_ .•. --*-THIS SUBROUTINE GENERATES TM! STRAIN IN THE CONCRETE AT 
EVERY 8TATION IN TM! FRICTIONLESS SLAB • 
RESULTS OF SUBROUTINE TEMPSHR ARE USED -C NO FRICTION) 

******.*****************.***************************************** 

COMMON 18LOCKII RATIO,T~ICK,p,FF,STRAINC,E8,NTpl,U,DIA,UN~T 
COMMON IBLOCKil S8(1011,AAA,~SI181),LO~QpR,NPRI~T,MAXITE,CRACKW 
COMMON IBLOCKll XBAR,STRSC,STRSB,STRC,IBABV,ITEB,N!WBAR 
COMMON IBlOCK41 A~(lel),STRAINCI81'.CONSTR(181),STRESSSCI01) 
COMMON IBlOCK51 FEXpI101,YEXPCle),FRICMUL,NT,FU,I'V 
COMMON IBlOCK~1 ALPHAC,ALpHAS,EC"PC,TIME,Ep,TOL,ITYPER 
COMMON IBlOCKSI Y(181),REFF(lel),YPCI01),H,ICLOSEB,ypITECI01) 
INTEGER AAA 

Aae.5·XBAR-BONDl 
HHa.H 

00 ze I-I,NT.I 
STRAIN(I)-STRAINC 
AL (I) aHHH' 
HM-ALII) 

IF CAl(I).GT.') STRAIN(I)aSTRAINC - STRAINC.CALII)-A)/BONOL 
I' CA.lE,0.) STRAIN(I)aSTRAINC-ISTRAINC*AL(I).2.)/XBAR 

CON8TR(I)aSTRAIN(I'·fC 
Z8 CONTINUE 

c 

I' ILONQPR.NE,3MY[S) RETURN 
PRINT 1I 
p~INT 40, CCI,AL(I),STRAINCI),CONSTRII),I.I.NTpl,NpRI~T) 
PRINT ,e, NTPI,A,H 
RETURN 

II FORHATC II,Z8X,.IN SUBROUTINE STRGENE., 
I II, leX,. INDEX OISTANCE CON STRAIN CON STRESS .,/) 

qe FORMAT Ilex,15 , lczx,Ele.l» 
50 FORMAT (/,28X,. NO. OF POINTS .,15,1,2IX,. BONDED LENGTH a., 

I Ele.l,l,zex,. INCREM!NT LENGTH -.,EII.3) 
END 

\D 
\D 





APPENDIX 2 

EXAMPLE PROBLEMS 





PROS 
A-1 

CRCP-? TESTING 
EXAMPLf PRORLEM FOR CRCP-? TE~TJNA 

ROND LE~IGTH > 1 12 ~BAR. FIRST WITH LOW F'-~ CURVE 

.. .. .. 

STEtL PROPERTIES 

TYPE OF LONGITUDINAL RfINFORrE~E~T IS 
flEFORI-1EO RARe; 

PgRCENT REINFORCEM~NT = 7.0QOE- n1 
RAR nIAM~TER = 6.000E-~1 
YIELn STRESS = ~.OQ9E+0~ 
tL.STIC MOOULUS = q.OOnE+n~ 
THERMAL COEFFICIENT = ~.OO~E-O~ 

CONCRETE PROPERTIE~ 

SLAB THICKNESS = 1.0~OF+Ol 
THERMAL COEFFIrIENT = ~.O~OF.-O~ 
TOTAL ~HRINKAGE = 4.000E-04 
LIt-lIT WEIGHT CO""CRETF:= 1.~00F+O? 
COMPRE~SIVE STRENGTH= 2.~OOE+03 

TENSILE STRENGTH nATA 
.......................................... 

NO TENSILE STRENGTH DATA IS TNPUT By USER 

.. .. .. 

.. .. .. 

THE FOLLOWING aGE-TENSILE STRENGTH RELATTONSHIP 
I~ USEn ~HIC~ IS RASED ON THF RECOMMENDATION 
GIVEN RY U.S. RUREAU OF RECLAMATION 

AGE, TENSILE 
(DAYS) ~TRENGtH 

0.0 
1.0 
3.0 
s.o 
7.0 

14.0 
ttl .0 
2~.O 

0.0 
85.7 

191.9 
;'.48.8 
fiB?'; 
~3A.A 
370.1 
:184.6 

103 
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.. 
* 

SLAR-RASE FRICTION CHARACTEPISTICS 
F-V RELATIONSHlP 

* * 
************************************************ 

TYPE OF FRICTION CURVE IS A STRAIGHT LINE 

MAXI~UM FRICTION FORCE= 
MOVEMENT AT SLIDING = 

1.00oe 
-.1000 

****************************** 
* * 
* TEMPERATURE DATA * 
* * 
*0**************************** 

nAY 

1 
2 
3 
4 
S 
6 
7 
B 
9 

10 
11 
Ii' 
13 
14 
15 
16 
17 
1A 
19 
20 
21 
22 
23 
24 
25 
?6 
21 
28 

CURING TEt-1PF.RATURE= 71:,.0 

MIMIt-1UM I")ROP IN 
TEMPfRATUPE TFMPEPATUPE 

12.0 3.0 
~9.0 6.0 
~3.0 2?(I 
53.0 2?O 
F,O.O 1'3.0 
F,5.0 10."0 
154.0 21.0 
15.0 60.0 
c;9.0 1A.1) 
?o.o 5S.0 
50.0 25.0 
'30.0 ?5.0 
1;.0 60.0 
54.0 21.0 
10.0 45.0 
':;9.0 16.0 
p:;.o 60.0 
C;4.0 21.0 
.:;3.0 22.n 
'54.0 21.1) 
69.0 1'-.0 
?2.0 53.0 
56.0 1Q.O 
:fo ~O 45.0 
~2.0 43.0 
43.0 32.0 
~6.0 1Q.O 
C;7.0 1A.O 

MINJ~UM TEMPERATURE EXPECTED AFT£P 
CONCRETE GAINS FULL STRENGTH 
DAV5C-FiEFOPE REACHING MIN. TEMP. 

= 0.0 D~GPEES FAH~ENHEIT 
= 2R.0 DAYS 



* 
* 
* 

E.T~RNAL LOAn * 
* 
* ************************************************ 

W~EEL LOAn STRESS (PSt)c n. 
LoAD APPLIEO AT = ?A TH DAY 

************************************************ 

* * 
* 

TTERATtON ANO TOLERANCE ~O~TROl * 
* 
* 

************************************************ 

MA~tMUM ALLOWABLE Nl~BEP of tTERATtnN~= 30 

RELAT!VF CLnSURE TOLEPANr.E= \.0 pERC~NT 

105 
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CPCp-? TESTINr, 
EXAMPLE PRORLEM FOR CRCP-? TE~TINr, 

PROB 
A-f ROt-m LHIGTH > II? XBAR, FIRST WlTH LOW F-M CURVE 

TIME TEMP 
([lAYS) /"lROP 

.50 
'.33 
,.50 
?29 
?3A 
?40 
?42 
?45 
?50 
3.50 
4.50 
C;.50 
6.33 
~.45 
6.50 
7.31 
7.34 
7.34 
7.38 
7.40 
7.46 
7.50 
R.50 
9.30 
CI.33 
9.36 
9.41 
CI.50 

;:.50 
1,.50 
;;:'.32 
'?35 
17.38 
1?43 
1?50 
;3.50 
14.~3 
14.37 
14.43 
14.5(1 
ic;·5o 
16.29 
16.32 
16.35 
,,,.39 
If,.44 
1f'1.50 
17.50 
18.45 

3.0 
3.0 
6.0 
6.\1 

, b. Q 

1A.2 
l Q .O 
2le 1 
22·0 
22.0 
15.0 
10.0 
Ifl.O 
2rt.O 
21.0 
21.0 
31.0 
32.9 
42.9 
48.0 
58.0 
fd). 0 
16.n 
16.0 
26.0 
36.0 
46.0 
C;S.O 
25.0 
?5.0 
25.0 
35.0 
45.0 
55.0 
~o.o 

21.0 
i? 1 .0 
31.0 
41.0 
45.0 
16.0 
16.0 
i?6.n 
36.0 
46.0 
56.0 
f,0.0 
i?1.0 
21.0 

DRYING TENSILE CRACK 
~HRtNKAGE StRGTH SPACTNG 

1.814E-06 
4.802r:-06 
'.394F-06 
R.190F-06 
A.490E-06 
R.576P::-06 
R.617f-C6 
8.753[-06 
R.910F.:-06 
J.236f-(;5 
1.576F-(l5 
1.9091:-05 
?181F-05 
2.2211:--(15 
?217E-05 
?4Q7E"-o5 
2. 507F"- (\5 
2.509E-1)5 
?.520f-rC; 
2.526E-f)5 
2.546f-1'5 
?5':;9E-"5 
?876F-05 
3el24E-n5 
1.114F-05 
1.145E-(l5 
3.1C;AF-05 
1.1A7f-r5 
3.4c:)3r:-(5 
1.794F-()5 
4.0371:-05 
4·046F-05 
4.0S7f-(,5 
4·071F-05 
4.090E-(15 
4.382F-r,5 
4~619f-"5 
4.632f-05 
4~649F-05 
4.668F.-(,5 
4.-9C;1E-05 
5.171E-1)5 
5.119E-r5 
5.11138E-(l5 
5.198[-05 
5.2121:-05 
i; ~-228-f--05 
C;.501[-05 
S.7C;8[-{l5 

44.R 
105.3 
114.A 
157.4 
161.7 
163.0 
161.fI 
16C;.5 
167.f\ 
201=,.9 
231).4 
257.C; 
271.£-
273.F, 
274.4 
28C;.2 
285.4 
28C:;.C:; 
28C;.A 
286.0 
286.C; 
2A6.Q 
29C;.4 
30?1) 
302.3 
302.6 
30?Q 
30~.7 

311.Fl 
319.A 
326.1 
326.4 
326.6 
327·0 
327.5 
33C;.1 
34,).4 
340.6 
340.9 
341.? 
345.R 
349.4 
349.5 
349.7 
349.A 
350.1 
350.3 
354.8 
359.1 

4800.0 
4800.0 
4ROO.0 
4800.0 
4ROO.0 
2400.0 
1200.0 
600.0 
600.0 
600.0 
600.0 
600.0 
6/)0.0 
600.0 
600.0 
600.0 
600.0 
300.0 
100.0 
150.0 
l~O.O 
lC;O.O 
150.0 
lC;O.O 
150.0 
150.0 
lC;O.O 
150.0 
IS0.0 
lC;O.O 
lC;O.O 
lC;O.O 
150.0 
150.0 
150.a 
150.0 
150.0 
150.0 
150.0 
150.0 
1C;0.1) 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
IS0.0 
150.0 

r.RflCK 
WInTH 

C;.727E-04 
9.747E-04 
?.72rE-03 
"3-C;841:-(l3 
1.1'.44E-,.,2 
1. A6JE-Oi? 
1.784E-02 
1.719E-02 
1.R3I=1E-,,2 
?06C;E-02 
1.14~E-02 
A.Q56E-03 
9.75I=1E-03 
?271E-02 
?421E-02 
?53~E-02 
4.10?E-02 
?C)11E-f\2 
1.96C;f-02 
?681E-02 
1.100E-02 
1.427E-02 
A.79AE-(l3 
Q.101E-,,3 
1.465E-02 
?o5nE-n2 
?65"E-ni? 
"h?1F,E-02 
'.4C;7E-02 
1.49RE-02 
1.C;31[-02 
?.121E-02 
?73iE-02 
3.15SE-02 
'-."nE-02 
1.34AE-02 
1.:HAE-02 
1. Q65E-02 
?-.C;73E-02 
?A2?E-02 

-'.137E-02 
1.164E-02 
1.741E-02 
?14?E-02 
2.959E-02 
1.C;9r,E-02 
3. A46E-· 02 
1.49r")E-02 
l.C;23E-(l2 

MAX.1MUt-4 
CONCRETE STRESS IN 

STRESS THE STEEL 

1.394E+01 
?C;9SE+01 
4.8S3E+01 
6.26f1E+nl 
1.45RE+02 
1.C;nE+02 
1.C;22E+02 
1.48f1E+02 
1.541E+02 
1.749E+02 
1.470E+Q2 
1.23C;E+n2 
1.313E+02 
2.014E+02 
2.083E+0i? 
?159E+f\2 
?7S8E+02 
?30RF+02 
2.697F:+(l2 
?211E+02 
2.456E+02 
?C;04E+02 
1.280F:+02 
1.313E+02 
1.667E+02 
1. 973E+n2 
?247f+n2 
?4761:+02 
1.F,81F:+02 
1.721E+02 
1.75::1E+oi? 
?06C;E+02 
7.144E+02 
?600[+02 
2.72?E+02 
1.66?E+02 
1.691f+f\2 
2.020E+02 
2.312E+(l2 
?423E+o2 
1.54C;E+(l2 
1.56~E+02 
1.920E+02 
??28E+0i? 
2.50C;E+02 
?761E+02 
?ffs9E+02 
1.787E+02 
1.RlSE+02 

2.108E+03 
3.7991=:+01 
7.0C;9E+03 
9.0161:+03 
2.051E+04 
2.246F:+(,4 
2.211E+04 
2.175F"+04 
2.258E+04 
2.546F+(l4 
2.13,;1=:+04 
1.7R7E+n4 
1.8971:+04 
2.911E+04 
3.009E+04 
3.115E+04 
3.976[+04 
3.346E+04 
3.9'19F+04 
3.211F:+04 
3.5~7E+n4 

3."371:+04 
1.A47E+04 
1.R92F:+04 
2.4091:+04 
2.BS6E+n4 
3.2C;5E+n4 
3.5A81:+(l4 
2.4251:+"4 
2.479E+04 
2.5?3[+04 
2.977f+(l4 
3.3A41:+04 
3.7C;6E+1)4 
3.934[+(14 
2.3~6F+04 
2.425E+04 
2.904E+04 
3.330£+04 
3.491E+04 
2.209E+04 
2.242E+04 
2.7C;3E+04 
3.201E+04 
3.6051::+04 
3.976E+04 
4.1l9E+04 
2.556E+Q4 
2.594E+04 
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18.50 ?2.0 S.771E-(\5 359.3 150.0 1.583E-(l2 1.851E+n2 2.646E+(l4 
19.50 21.0 ~.015E-1'5 

.. 

363.6 }50.0 1.S5QI:-1'l2 1.A45E+02 2.635E+04 
2;'.5~ 6.0 6.2C)6E-05 367.9 1150.0 7.5(\OE-03 1.286E+02 1.8)91:+(14 
2;.27 "'.0 ~.4C)4F-I'S 370.6 150.0 7.73')E-03 1.30Q E+02 1.A50E+04 
2;.30 16.0 f1.S02f-05 370.7 11i0.0 1.32QI:-02 1.717E+1'I2 2.4431:+04 
2;.33 26.0 f,.SlOF-05 370~P 150;0 1.9lf,F-fl2 ?06'3E+02 2.9461:+04 
2'.37 36.0 6.520F-f)5 370.9 \50.0 2.5251:-02 ?'36RE+02 3.390E"+(l4 
2;.42 46.0 f,.532E-f)5 37}.0 1r:;0.O '.14 Q E-02 2.646E+0::, 3.7931:+fl4 
2,.50 53.0 ".553f-(l5 37}.1 150.0 ,.5941:-0 2 ::,.R2RE+02 4.058E+04 
2?5C 19.0 6.806F-('5 313.3 1C;0.0 ).53QE-02 1.B53E+O? 2.638E:+04 
23.32 19 .0 7.0101:-05 375.0 150.0 1.r:;64F.:-02 1.R7?E+02 2.663F.+Q4 
23.36 79.0' 7.021E-~5 375;1 150~O ?i6?E-02 2.201E+02 3.143E+04 
21. 42 39~O 7.034f-05 375.2 lC;o.n ?77~E-02 ?49FlE+02 3.571E+04 
23.50 45.0 7.0C;5F-05 3715.3 150.0 1.157E';"02 2.Fl62E+02 3.8111:+04 
24.50 43.0 7.300F-05 377.4 150.0 1.064E-02 ".62AE+02 3.7FlOE+04 
2c:;.50 32.0 7.542E-05 379.5 1150.0 ?41'E-02 2.337E+02 3.334F+(l4 
26.50 ) 9.0 7.7AOE-05 381.6 150.0 1.659E-1)2 1.942E+02 2.7';8E+04 
27.5(' 18.0 A.015F-05 383~6 150.0 ;.62QE";02 1.928E+02 2.7~6E+(l4 
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AT THE END OF THE AN~LYSTS PERTon 

CRACK gPACING = e.?03E+00 F~~T 
CRACK WIDTH = 6.509E-O? TNrHES 
MAX CONCRETE STRESS= 3.A60E+02 P~T 
~AX STEEL STRESS = 5.?5AE+04 PST, 
CONe.TENS.STRENGTH = 3.A4~f+O? PST 

STA
TTON 

1 
2 
3 
4 
5 
6 
7 
A 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
?e 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
1j:\ 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

DIS
TANcE 

0.0 
.5 

1.0 
1.5 
2.0 
2.5 
3.0 
3.4 
3.9 
4.4 
4.9 
5.4 
5.9 
6.4 
6 .. 9 
7.4 
7.9 
8.4 
8.9 
9.4 
9.8 

10·3 
10.8 
11.3 
11.8 
12.3 
12.8 
13.3 
13.8 
I4.3 
14.8 
15.3 
15.7 
16.2 
16.7 
17.2 
17.7 
18.2 
18.7 
19.2 
19.7 
20.'2 
20.7 
21.2 
21.7 
22.1 
22.6 
:f3: 1 
23.6 
24.1 

CONCRETF 
MOVEMENT 

o. 
-3.188(-04 
-6.375E-04 
-9.563E-04 
-1_.275E:-9 3 
-1.594E-03 
-1.913E-03 
-2.23H:-03 
-2.550F.-03 
-2.S69E';;'03 
-3.J88E-03 
-3.506f-03 
-3. A25E-03 
-4.144f-03 
-4.463E-01 
-4.7A2F.;;'03 
-5.IOOr.-03 
-5.419E-03 
-5.7)8E-03 
-6.057E'-03 
-6.375E-('I3 
-6.694E'-03 
-7 • 1)1 3 E- 0 3 
-7.332E;;'03 
-7.651[-(13 
-7.969f-03 
-8.2R8E-(l3 
-8.607E-03 
-8.926F-03 
-9.244F-03 
-9.C;63E-03 
-9.8A2E-03 
-1.(l20E-02 
-1.C52E-02 
-1.M~4E-02 

-1.1161=:-02 
-1.148E-02 
-1.179E-02 
-1.211E-02 
-1.243E'';;02 
-1.275E-02 
-1.307E~02 
-1.339E-02 
-1.371E-02 
-1.403E-02 
-1.4341:-02 
-!~4~6~~O? 
-1.498E-02 
-1.530E-02 
-1.562E-02 

FRTCTToN 
FORCE 

0 .. 
3.1ME-n3 
~.376E-03 
9.C;64E-03 
J.27SI:-02 
1.r;94E-02 
1.913f-02 
Z.?32E-02 
2.550F.-02 
2.A69f-02 
3.188f-02 
3.r;07F.:-02 
3.B26E-02 
4.)44F.-02 
4.463F-02 
4.7~2E-02 
5.101E-I)2 
5.420f-02 
5.n8f-n2 
6·0571:-02 
6.176E-02 
6.695[-02 
7·0)4E-02 
7.332F-02 
7.651F-02 
7.Cl70E-(l2 
8.2A9E-02 
~.60AE-02 
S.Q26E-02 
CI.?45E-(l2 
9.564F-~2 
9.~A3E-~2 
1.0201:-01 
1.05?E-nl 
1.0A41:-{ll 
1~ 116F- f\ 1 
1.148E-Ol 
1.1AOE-Ot 
1.211F.-ol 
1.?43E-Ol 
!.??5E-Ol 
1.307F-Ol 
1.139E-ol 
1.'371E-ol 
1.403E-Ol 
1.435E-Ol 
1.467E-Ol 
i.49~E-Ol 
1.530E-Ol 
1.5621:-01 

CONCRfTE 
STRESS 

3·8601:+02 
3.860E+02 
3·860E+02 
3.R601:+02 
3.B60E+02 
3.A60E+02 
3.F\60f+02 
3·A60E+02 
3·MOE+02 
3·R60E+02 
3.~60E+02 
3.860E+02 
3.860E+,,2 
3.~60F.+02 
3.A60E+02 
3.860F+02 
3.A60E+02 
3.R60E+02 
3·860E+02 
3·8601:+02 
3·A60F+02 
3·1=\60E+02 
3·1=\60F+n2 
3·A60F+n2 
3.A60F+02 
3. F\ 6 01=:+ 02 
3·860E+02 
3·A60E+02 
3.1=\59F+02 
3.A59f+02 
3.F\59f+n2 
3·859E+"2 
3.A59E+;;2 
3.A59E+02 
3.s59E+02 
3.859E+02 
3.A59E+n2 
3.859E+02 
3.A59[+;j2 
3.859E+02 
3.859E+02 
3.A59F.+~i 
3.a59E:+02 
3.859E+;;2 
3.A59E+02 
3.858E+02 
3.A58E+02 
3~B58E+02 
3.~58E+n2 
3.A58E+02 

STEI::.L 
C;TRE:SS 

-2.4541:.+03 
-2.4541:.+03 
-2.454t:.+0~ 
-2.454i:.+03 
-2.454E+03 
-2.454E.+03 
-2.4541::.+03 
-2.4541::.+(1:1 
-2.4541::.+03 
-2.4541::.+('13 
-2.4541::.+03 
-2.4541::.+03 
-2.454t+03 
-2.4541::.+03 
-2.4541::.+03 
-2.4541::.+1\3 
-2.4541::.+03 
-2.454E·03 
-2.4541::.+1)3 
-2.4541::.+03 
-2.4541::.+03 
-2.454t.+1')3 
-.2.4541::.+03 
-2.454E.+(l3 
-2.4541::.+03 
-2.454t::+03 
-2.454t.+1'3 
-2.454t:.+1')3 
-2.454t::+03 
-2.454t.+(l3 
-2.4541::.+1)3 
-2.4541::.+03 
-2.454t.+03 
-2.4541::.+03 
-2.4541::.+('13 
-2.454E+03 
-2.454t.+03 
-2.4541::+03 
-2.454t.+03 
-2.4541:+03 
-2.454E+03 
-2.454[+03 
-2.4541::.+03 
-2.454~'+03 
-2.454E.+fl3 
-2.454t.+03 
-2.454t.+03 
-i~45-4~+03 
-2.4541::.+03 
-2.4541::.+03 
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51 24.6 -1.594E-02 1.5Q41:-01 3.A58E+(l2 -2.4541::+03 
52 £15.1 -1.!=.26F-02 1.6~6F.-nl 3.q58E+n2 -2.45'5E.+03 
53 25.6 -1.658E-02 1.61i81:-01 3.A58E+,,2 -2.4551:.+03 
54 £16.1 -1.690E-02 1.690[-01 3.858E+"2 -?455E+03 
55 26.6 -1.721F-02 1.7~2E-Ol 3.858E+"2 -2.4551:.+03 
56 27.1 -1.753F.-t}2 1.753E-Ol 3.858E+"2 -2.455t.+1)3 
57 27.6 -1.785£-02 1.785E-1'1 3.A58E+(\2 -2.4551:.+03 
5~ 28.1 -1.811F-02 i.A17E-Ol 3.A58E+02 -2.4551:: +!)3 
59 28.5 -1.849[-"2 1.849E-Ol 3.857E+02 -2.4551:.+03 
61'\ 29.0 -1.'381E-02 1.A81E-Ol 3.P57E+O~ -2.4551:.+03 
61 29.5 -1.913E-')2 1.9131:-01 3.857£+02 -2.455E+03 
62 30.0 -1.945E-n2 1.945E-Ol 3.857E+112 -2.4551:.+03 
63 30.5 -1.976E-{l2 1.977E-Ol 3.857E+02 -2.4551:.+03 
64 31.0 -2.008E-02 2.009E-Ol 3.S57E+02 -2.4S51:.+03 
6S 31.5 -2.f)40F-02 2.040E-Ol 3.857[+';(1 -2.4551:.+1)3 
66 32.0 -2."72E-02 2.0721:-01 3.857£+02 -2.4551:.+1)3 
67 32.5 -2.104E-02 2.104E-Ol 3.857E+(l2 -2.4551:.+(13 
68 33.0 -2~136E-O? 2.136E-Ol 3.857E+,,2 -2.455t+03 
69 33.5 -2.168E-02 2.168[-nl 3.A56F+n2 -2.455t::+(13 
7;) 34.0 -2.200F-02 2.200E-Ol 3.A56E+;'2 -2.4551:.+f)3 
71 34.5 -2.232E-02 2.?32E-Ql 3·8561:+02 -2.4551:.+03 
72 34.9 -2.263E-02 2.264F:-Ol 3.~56E+(l2 -2.4551:.+"3 
73 35.4 -2.295f-~2 2.2951:-01 3.A56E+02 -2.4551:.+03 
74 35.9 -2.327E-1)2 2.3771=:-in 3.A56E+02 -2.455E+03 
7S 36.4 -2.359[-02 2.1S9[-01 3.856E+()2 -2.4551:.+('\3 
76 36.9 -2.391E-02 2.1911:-01 3.r:l56E+~2 -2.45SE+03 
17 37.4 -2.423F:-{l2 2.423E-Ol 3.856E+02 -2.4551:.+03 
78 37.9 -2.455[-1)2 2.455J:-,)l 3.855E+,,2 -2.455t::+!)3 
79 38.4 -2.487F-1)2 2.4A7[-01 3.855E+n2 -2.455t::+03 
81) 38.9 -2.518F.-02 2.519E-Ol 3.r:l21E+n2 -1.973[+03 
81 39.4 -2.S51£-tl2 2.551E-Ol 3.639E+"2 6.2471:.+02 
82 39.9 -2.583F.-n2 2.5831:-;;1 3.457£+"2 3.2221£.+03 
83 40.4 -2.616E-02 2.616E-~1 3.?75f+(\2 5.82(11:.+03 
84 40.9 -2.649F-02 2'.649£-01 3.094F.+n2 8.4181:.+03 
€IS 41.3 -2.682£-(12 2.6A21:-01 ~.912f+02 1.1021:.+04 
86 41.8 -2.715£-('2 2.716E-Ol 2.730F'+n2 1.3611::+(14 
87 42.3 -2.7491:-02 2.749E-~1 2.1548£+02 1.6211:.+1'4 
AS 42.8 -2.783E-02 2.7ME-Ol 2.366f+ n2 1.8811:.+04 
89 43.3 -2.A18F.:-(l2 2.818f-Ol ~.J84E+n2 2.1411:.+114 
9: 43.8 -2.853£-02 2.853£-01 2.002E+02 2.400t+04 
91 44.3 -2.888E-02 2.8A8E-Ol 1.r:l20E+02 2.6601:.+04 
92 44.8 -2.923f-02 2.923E-Ol 1.,,38[+1'2 2.9201:.+04 
93 45.3 -2.959E-('2 2.959E-01 1.456E+ii2 3.1801:.+04 
94 45.8 -2.995£-,,2 2.99SE-Ol 1.?74E+n2 3.419i:::+04 
95 46.3 -3.0311::-02 3.031E-Ol 1.092E+02 3.699t::+()4 
96 46.8 -3.("67F:-02 3.06SE-Ol 9.098E+Ol 3.9591:.+04 
97 47.2 -3.104[-02 3.104E-Ol 7.278E+nl 4.2191:.+"4 
98 47.7 -3.141t-n2 3.141E-Ol 5.45-8[+;;1 4.478~+O4 
99 48.2 -3.179f-(l2 3.179E-,,1 3.,,38F+Ol 4.7381:.+1)4 

100 48.7 -3.2161=.:-02 3.717F-Ol 1.r:l18E+I\1 4.9981:.+1'4 
101 49.2 -3.254E"-02 3.71i5E-01 -1.r:l20E-n2 5.2581:.+f'4 
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PRoe 
A-2 

CRCP-' TESTING 
EXAMPLE PRO~LEM FOR CRCP.' TESTTNR 

~OND LENGTH> l/? XBAR. WYTH HIGH ~·M rURVE 

STEtl PROPERTtFS 

TYPE OF LONGITUDINAL REINFORrEMENT IS 
DEFORMED RARCJ 

PERCENT REINFORCEMFNT 
BlIR nIAME'TE"R 
YIELD 5TRESS 
n-Asfic MOrHILUS 
THERMAL COEFFICIFNT 

= 1.2QnE+nl} 
= '.OOOE+O(1 = "'.OOOE+n4 
= 2~9r'OE+!'7 
= C:;.OOOE-li" 

* ... 
* 

********************************* ... ************** 

SL~B tHIcKNESS = 1.000~+Ol 
THERMAL COEFFICIENT = 5.000F-06 
TOTAL SHRINKAGE = 4.000F-04 
UNIT WFIAHT CONCPET~= 1.~OOF+02 
COMPRE~SIVE STRENGTH= 2.SnOF+03 

TENSILE STRENGTH DATA 
** ... *** ...... -*-_ ...... _**** ... * 

NO TENsILE STRENGTH DATA IS TNPUT By USER 
TI-.IE FOLLOWING J'.GE-TENSILE C;TRENGTH PELATTOlllSHlp 
IS USED WHICH IS RlISEO 0111 THF RECOMMENDATION 
GIVE'" RY U.S. AUREAII OF PECLAMATTON 

AGE, TENSILE 
fD~.YS) ~fRENGTH 

n.o 0.0 
1.0 85.7 
3.0 191.9 
5.0 ~.~_A ... R 
T.O 282.5 

14.0 1~~h8 
21.0 37().1 
28.0 184.6 



************************************************ 
* * * SLAR-BASE FRICTION CHA~ACTERI5TTCS * 
* F-Y PELATJ0NSHYP * 
* * ************************************************ 

TYPE OF FRICTION CURVE IS A PARABnLA 

MAXIMUM FRICTtON FOPCE= 
M0VEMENi AT SLIDING = 

7.5000 
-.2001) 

****************************** 
* * 
* TEMPERATURE DATA * 
* * 
****************************** 

CUPING TEMPERATURE= 7Ci.O 

MINIMUM DROP IN 
DI\Y TEMPERATURE TEMPFRATORE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
IS 
It' 
17 
lR 
19 
20 
21 
22 
23 
2'4 
2S 
2-6 
27 
28 

72.0 3.() 
69.0 fl. (I 
1153.0 22.0 
t;3.n 22.0 
60.0 15." 
6S.0 10. () 
1j4.0 21.0 
;S.O 6r,.0 
'59.0 16.0 
::»0.0 C:;5.n 
"0.0 ~S.O 
50.0 ;:)1;.0 
1S.0 61l.0 
1j4.0 21.0 
30.0 4t;.{1 
59.0 16.0 
1 S.O ':'0.0 
C;4.0 21.0 
c;3.0 27..0 
54.0 21.0 
,,9.0 6.0 
72.0 53.0 
1j6.0 19.0 
30'.0 45.0 
32.0 43.0 
4:r~ I) 3z'.0 
c:;6.0 19.0 
c:;7.0 18.0 

MINIMUMffMPERhTURE EXPECTED AFTER 
CONC~ETE GAINS FULL STqENGTH 
DAYS 'BEFORE REACHtNG 'MIN. f~MP. 

= 0.0 DFGREES FAHHENHEIT 
::I 28.0 DAYS 
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• 
• 
• 

EXTERNAL LOAD 
• 
* • 

• * ••••••• ** ••• * •• * ••••• * ••• ** •••••• * •• * •••• *.* •• 

WHEEL LOAD STRfSS (PSI): O. 
LOAD APPLIFn AT = ?A TH D_V 

0.******.* •• **.*******.********·** •• *.*·******** 
• 
* 
* 

IT~RATION AND TOLERANCF CONTROL 
* 
* 
* 

*.*.** ••• ***.*** •• * •• * ••• ******.****.*********** 

MAX I MUM ALLOWABLE NUMBER OF' ITERATIONo;;z:: 30 

RFLATIVF CLOSURE TOLERANCr- 1.0 PERC~NT 



PROA 
A-2 

TI~F 
([,)AYS) 

.50 
1.33 
'1.50 
".29 
?38 
?40 
?4!) 
?41) 
?4] 
?46 
?50 
~.50 
4.50 
!:i.50 
jI,.33 
l-.45 
1-.50 
7.31 
7.34 
7.35 
7.39 
7.47 
7.50 
A.50 
9·30 
Q.33 
9.36 
9.41 
9.50 
1~.SO 
;;.50 
1?32 
;?35 
1?38 
1".43 
1?50 
13.50 
14.33 
14.37 
;4.43 
14.50 
15.50 
;6.29 
11't.32 
i lIe 35 
1".39 
lfl.44 
16.50 
17.50 

CRCP-? TESTING 
EXAMPLE PRORLFM FOR CRCP-? T~~TIN~ 

flONO LENGTH> 1/2 XAAR. WITH HTGH F-M rlJPvE 

TEMP 
r)ROP 

1.0 
1.0 
6.0 
6·0 

16.0 ]7., 
17.5 
17.7 
lA.7 
?1.1 
?2·0 
22.0 
15.0 
10.0 
1().0 
?o.O 
21.0 
21.0 
31.0 
35.1 
45.1 
C;2.7 
6().0 
16.0 
16.1l 
('6.::\ 
36.0 
46.0 
55.J 
?5.0 
75.0 
75.0 
35.0 
45.('1 
5S.0 
6\).0 
21.0 
21·0 
::n .n 
41.0 
45~0 
16.0 
16.0 
?6.0 
36.0 
46.0 
'56.0 
60.0 
2].0 

ORvING 
C;HRINICAGE 

1.8]4r=:-n6 
4.802F-~6 

c;.394F-(16 
A.}90F,'-o6 
R.490F-(l6 
A.s48E-(l6 
R.s49E-f\6 
A.5c:;7F-a 6 
R.604F-06 
R.7~3F-06 
R.910r-,,6 
1.236f-05 
1.s76E-(15 
1.909E-(l5 
?.UIlF-05 
?.22lf:-05 
?237F-(·'5 
2.4971:-05 
2.507~-(l5 
2.51lfO"-05 
?522r=:-05 
?5"33E"-U5 
?5c;9r-1\5 
?876F-/l5 
'.124F-0'5 
1.134F-05 
1.145F-05 
'.158F:-(15 
1.1 ~HE-05 
1.493F-05 
1.794F-05 
4.017€-n5 
4.046f-05 
4.0c;7F-05 
4.07H:-OS 
4.090F-(!5 
4.382F-05 
4.619F.-(l5 
4.632E-05 
4.649F-05 
4.668F"(\5 
4.9C;lF:-05 
C;.171E-Os 
5.179f""05 
5.1R9F:"OS 
5.198E-OS 
5.212F.-oS 
5.2?8F-05 
c;.50lF""(,5 

TENSILE 
STPGTH 

44.R 
11}c;.3 
114.R 
157.4 
161.7 
16?.6 
16?6 
162·7 
163.4 
165.5 
167.R 
2!}f,.9 
2315.4 
257.5 
271.6 
271.6 
274.4 
2SC;.? 
28C;.4 
28C;.C; 
28C;.9 
286.2 
286.9 
29C;.4 
302·0 
307.3 
302.6 
30?·9 
303·7 
311.A 
319.A 
326.1 
32-'1.4 
326.1'1 
327~0 
~27.5 

33C;·1 
340·4 
14/}.6 
340.9 
341.2 
34C;.8 
349.4 
349.5 
349.7 
349.A 
350·1 
350.3 
3C;4.~ 

CRACK 
SPACING 

4800.0 
4800." 
4800.0 
4800·0 
4800.0 
?400.0 
1200.() 
600.0 
300.0 
lC;O.O 
150.0 
150.0 
150.0 
lC;O.O 
lC:;O.O 
lC:;O.O 
150.0 
150.0 
1150.0 

7C;.O 
"7C;.O 
37.5 
37.5 
'37.5 
17.5 
37.5 
37.5 
'37.5 
37.5 
'H.5 
37.5 
37.5 
37.5 
:H.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.C; 
'37.C; 
37.5 
37.5 
37.5 
'37.5 
17.5 
37.5 
37.5 
17.5 

CRoCK 
WIrTH 

1.77AE-04 
c;.321E-04 
1.?5,E-03 
1.474E-03 
C;.1'I21E-03 
C;.C;85E-n3 
C;.741E-03 
C;.657E-1)3 
C;.C;A1F="-1)3 
c;.431F-03 
C;.791F.:-03 
~.37QE-03 
4.141f-n3 
?74Q I:-03 
?.98('E-03 
''.A44F-03 
7.'A7F-03 
7.C;87E-03 
1.?2?E-1)2 
9.16RE-03 
1.?2?f-02 
R.C;IRE-n3 
9.A2~E-,,3 
?C:;6'E-03 
?645E-n3 
4.;?27E-03 
c;.~87E-03 

7.600F-03 
Q.IA~F-03 
4.191E-n3 
4.100E-03 
4.'86f-63 
~."52E-,,3 
7.767E-03 
9.519E"o3 
1.0411:-(,2 
1.~6'lE-03 
1.94,E-,,3 
C;.C;91E-03 
7.29RE-03 
7.996E-03 
,.?57E-03 
3.13111:-03 
4.953E-03 
F,.637E-03 
A.164F-03 
i.Ol?E-02 
1.084E-02 
4.244F:-03 
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Ml\Xl~UM 
rONCPETE STRESS IN 
STRES~ THE STFFl 

1.417E+ol 
?634E+Ol 
C;.013E+Ol 
f,.14C;E+Ol 
1.C;OOE+02 
1.625E+02 
1.617E+02 
1.557F+n2 
1.49RF.:+o2 
1.454E+02 
'.C:;ORf+02 
1.704E+02 
1.43~E+02 
] .2l?f+02 
1.2A7E+,,2 
1.9s6E+02 
?021E+02 
?094E+02 
?65AE+02 
?2AnE+02 
?634E+O? 
?18AE+02 
?35i1E+02 
1.215E+02 
1.'4C:;E+o2 
1.c;75E+02 
1.AC;9E+O? 
?1l4E+02 
,.326F+02 
1.5AAE+02 
1.625E+02 
1.65c;E+02 
1.944E+02 
??01E+02 
2.440E+n2 
2.5S4E+1l2 
1.S70F+02 
1.597E+n2 
1. 9 02E+112 
?174E+'l2 
?276E+02 
1.461E+02 
1.484E+O? 
1.810E+02 
,.096E+02 
?353E+02 
?590F+02 
?681E+02 
1.6B6E+02 

1.417':::+1'3 
?.31'18E+03 
4.4AOE+03 
5.600E+03 
1.297E+r4 
1.416E+f\4 
1.415F+04 
1.417F+('4 
1.413~+(\4 

1.400F+04 
1.4c;OF+n4 
1.600E"+04 
1.~19F+04 
1.0A6E+o4 
1.143E+04 
1.7f.9F+04 
I.A?9F.+04 
1. fIR(,F"+,,4 
?410f+04 
2.077F.+n4 
2.411f+04 
2.000E+04 
?1C;4F.+o4 
1.06SF+04 
1.0R4E+1l4 
1.39C;1:+('4 
1.663E+(\4 
).902F+04 
2.1011:+1)4 
1.3931:+('4 
1.41~E+04 
1.4341="+04 
1.705E+04 
1.947E+n4 
2.1,,9F.+(\4 
2.2741:+04 
1.341E+n4 
1.357E+04 
1.6421:+04 
1.89SE+04 
1.990E+04 
].719E+04 
1.233F.+04 
1.536E+04 
1.802F+04 
2.0421:+04 
2.2621:+04 
2.346F+o4 
1.410F+04 
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lF1.45 21.0 S.7C;Bf-05 359.1 37.5 4.33?E-03 1.71?E+02 1.425F.+04 
1 FI.50 22.0 S~77lE-05 359~3 37.5 4.1'10cE-,,3 1.746E+02 1.456E+04 
19.5{) 21.0 6.035F-f'5 363.6 37.5 4.42RE-03 1.741E+02 1.442E+('I4 
2~.51} 6.0 6~296E-{15 367.9 37.5 ?154E-n3 1.220r:+Oc 9.497E+03 
21.27 b.O 6.494F-05 37(1.6 37.5 ?21f1E-03 1.?41E+02 9. 630~+,O3 
21.31) 16.0 6:-502E:"~5 370-;7 37.5 i.716E-n3 '.62JI:+02 1.31St::+ 04 
21.33 76.0 6.510f-05 370.8 37.5 C;.427:E-03 1. q 42E+(l2 1.612E+04 
2;.37 36.0 6.5201:-05 370.9 37.5 1.117E-03 :;I.22F,E+02 1.8751::+04 
21.42 46.0 6_~~32F-"'5 371.0 37.5 R.854E-03 ?4A1E+02 2.113E+04 
21.5() '53.0 6.553E-0,5 371-.1 37.5 1.OO9E-02 ?651E+02 2.269E+04 
2?50 19.0 6.806p:-05 373.3 37.5 4.363E-03 ,.74AE+,,? 1.4?2E+04 
23.32 j9~0 7-'-oi OE~05 375.0 37~5 4.43?E-,,3 ;.765E+02 1.432E+04 
23.36 29.0 7.021p:-05 375.1 37.5 p:,.101E-03 ?071E+02 1.1]5E+1)4 
2::1.42 39.0 7~034F-r15 375;2 37.S 7.817E-03 '.344E+02 1.96AE+04 
2::1.50 4S.0 7.0C;5E-r5 375.3 :37 .5 R.867E-(l3 '.49AE+/}2 2.109E+04 
24.50 43.0 7.300F.-05 377~4 37.5 R;606E-i)3 ?467E+02 2.072e:+04 
c5.50 32.0 7.542E-n5 379.5 37.5 p:,.191E-03 2.191[+02 1.814E+04 
26.50 ,9.0 r~-180E~o5 381;6' 3'7;S 4.69?~-o3 1.830E+1)2 1.461£+04 
27.50 18.0 8.015E-(15 383.6 31.5 4.607E-ii3 1.81RE+02 1.448E+04 



AT TH~ E~D OF THE ANALYSIS P~Rlnn 

CPACK SPACING = 2.783E+OO FfFT 
CRACK WIDTH = ?~78E-O? TNrHES 
MAX CONCRETr STRESS= 3.877E+02 P~T 
MAX STEEL STRESS = ?674E+04 P~T, 
CONC.TENS.STRFNGTH = 3.R46E+02 PST 

STA
TION 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Ie 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3:, 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
So 

DIS
TANCE 

0.0 
• 2 
.3 
.5 
.7 
.8 

1.0 
1.2 
1 .. 3 
1.5 
1.7 
1.8 
2.0 
2.2 
2.3 
2.5 
2.7 
2.8 
3.0 
3.2 
3.3 
3.5 
3.7 
3.8 
4.0 
4.2 
4.3 
4.S 
4.7 
4.8 
5.0 
5.2 
5.3 
S.S 
S.7 
·S.8 
6.0 
6.2 
6.3 
6.5 
6.7 
6.8 
7.0 
7.2 
7.3 
7.S 
7.7 
7.8 
8.0 
8.2 

CONCRETE 
MOVEMENT 

o. 
-1."84E-04 
-2.171F-04 
-3.259E-04 
-4.350E-04 
-5.443E"-04 
-6.538E-04 
-7.635E-(l4 
-8.734E-n4 
-9.835[-04 
-1.094E-03 
-1.204E-03 
-1.315F."03 
-1.4261='-03 
-1.537E-03 
-1.649E-03 
-1.760E-03 
-1.872E-03 
-1.984E-03 
-2.0961='-03 
-2.2091=:-03 
-2.321E-03 
-2.434E-03 
-2.547E-03 
-2.661E-03 
-2.774E-03 
-2.888E-03 
-3.002[-03 
-3.116E-03 
-3.230E-03 
-3.345F.-03 
-3.460f-03 
-3.575E-03 
-3.6901:"03 
-3.ROSE-C3 
-3.921F-03 
-4.037E-03 
-4.153E-(l3 
-4.269E-03 
-4.385[;"03 
-4. S02E.:- (13 
-4.619E-03 
-4.736E-03 
-4.S53E;"03 
-4.971E-03 
-S.089E"03 
-S.206E-03 
-S.3?'5E~(13 
-S.443E-03 
-5.561[-03 

FRTCTIO~ 
FORCE" 

O • 
1. 747E-01 
2.471E-01 
3.028E-01 
3.498E-fll 
3.913F-{i1 
4.289E-01 
4.63SE-n1 
4.957[-01 
5.260E'-Ol 
5·S47E-01 
S.R:;>lF-01 
6·os3E-nl 
6.334f.-~1 
6.576E-01 
6.A10F-01 
7.037E-01 
7.2C;71:-01 
7.471F.-,,1 
7.679E-n1 
7.RR3E-01 
8'.ORlE-n1 
a.27SE-1'I1 
Eh465E-()l 
8.652E-01 
S.A14E-(l1 
9.01 3F.-01 
9.1S9F-61 
9·362E-01 
9.S33E-01 
9.700F-01 
9.S6SE-Ol 
1.003F+OO 
1.01 9f+OO 
1·035F.+00 
1·050E+OO 
1·066E'+OO 
1.081E+00 
1.0961:+ 00 
].111E+00 
J.1?5E+QO 
1.1401:+00 
1.154E+OO 
1.16BE+OO 
1.1A2E+no 
i·196E+00 
].210F+00 
1.224E+00 
1.237E+00 
1.?51E'+00 

CONCRETE 
STRESS 

3.827[+1'12 
3.7f\9E+~2 
3.751E+;;2 
3.713E+02 
3.,,74E+"2 
3. ('36E+ 02 
3.C;98E+n2 
3.c;59E'+~2 
3·s21E+n2 
3·483E+;'2 
3·445E+o2 
3.406E+02 
3. ::I68E+ 02 
3·330E+n2 
3·292E+,.,2 
3·2S3[+02 
3·215E+02 
3.177E'+ 1'12 
3·138E+02 
3.,00E+1)2 
3·062E+1'I2 
3·024E+1'I2 
2.96SE+'I2 
2.Q47E+n2 
2.Q09F+n2 
2.A71E+n2 
2.~32E+02 
2·794[+1'12 
2·756E+;i2 
2·717E+n2 
2.~79E+n2 
2.('41E+il2 
2·603F+02 
2·564E+i)2 
?·526E.+ 62 
2·488f+02 
2·450E+02 
2.411E+02 
2.~73E+02 

2·33SE+02 
2·296E+;'2 
2·258E+~2 
2.220E+02 
2·182E+02 
2·}43E+02 
2.,05E+02 
2·067E'+02 
2~02CjE+02 
1.990E+02 
1.Q52E+t\2 

STEtL 
STRF:!;S 

-4.989E+1'I3 
-4.672t+03 
-4.3551:.+03 
-4.n37E.+C3 
-3.7201:.+03 
-3.4031:+03 
-3.n86t+03 
-2.7681:.+(13 
-2.4S11:.+03 
-2.134t+r3 
-1.A161:.+')3 
-1.499E.+03 
-1.1821:.+(13 
-8.646E,+02 
-S.4731:+02 
-2.'300t+0? 

8.7301:.+01 
4.046E.+02 
7.2191:.+02 
1.0:lQt+(l3 
1.3561:.+03 
1.674t+/13 
1.991E,+03 
2.30At+(l3 
2.626t+03 
2.9431:.+03 
3.2601:.+03 
3.5771:.+1'13 
3.8951:.+03 
4.2121:.+03 
4.5291:.+03 
4.847E+03 
S.1641:.+03 
S.481t+(13 
5. 7981:.+()3 
6.11~E+(l3 
6.4331:.+03 
6.7501:+03 
7.1'681:.+03 
7.38sE.+n3 
7.7021:.+03 
S.019E+03 
8.3371:.+03 
6.6S4E.+03 
8.9711:.+03 
9.2R9E+03 
9.60~1:.+03 
9.923E+03 
1.024t:+04 
1.0561:.+04 
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51 B.3 -5."80[-03 l!''-~~l!+OO 1.914[+02 1.0R8t.+04 
52 8~5 -5.799£-03 1.277[+00 I.R75E'+t)2 1.119E+04 
53 8.7 -5.918f"03 1.290[+00 1.fl37E+02 1.151E+04 
54 8.9 -6.!J38E-03 1.303E+OO 1.799E+~2 1.183t.+04 
S5 9.0 -6.157E"03 h.316E+oo 1.761Ft(l2 1.214t.+"4 
56 9.2 -6.277f-1)3 1.3?9E+00 Ie 722E+n2 1.246t:+n4 
57 9.4 -6.397[-1')3 1.341F.+OO 1.684Etti2 1.2781:.+04 
58 9.5 -6.518E- A 3 1.3C;4E+00 1.646F.+02 1.310t,+04 
59 9.7 -6.638E-(,3 1.366[+1)0 1.~n8E+02 1.3411:.+04 
&II 9.9 -6.759[-03 1.379F+OO 1.c;69E+4'2 1.373E+04 
61 1.0.0 -6. 88~0E;~(I.3 l,~91E+OQ 1.C;31E+02 1,4051;:+0; 
62 10.2 -7.001E·03 1.403F+00 1.4,93£+02 1.4371::.+'14 
63 10.4 .. 7 • 12?l!.-.f' 3 1.415E+OO 1.454E+02 1.4,,81:.+04 
64 10.5 -7.243[-03 1.4217E+OO 1.416E+n2 1.500t.+04 
65 10.7 -7.365E-03 1.439[+O() l'378E+i'2 1.5321::+04 
66 10.9 -7.487E-fl3 1.4C;1[+00 1.34OE+"2 1.5~3t:.+04 
67 11.0 -7.609[-03 1.463[+QO 1'3 01 [+02 1.5951:.+04 
68 fi.2 -7~132E-n3 1.4 7~'E+00 1.263£+02 1.6?71:.+04 
69 11.4 -7.854E-03 1.486E+00 1.225[+02 1.6r:;91:.+1\4 
7;:' 11.5 -1.977t';"n3 t.4Q8[+OO 1.186[+02 1.6QOt.+04 
71 11.7 -8.100E-03 1.509E+00 1.148E+~2 1.7221:.+n4 
72 11.9 -8~223E;'1)3 1.521[+00 1. .110E+02 1.754t:.+04 
73 12 •. 0 -8.347[-03 1.532[+00 1'072E+02 1.7A6E+04 
74 12.2 -8 ~ 41 o"E";;-O:3 i~':;44E+no t.033E+n2 1.817t.+(l4 
75 12.4 -8.594[-03 1.&;55F+00 9.951[+01 1.~491:.+r.4 
76 12.5 -8;718E-03 1.566E+nO 9.C;69E+Ol 1.881E.+t'4 
77 12.7 -8.842E-03 1.'.;]7[+00 9.186[+01 1.912E+f\4 
78 12.9 -8.967[-03 1.1588[+00 8.R03E+iH 1.9441:.+04 
79 13.0 -9.091[-03 1.C;99E+00 8.420E+Ol 1.9761:.+04 
80 i3.2 -9.216·F·03 1.6 HlP: + 00 8.038[+;'1 2.0n8t.+04 
8l 13.4 -9.341F-03 1'''21[+00 7.655E+Ol 2.0391:.+04 
82 13.5 -9.467[-03 1.632[+()0 7.?72E+;'1 ? .0711:.+04 
83 13.7 -9.592F-(l3 1.643E+00 6.R89F+ol 2.1031:.+04 
84 1"3.9 ";9.71BE'-f'\3 1'~ 653E+00 6.«;07F.: + 0 1 2.135E+04 
85 14.0 -9.844[-03 1.664F+OO 6.124E+o1 2.166t,+04 
86 14.2 -9.970E;;;'03 1.675E+OO 5.741E+o1 2.1 Q8t.+(l4 
87 14.4 -1.010E-02 1.685[+00 5'358E+nl 2.230[+04 
88 14.5 -1~022e::;"02 i.6Q6F.+00 4. cH6E+nl 2.261E+(l4 
89 14.7 -1.035f-02 1.706F.+OO 4.593(+(\1 2.293t:.+04 
90 14.9 -1.048E";02 1.711'E+OO· 4.210£+,,1 2.325t.+04 
91 15.0 -1.060E-02 1.727E+00 3.A27E+"1 2.357t.+04 
92 15~.2 -1~07jE';'02 1.737£+00 3.4451:+n1 2.38St::+1l4 
93 15.4 -1.086[-02 1.748[+00 3.062E+n1 2.4201:.+04 
94 15.5 -1.099F-02 1.758£+(;0 2.1.79F.+~1 2.452E+O,," 
95 15.7 -1.111£-02 1.7b8E+00 2.?96E+t)1 2.4R41:.+04 
96 15.9 -1;124£-02 1.77"E+00 1.Q14£+~1 2.51st:::+n4 
97 16.0 -1.137[-02 1.798[+00 1.,,31E+Ol 2.S47t.+04 
9R 16.2 -1.150E-62 1.799E+00 1.148£+0} 2~ 5 '7c;ft:.:' n 4 
99 16.4 -1.163£-02 1.809E+00 7.,,55E+1)0 2.610E+04 

100 16.~ -1.176E-02 I.Rt9E+OO 3.~27E+Oo 2.642l::.+04 
101 16.7 -1.189E-02 1.~29E+OO O· 2.6741::+1)4 



PROS 
B-1 

CRCP-Z TESTING 
E~AMPlE PROBLEM FOR CRCP-2 TESTING 

NO INCREASE IN TENSILE STKENGTH AFTER 2B 1H DAY 

*****************~****************************** 

* * 
* 
* 

STEEL Pf(OPERTIE5 * 
* 

************************************************ 

TYPE OF LONGITUDINAL REINFORCEMENT IS 
lJE.FOi1MElJ BARS 

PERCENT REINFORCEMENT 
BAR DIAfolETER 
YIELD STRESS 
ELASTIC MODULUS 
THERMAL COEFFICIENT 

: 1.200E+OO 
:: 1.000E+OO 
:: 6.000E+04 
:: 2.900E+r)7 
: 5.000E-06 

************************************************ 
* * 
* 
* 

CONCRETE PROPERTJES 

SLAB THICKNESS = 1.000E+Ol 
THERMAL COEFFICIENT = 5.000E-06 
TOTAL SHRINK~6E :: 4.000E-04 
UNIT WEIGHT CONCRETE: 1.500E+02 
COMPRESSIVE STRENGTH: 3.500E+03 

TENSILE STREN6TH DATA 
********************* 

NO TENSILE STRE~GTH DATA IS INPUT BY USER 

* 
* 

THE FOLLOwING AGE-TENSILE STRENGTH RELATIONSHIP 
IS USED WHICH IS ~ASED ON THE RECOMMENDATION 
GIVEN BY U.S. BUREAU OF RECLAMATION 

AGE. TENSILE 
(DAYS) STRENGTH 

0.0 0.0 
1.0 116.0 
3.0 249.5 
5.0 316.8 
1.0 355.4 

1'+.0 '+17.8 
21.0 '+51.3 
28.0 466.7 
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.*.************.* ••• *.**.* ••••••• ** •• *********** 
* • ... 
* ... 

SlA9-BASE FR IeTION CHARACTERISTICS 
F-V RELATIONSHIP 

it 

it 

... 
****************************.******************* 

TYPE Or FRICTION CURVE IS A STRAIGHT LINE 

MAxr~UR FRICTION FORCE
MOVEMENT AT SLIDING • 

3.0000 
-.1000 

****************************** 
* * 
* TEMPERATURE DATA * 
* * 
****************************** 

DAY 

1 
2 
"3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
n 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

CURING TEMPERATUR~. 15.0 

MINIMUM OROP IN 
TEMPERATURE TEMPERATURE' 

12.0 3.0 
69.0 6.0 
53~0 c2·.0 
51.0 24.0 
60.0 15.0 
65.0 J.o.o 
54.0 21.0 
15.0 60.0 
59.0 16.0 
20.0 65.0 
50.0 25.0 
50.0 25.0 
15.0 60.0 
5it.O 21.0 
30.0 45.0 
59.0 16.0 
1'5.0 tlO.O 
54.0 "::1.0 
53.0 22.0 
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 18.0 

MINIMUM TEMPERATURE EXPECTED ArTER 
CONCRETE GAINS FULL STRENGTH 
DAYS BEFORE REACHI~G MIN. TEMP. 

• 0.0 DEGREES FAHRENHEIT 
= 28.0 DAY'S 



.... '0'.0....,. ...... · ................................. ** ............................ * ..... * 
* * .. EXTERNAL LOAD ~ 

... * 
*.* ........... ** ...... *.* ... * ..... * ... ~ ......... ** ..................... **** 

• ... 
... 

WHEEL LOAO STRESS (PSI'= o. 
LOAD APPLIEO AT = !8 TH DAY 

lTERATION AND TOLERANCE CONTROL 
.. 
... 
• ........ lI:** ... .jj. ......... * ........ * ...... ******* ... *** ........ * .............. .. 

~AXIMUM ALLOWABLE NU~BER OF ITERATIONS= 30 

RELAnV'E CLOSURE TOLERANCE= 1.0 PERC£NT 
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CRCP-2 TESTING 
.. 

~'XAMP"lE'''PROBLEM FOR C'RCP';'2 TESTING 

PRUB 
B-1 NO INCREASE IN TENSILE STRENGTH AFTER 28 TH DAY 

TIME TE!o1P DRYING TENSILE CRACK 
MAXIMUM 

CRACK CONCRETE STRESS IN 
(DAYS) DROP SHRINKAGE STRGTH SPACING WIDTH STRESS THE STE~L. 

.50 3.0 1.814E-06 61.6 4800.0 3.764E-04 1.651E+01 1.802E+~3 
1.33 3.0 It.B02E-06 141.5 4800.0 5.504E";04 3.080E+01 Z.980£+03 
1.50 6.0 5.394E-06 153.7 4800.0 1.340E-03 5.774E+01 5.609E+03 
Z.Z9 6.0 8.190E-06 ~07.3 4800.0 1.684[-03 7.472E+01 b.990E+03 
Z.38 16.0 8.49(1E-06 212.6 4800.0 7.031E-03 1.755E+OZ 1.b38E+U4 
2.43 ZO.O 8.669E-06 215.8 ~400. 0 9.480F.-03 2,13.0E+02 2.003E+04 
Z.44 20.3 8.68SE-06 216.2 1200.0 9.492E-03 2.091E+02 1.988E+U4 
2.46 21.2 B.759E-06 217'.'+ 600.0 9.258£-03 2.058E+02 1.970E+04 
2.50 22.0 8.910E-06 l20.1 600.0 9.911E-03 2.140E+02 2.046E+U4 
3.43 22.0 1.214E-05 265.3 600.0 1.124E-02 Z.445E+02 2.29ZE+04 
3.50 Z4.0 1.Z36E-05 267.6 600.0 1.296E-OZ Z.639E+OZ 2.41ZE+04 
4.50 15.0 1.576E-05 301.Z 600.0 7.038E-03 Z.OZ9E+02 1.868E+u4 
5.!:I0 10.0 1.909E-05 3Z6.9 600.0 4.474E-03 1.672E+OZ 1.512E+04 
fs';33 10.0 2.181E-05' J42.9 600.0 4.917E-03 1.790E+OZ 1.608E+04 
6.45 20.0 2.221E-05 345.Z 60n.o 1.268E-OZ 2.887E+OZ Z.b21E+04 
6~50 21.0 2.237E-05 346.1 600.0 1.36ZE-02 Z.998E+02 2.7ZZE+04 
7.31 21.0 2.497E-05 358.4 600.0 1.433[-OZ 3.122E+OZ 2.821E+04 
7.32 25.7 2.502E-05 358.5 300,.0 1.475E-02 3.155E+02 Z.863E+U4 
7.34 31.5 2.507E-05 358.7 150.n 1.325E-02 2.984E+02 ii!.711E+04 
7.37 41.5 '2.51'8£-05 359.0 150.0 1.850E-02 3.5Z9E+02 3.Z17E+04 
7.38 43.0 Z.520E-05 359.1 75.0 1.190E-02 Z.826E+OZ 2.565E+04 
7.42 53.0 2.534E-05 359.5 75.0 1.508E-02 3.184E+OZ 2.898E+U4 
7.50 60.0 2.559E-05 360.3 75.0 1.738E-02 3.421E+02 3.118E +\J4 
8.50 Hi.O 2.876E-05 J69.8 75.0 4.244E-03 1.709E+02 1.509E+Utf 
9.30 1b.0 3.124E-05 377 .3 75.0 4.394E-03 1.754E+OZ 1.5HE+04 
'9'.33 26.0 3 .. '134£-05 ;$77.5 75.0 7.Z08E-03 2.Z48E+02 1.999E+U4 
9.36 36.0 3.145E-05 377.9 715.1) 1.021E-OZ 2.677E+OZ Z.397E+04 
9.41 46.0 3.158£-05 :378.3 7C;.0 1.333E-02 3.061E+OZ Z.753E+04 
r;.50 55.0 3.187E-05 379.1 75.0 1.624E-02 3.38ZE+OZ 3.050E +u4 
10~50 25.0 3.493E-05 388.1 75.0 7.158E-03 2.Z68E+OZ Z.003E+04 
11.50 Z5.0 3.794E-05 396.9 7C;.0 7.361E-03 2.323E+OZ 2.04lE+04 
lZ.32 25-.0 4.037E-05 403.9' 715.0 7.524E-03 2.368E+02 Z.072E+04 
12.35 35.0 4.046E-05 404.Z 75.0 1.055E-OZ 2.805E+OZ 2.475E+u4 
12.38 45'.0 4.051E-05 404~5 75.0 1.369E-02 3.197E+OZ Z.837E+04 
12.43 55.0 4.07lE-0!;) 404.9 75.0 1.692E-02 3.557E+OZ 3.168E+U4 
12.5-0 60.0 4.090E-05 405 • 4 75.0 1.858E-02 3. 7 29E+02 3.326E+04 
13.50 21.0 4.3e 2E-05 413. 7 715.0 6.51;8E-03 Z.240E+OZ 1. 9 40E+04 
14.33 21.0' 4.61 9E";';;05 41 9 • 4 715.0 ' 6.-h1E-03 2.Z81E+0'2 1.968E+04 
14.37 31.0 4.632E-05 419.6 75.0 9.732E-03 Z.74ZE+OZ 2.39ZE+04 
11 •• 43 It 1'.0 4.64fjE-05 itlCJ.9 75.0 1.286E-02 3.153E+OZ Z.770E+04 
14.50 45.0 4.668E-05 420.3 75.0 1.414E-02 3.308E+02 2.912E+04 
15.50 le.o 4.951E-05 425.3 75.0 5.518P"03 2.077E+OZ 1.769E+04 
16.Z9 16.0 S.l7lE-o:' 429.Z 75.0 5.65ZE-03 2.111E+02 1.793E+U4 
t6 .. JZ 2fl.O 3. I?-9£-- 05 429.3 115'.0 8. 58 OE-'03 Z.602E+OZ 2.243E+04 
16.35 36.0 5.188E-05 4Z9.5 7S.0 1.166E-02 3.034E+OZ Z.640E+04 
10.39 46.0 5.1 98£-05 429.7 75.0 1.484E-02 3.4Z4E+OZ Z.998E+04 
16.44 56.0 5.212E-05 429.9 75.0 1.810E-02 3. 784E+QZ 3.328E+U4 
16.50 60.0 5.228E-OS "'30.2 75.0 1.943E"'02 3.9ZZE+OZ 3.454E+04 
17.50 21.0 5.501E-05 ,435,.0 75.0 7.302E-03 Z.416E+OZ Z.060E+04 
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18.45 21.0 5.758E-05 4)9.5 15.1' 7.4661:-03 2.455E+02 2.087E+04 
H~.50 22.0 5.771E-05 ~39.8 75.1' 7.770E-03 2.505E+02 '.133E+04-
1~.50 21.0 6.0]SE-05 444.4 75.n 7.645E-03 2.498E+(12 2.116E+04 
20.50 6.0 6.296E-05 44q.O 7c:;.n 3.579E-03 1.717E+02 1.392E+04 
21.27 6.0 6.494E-05 451.9 75.0 3.689E-03 1.749E+02 1.414E+04 
21.30 16.0 6.502E-05 452.0 75.0 6.474E-03 2.318E+02 1.934E+04 
21.33 26.0 6.510£-05 452.1 75.0 9.459E-03 2.802E+02 2.378E+04 
21.37 36.0 6.520E-05 452.1 75.0 1.258E-02 3.232E+02 2.770E+04 
21';42 46.0 6.532["-'05 452.2 75.0 1.579£-02 3.622E+02 3.127E+04 
21.50 53.0 6.553E-05 452.4 75.0 1.809E-02 3.878E+02 3.360E+04 
22.50 19.0 6.806E-05 454.7 75.0 7.538E-03 2.509E+02 2.099E+04 
23.32 19.0 7.010E-05 456.5 75.0 7.665E-03 2.535E+02 2.116E+1.I4 
23.36 29.0 7.021E-05 "'56.6 75.0 1.071E-02 2.997E+02 2.539E+04 
23.42 39.0 7.034E-05 456.7 75.0 1.387E-02 3. 4 12£+02 2.918E+04 
23.50 45.0 7 .O~5'E-05 456.9 75.n 1.582E-02 3.644E+02 3.129£+04 
24.50 43.0 7.300E-05 ~59.1 75.0 1.534E-02 3.597E+02 3.078E+04 
25.50 32.0 7.542E-05 461.3 75.0 1.1'99E-02 3.188E+02 2.696E+04 
26.50 19.0 7.780E-05 "'63.it 75.0 8.145E-03 2.633E+02 2.181E+U4 
27.50 le.o 8.015E-05 465.6 75.0 7.9C13E-03 2.614£+02 2.156E+04 
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AT THE END OF THE A"ALYSIS PERIOD 

(flACK S'P'lrCING = 2.881£+00 rEET 
CRACK WIDTH = 2.454E-02 INCHES 
fwlAX CONCRETe: STRESS: It.666£+02 PSI 
MAX STEEL STRESS = 3.030E+04 PSI. 
CONC. TENS.STRENG1f'H = 4.661'£+02 PSI 

STA- 015- CONCRETE FRICTION cOf\jCRETE STEEL 
frON TANCE NOV!MEI'iT FORCE STRESS STRESS 

1 0.0 o. O. 4.666E+Ol -8.554E+03 
2 .2 -1.116E-04 3.34AE-03 4.619E+0~ -8.166E+03 
3 .3 -c;.234F.-04 fl. T02E-03 4.513E+02 ';'1.117E+03 
4 .5 -3.354E-04 1.006E-02 4.526E+0~ -7.389E+03 
5 .7 -4.417E-04 1.343E-02 4.4BOE+0~ -7.000E+03 
6 .9 -5.602E-04 1.681E-02 4.433E+04:! -6.612E+03 
7 1.0' -6.129E-04 2.01QE-02 4.38bE+0C! -6.223£+03 
8 1.2 _7.858E-04 2.358E-02 4.340E+0':: -5.834E+03 
9 r.4 -".~OE-"O. 2.697E-02 4.293f+Ol -5.446!:+03 

10 1.6 -1.012E-03 3.037E-02 4.246E+02 -5.051E+03 
11 1.7 -1.126E-03 3.378E-02 4.200E+0~ -4.069E+03 
12 1.9 -1.240E-03 3.120E-02 4. 153E+0i:! -4.l80E+03 
13 2.1 -1.354E-03 4.062E-02 4.106E+02 -3.891E+03 
llt 2.2 -1.468E .. 03 4.40'5E-02 4.060E+0c! -3.503E+03 
15 2.4 -1-.583E;;';03 4.74~E-02 4.013E+02 -3.114E+03 
16 2.6 -1.691E-03 5.092E-02 3.966E+0c! -2.126E+03 
17 2.& -1.812E-03 5.437E-02 3.920E+02 -2.337E+03 
18 2.9 -1.9l8E-OJ 5.783E-02 3.873E+Oc -1.')48E+03 
19 3.1 -2.043E-03 6.1~9E-02 3.82bE+0C! -1.560E+03 
20 3.3 -Z.159E-03 6.416E-02 3.7S0E+o,c -1.171E+03 
21 3."'5 -2.274E-03 6.823E-02 3.733E+Oc -7.827E+02 
22 3.6 -2.3'JIE-03 1.172E-02 3.OSoE+Oc -3.941E+02 
23 3.8 -2.S07E-03 7.521E-02 3.640E+Oe! -5.503E+00 
24 4.0 -4.623E-03 7.87(1E-02 3.593E+0':: 3.831E+02 
25 4.1 -2.740E-03 8.221E-02 3.54oE+o~ 7.717E+02 
26 4.3 -2.857£-03 8.s11E-02 3.500E+Oc 1.160E+03 
27 4.-5 -2.914E-03 8.92~E-02 3.453E+02 1.549E+03 
28 4.1 -3.092E-03 9.215E-02 3.406E+0~ 1.937E+03 
29 4.8 -3.209£-03 9.62f!E-02 3.360E+Oi 2.326E+03 
30 s.o -3.327E-03 Q.Q82E-02 3.31JE+02 2.715E+03 
:n S.2 -3.445E-03 1.034E-Ol 3.266E+0e! 3.103E+03 
32 5.4 -3.504E-03 1.06QE-Ol 3.220E+0~ 3.492E+03 
:;3 5.:5 -3.682E-03 1. ruSE-O 1 3.173E+02 3.880E+03 
34 5.7 -3.801E-03 1.140E-Ol 3.120E+0c! 4.269E+03 
35 S.9 -J.92()E .. 03 1.116E-Ol 3.080E+O~ 4.658E+03 
36 6.0 -4.039E-03 1.212E-Ol 3.033E+02 5.046E+03 
31 6~2 ';'4. 159E-03 1.24AE-Ol 2.986£+02 5.435E+03 
38 6. 4 .. 4.218E-0.3 1.284E-Ol 2.940E+Oc 5.823E+03 
39 6;6 _4.'39S£.OJ I.J2nE-01 2.893E+Oc 6.212£+03 
40 6.7 -,+.518E-03 1.356E-01 2.846E+o~ 6.601E+03 
41 6.-9 -4.639E-03 1.391'E-01 2.800E+Oc 6.989£+03 
42 7.1 -4.759E-03 1.42AE-Ol 2.753E+0c:! 7.378E+03 
43 1.;3 --4. 880E';'03 1.464E-Ol 2.706E+02 7.766E+03 
44 7.-4 -5.001E-03 1.500E-Ol 2.660E+oc 8.155E+03 
4"5 7-;:& "5.122E-03 1-.~37E;"'01 2.61Jf:+OZ 8.543E+03 
46 7.8 -5.244E-03 l.s13E-01 2.566E+Oi 8.932E+03 
47 e.O -5.366E-03 1.610E-Ol 2.520E+02 9.321E+03 
48 e.1 -5.41:J8E-0~ 1.64I1E-Ol 2.473E+0" 9.709£+03 
49 8.l .;.5.610E-03 1.68~E-01 2.426E+02 1.010£+04 
50 8.5 -5.7.32E-03 1.720E-Ol 2.3aOE+0c:! 1.049E+04 
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51 a.6 -5.855E-03 1.756E-Ol 2.333E+OC: 1.087E+04 
52 a.8 -5.978E-03 1.793E-Ol 2.286E+0': 1.126E+04 
53 q~O -6. 1 O"!E';'lJ3 ~.S30E-01 2.240E+0'::: 1.165£+04 
54 9.2 -6.224E-03 1.867E-Ol 2.193E+0<! 1.c04E+04 
55 ct.3 -6.34"7E-03 1.904E-Ol 2.146E+0,: 1.243E+04 
56 ct.5 -6.471E-03 1.941£-01 2.100E+0t: 1.282E+04 
57 ct.7 -6.595E-03 1.97C1E-01 2.053E+0~ le321E+04 
58 9.9 -6.719E-03 2.1)16E-Ol 2.006E+01: 1.360E+04 
'59 10.0 ';'6~844E-03 2.053E-Ol 1.960E+02 1.398E+04 
60 11).2 -6.908E-03 2.091E-Ol 1.~lJE+0", 1. 437E+04 
61 10.4 -7.093£-03 2.12AE-01 1.B66E+0~ 1.476E+04 
62 10.5 -7.218E-OJ 2.166E-Ol 1. tl 20E+Oi 1. 5 15E+04 
63 10~7 -7.343E-03 2.203E-Ol 1.173E+02 1.554E+04 
64 10.9 -7.46ctE-03 2.241E-Ol 1. 726E+Oi 1.593E+04 
65 11.1 -1.595E-03 2.27AE-Ol 1.680E+02 1.632E+04 
66 11.2 -7.721E-03 2.316E-Ol 1.633E+0~ 1.670E+04 
67 11.4 -7.847E-03 2.354E"01 1.S86E+Ol 1.709E+04 
68 11. 6 -7.973E-03 2.392E-Ol 1.540E+0c: 1.748E+04 
69 11.8 -8.100E-03 2.430E-ol 1.493E+Ot.:! 1.787E+04 
70 11.9 .. 8.227E-03 2.46RE-ol 1. 447E+012 1.826E+04 
11 12.1 -8.354[;'03 2.506E-Ol 1.400E+04.': 1.865E+04 
72 12.3 -8.481E-03 2.544E-ol 1.35JE+Oi 1.1:i04E+04 
73 12.4 -8.609E-03 2.583E-Ol 1.307E+0£ 1.942E+04 
74 12.6 -8.737E-03 2.621E-Ol 1.260E+0c: 1.981E+04 
7S 12.8 -8.805E-03 2.659(-01 1.21JE+0<! 2.020(+04 
76 13.0 -8.993E-03 2.69AE-Ol 1.167E+0~ 2.059E+04 
17 i~.l -9.121E-03 2.73I1E-Ol 1.120E+Ol 2.098E+04 
78 13.3 -9.250E-03 2.775E-Ol 1.07JE+o<! 2.137E+04 
79 1~.5 -9.379E-03 2.S14E-ol 1.027E+ot.:! 2.176£+04 
80 13.7 -1I.5u8E-03 2.852E-ol 9.799E+Ol 2.214E+04 
81 '13.8 -9.6::HE-OJ 2.~91E-Ol 9.332E+Ol 2 • .:!53£+04 
B2 14.0 -9.767E-03 2.ct30E-01 B.S60E+01 2.292E+04 
83 14~2 -9;891£-03 2.ct69e:-Ol 8.399E+ol 2.331£+04 
84 14.3 -1.003E-02 3.00PE-Ol 7.93.2£+01 2.370E+04 
85 14~'5 -1.016E-02 3.1)47E-Ol 7.460E+01 2.409E+04 
86 14.7 -1.029E-02 3.086E-Ol 6.999E+01 2.448E+04 
87 14.9 -1.042£-02 3.1211£-01 6.533E+01 2.486E+04 
88 15.0 -1.0!::l5£-02 3.165["'01 6.066£+01 2.525E+04 
89 15;"2 -1~068E-Q2 3.204E-Ol S.599£+Oi 2.564E+()4 
90 15.4 -1.0t3 1E-02 3.244E-Ol 5.133£+0.1. 2.&03E+04 
91 15.6 -1.0~4E-02 3.283£-01 4.666£+01 2.642£+04 
92 15.7 -1.108£-02 3.323E-ol 4.200£+01 2.&81E+04 
93 15~"9 -1.121E-02 3.362£-01 3.733£+01 2.720E+04 
94 16.1 -1.134E-Oc 3.402E-01 3.266£+0.1. 2.758£+04 
95 r6'~2 -1.147£ .. 02 3.44?E-Ol 2.800E+01 2.797E+04 
96 16.4 -1.100E-02 3.481£-01 2.333£+01 2.836£+04 
91 16.6 -1.174£-02 3.521£-01 le866£+OJ. 2.875£+04 
98 16.8 .. 1. 187E-02 3.'561E-Ol 1.400E+OJ. 2.914£+04 
99 16.9 -1.200E-02 3.601£-01 9.332£+00 2.953E+04 

100 17 .1 -1.2hE-02 3.641£-01 4.&66£+Ou 2.992E+04 
101 17.3 -1;227£-02 3'.('82£-01 o. 3.030E+04 
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PROR 
B-2 

CRCP-2 TESTING 
EXAMPLE ~ROBLEM FOR CRCP-2 TESTING 

ALLOW STRENGTH ~UILD UP FOR 90 DAYS 

************************************************ 
* * * 
* 

STEEL PROPERTYE!' * 
* *****************************.****************** 

TYPE OF LONGITUDINAL REINFORCEMENT IS 
DHORMED 8ARS 

PERCENT REfNFORCEMENT = 1.200E+00 
BAR DIA~ETER = 1.000E+OO 
YIELD STRESS = 6.000E+04 
ELASTIC MODULUS = 2.900E+07 
THERMAL COEFFICIENT • 5.000E-06 

******._**-**********-**************.*** •• **.*** 
* 
* 
* 

CONCRETE PHOPER1TES 

* •• ****.****.**--**** •• ******.************ •• ***. 

SLAB THICKNESS = 1.000E+Ol 
THERMAL COEFFICIENT = 5.000E-06 
TOTAL SHRINKAGE = 4.000E-04 
UNIT WEIGHT CONCRETE: 1.500E+02 
COMPRESSIVE STRENGTH: 3.500E+03 

TENSILE STRENGTH OATA 
********************* 

NO TENSILE STRE~GTH DATA IS INPUT BY USER 
THE FOLLO\1lING AGE .. TENSILE STRENGTH HELATIONSHIP 
IS USED WHICH IS ~ASED ON THE RECOMMENDATION 
GIVEN BY U.S. BUREAU OF RFCLAMATION 

AGE. TENSILE 
(DAYS) STRENGTH 

0.0 0.0 
t.O 116.0 
3.1) 249.5 
5.0 n6.S 
7.0 355.4 

14.0 411.8 
21.0 451.3 
28.0 466.7 



o .. 
o 

* 

StAB"SASE FRICTION CHAqACTERISTICS 
F-Y RELATIONSHIp 

TYFE O-F FRICTION CURVE IS A STRAIGHT LINE 

MAXIMUM FRICTION FORCE= 
MOVEMENT AT SLIDING = 

3.0000 
-.1000 

********0***0********0****0*** 
* 0 
0 TE~PERATURE DATA * 
* * 
***********0*0***0********0*0* 

DAY 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
n 
18 
19 
20 

-21 
22 
2"3 
24 
2!:i 
26 
21 
28 

CURING TEMPERATURE= 75.0 

MINIMUM OROP IN 
TEMPERATURE TEMPERATURF 

72.0 3.0 
69.0 6.0 
53.0 22'.0 
51.0 C4.0 
60.0 15.0 
65.0 iO.O 
54.0 21.0 
15.0 bO.O 
59.0 .16.0 
20.U 55.0 
50.0 25.() 
50.0 25.0 
15.0 60.0 
54.0 1::!1.0 
30.0 45.0 
59.0 .16.0 
l5.0 60.0 
54.0 21.0 
S3.0 22.0 
54.0 21.0 
69.0 6.0 
22.0 53.0 
56,,0 19.0 
30.0 45.0 
32.0 403.0 
43.0 32.0 
56.0 .19.0 
57.0 18.0 

MINIMU~ TEMPERATURE EXPECTED AFTER 
CONCRETE GAINS FULl. STHENGTH 
DAYS BEFORE REACHING MIN. TEMP. 

= 0.0 DEbREES FAHRENHEIT 
= 90.0 DAYS 

125 
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•••••• *.***.* •••• ** ••••• * •••• * •••••••• ***.* ••• ** · ~ • 
• 

EXTE~NAL LOAD • .. 
•••••• 0 •••• * •••••••• * •• * •• * ••••••••••••••••••••• 

WHEEL LOAU STRESS (PSI)z O. 
LOAD APPLIED AT = 2~ TH DAY 

*** •••••••••••••• *.* ••••••••••••••••• * •••••••• *. · .. • 
• 

ITERATION AND TOLERANCE CONTROL 

*.* ••• * •• * •••• * •• **** •••••• *.* •••••••• * •••••••• * 

MAXIMUM ALLOWA~LE NU~BER OF ITERATIONS= 30 

HELA'fIV-!" CLOSUR! TOLERANCE: 1.0 PfRCENT 
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CRCP-2 TESTING 
EXAMPlE PROBlE'" FOR CRCP-2 TESTING 

PROS 
B-2 ALLOW STR~N6TH BUILD UP FOR 90 DAYS 

MAXIMUM 
TIME TE"'P DRYING TENSILE CRACK CRACK CONCRETE STRESS IN 

(CAYS) DROP SHRINKAGE STRGTH SPACING WIDTH ~TRESS THE STEtL 

.50 3.0 1.81'+E-06 61.6 4800.0 3.764E-04 1.651E+Ol 1.802E+U3 
1.33 :3".0 4.802E-06 141.5 4800.0 5.504E-04 3.080E+Ol 2.980E+03 
1.50 6.0 5.39'+E-Oo 153.7 4800.0 1.340E-03 5.774E+Ol 5.609E+U3 
2.29 6.0 8.190E-06 207.3 4800.0 1.684E-03 7.472E+Ol 6.990E+03 
2.38 16.0 8.490E-Oo 212.6 4800.1'1 7.031E-03 1.755E+02 1.638E+U4 
2.43 20.0 8.669E-06 215.8 2400.0 9.480E-03 2.130E+02 2.003E+04 
2.44 20.3 8.688E-06 216.2 1200.0 9.4Q2E-03 2.091E+02 1.988E+04 
2.'46 2i.2 S-.15qE~06 211.4 600.0 9.258E-03 2.058E+02 1.970E+U4 
2.50 22.0 8.Ql0E-06 220.1 600.0 9.911·£-03 2.140E+U2 2.046E+U4 
3.43 22.0 1.214E-05 265.3 600.1'1 1.124[-02 2.445E+02 2.292E+U4 
3.50 24.0 1.230E-05 207.6 600.0 1.296E-02 2.639E+02 2.472E+U4 
4.50 15.0 1.576£-05 301.2 600.1'1 7.038E-03 2.029E+02 1.868E+04 
5.50 10.0 1.909E-05 326.9 600.1'1 4.414E-03 1.672E+02 1.512E+U4 
6.33 10'.0 2". 181E-05 342.9 601'1.0 4.917E-03 1.790E+02 1.608E+U4 
6.45 20.0 2.221E-05 345.2 600.0 1.268E-02 2.887E+02 2.621E+U4 
6.50 21.0 2.237E-05 346.1 600.1'1 1.362E-02 2.998E+02 2.722E+U4 
7.31 21.0 2.497E-05 j58.4 600.1'1 1.433E-02 3.122E+02 2.821E+U4 
1.32 25.7 2.S02E-oS 358.5 JO()'~O 1.47SE-02 3.155E+02 2.863E+U4 
7.34 31.5 2.507E-05 358.7 150.0 1.325f-02 2.984E+02 2.711E+U4 
1.37 41.5 2.51S'E-05 359.0 150.0 1.8S0E-02 3.529E+02 3.217E+U4 
1.38 43.0 2.S20E-05 359.1 75.0 1.190E-02 2.826E+02 2.565E+U4 
1.42 53.0 2.53 4 E-05 359.5 75.0 1.508E-02 3.1Bi+E+02 2.898E+U4 
7.50 60.0 2.559E-05 360.3 75.0 1.738E-02 3.421E+02 3.118E+U4 
6.50 16.0 2.j:l76E-OS 369.8 75.0 4.244E-03 1. 1 09E+02 1.509E+U4 
9.30 16.0 3.124E-05 377.3 75.1'1 4.394E-03 1. 754E+02 1.541E+U4 
9~33 2'6.0 3.1341::-05 .377.5 75.0 7.208E-03 2.248E+02 1.999E+04 
9.36 36.0 3. 145E-0!::i .377.9 75.1'1 1.021E-02 2.677E+02 2.397E+U4 
9.41 46-.0 3.158E-05 378.3 75.1'1 1.333E-02 3.061E+02 2.753E+U4 
9.50 55.0 3.187E-05 379.1 75.0 1.624E-02 3.382E+02 3.050E+U4 

10.50 25.0 3.493E-05 388.1 75.1'1 7.15BE-03 2.268E+02 2.003E+04 
11.50 25.0 3.794E-05 396.9 75.0 7.361E-03 2.323E+02 2.041E+04 
1 Z".3"2 2"5;0 4'~ 0 37E - 05 403.9 7C;.0 1.524E-03 2.368E+02 2.072E+04 
12.35 35.0 4.046E-05 404.2 75.0 1.055E-02 2.805E+02 C!.415E+U4 
rz;"38" 45.0 It-.057E-05 404.5 15.0 1.369E-02 3.197E+02 2.837E+04 
12.43 55.0 4.07lE-OS 404.9 75.0 1.692E-02 3·557E+02 3.168E+04 
Ic.-50 60.0 4.090E-05 405;4 75.0 1.8S8E-02 3.729E+02 3.326E+04 
13.50 21.0 4.382E-05 413.7 75.0 6.5S8E-03 2.240E+02 1.940E+04 
~';'33 Z1~O lt~ 6f9'E - o~ 41~~7t 715'.0 6.741E-03 2.281E+02 1.968E+04 
14.37 31.0 4.632E-05 419.6 75.0 9.732E-03 2.142E+02 2.392E+O'+ 
14~43 41 ;0 4.6411E-05 419.9 75.1'1 1.296E-02 3.153E+02 2.170E+04 
14.50 45.0 4.66aE-05 420.3 15.0 1.414E-02 3.308E+02 2.912E+04 
15~-50 1'6.0 It -.9'51E - 05 4~5,3 75~0 5.518E-03 2.077E+02 1.76~E+04 

16.29 16.0 5.171E-05 429.2 75.0 5.652E-03 2.111E+02 1.793E+04 
T8";3'Z '25.0 5'~l79E'~lJ'5 4"29.3 75'.0 a.580E-03 2.602E+02 2.Z43E+04 

H'.35 36.0 5.188E-05 429.5 75.0 1.166E-02 3.034E+02 2.64QE+04 
r6-~-39 46.0 5~ r98E--()S 42"9.7 75.0 1.484E-02 3.42'+E+02 2.998E+04 
16.44 56.0 5.212E-Q~ 429.9 75.1'1 1.810E-02 3.784E+02 3.328E+U4 
I6~50 b().O 5.226E--O"S 430.2 75.0 1.91t3E-02 3.922E+02 3.454E+04 
17.50 21.0 5.501E-05 .435,.0 75.0 7.302E .. 03 2.416E+02 2.060E+04 
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1&.45 21.0 5.158E-05 439.5 1~.O 1.466E-03 2.455E+02 2.081E+U4 
I d .50 22.0 5.711E-05 '+39.8 115.0 1.170E-03 2·505E+02 2.133E+04 
1'9".50 21.0 6.035[-05 444.4 15.(1 1.645E-03 2·498E+02 2.1l6E+ 04 
20.50 6.0 6.296E-05 449.0 115.0 3.579£-03 1· 1 11E+02 1.392E+04 
21.27 6.0 6.494E-05 451.9 115.0 3.689£-03 1· 149E+02 1.414E+U4 
21.30 16.0 6.502E-05 '+52.0 15.0 6.414£-03 20318E+02 1.934E+04 
21.33 26.0 6.510E-05 452.1 15.0 9.459E-03 2.802E+02 2.318E+04 
21.31 36.0 6.520E-05 452.1 115.0 1.258E-02 3.232E+02 2.170E+04 
21.42 46.0 6.532E-05 452.2 15.0 1.579£-02 3.622E+02 3.121E+04 
21.50 53.0 6.553E-0~ 452.4 115.0 1.809£-02 3.818E+02 3.360E+04 
22.50 19.0 6.806E-05 '+54.1 15.0 1.538E-03 2.509E+02 2.099E+04 
23.32 19.0 1.01OE-05 '+56.5 15.0 1.665E-03 2.535E+U2 2.116E+04 
23.36 29.0 1.021E-05 456.6 15.n 1.071£-02 2.991E+02 2.539E+U4 
23.'+2 39.0 1.n34E-05 '+56.1 15.0 1.381[-02 3.412E+02 2.918E+1I4 
23.50 45.0 1.055E-05 456.9 15.0 1.582E-02 3.644£+02 3.129E+04 
24.50 43.0 1.300E-05 "59.1 1~.0 1.534£-02 3.591£+02 3.078E+U4 
25.50 32.0 1.542£-05 461.3 15.0 1.199£-02 3.188£+02 2.696E+04 
20.50 19.0 7.180£-05 463.4 115.0 8.145E-03 2.633£+02 l.18}E+04 
21.50 18.0 8.015£-05 '+65.6 15.0 1.993£-03 2.614E+02 2.156E+U4 



AT THE fNO OF THE A~ALYSIS pERIOD 

CRACK SF~CI~ = 3.125E+00 FEET 
CRACK WIDTH = 2.643E-02 INCHES 
~AX CO~CR~TE STRESS- 4.884E+02 PSI 
MAX STEEL STRESS = 3.284E+04 PSI, 
CONC.TENS.STRENGTH = 4.904£+02 PSI 

STA
nON 

1 
2 
3' 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
lit 
1"5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Z& 
27 
28 
29 
30 
31 
32 
33 
34 
:J9 
36 
37 
38 
39 
40 
4-1 
42 
4"3 
44 
4"'9 
46 
47 
48 
4-9 
50 

DIS
TANCE 

0.0 
.2 
.1t 
.6 
.8 
.9 

1.1 
1.3 
1.5 
1.7 
1.9 
2.1 
2.3 
2.4 
2.6 
2.8 
3.0 
3.Z 
3.lt 
3.6 
3.8' 
3.9 
4.1 
4.3 
4.5 
4.7 
4.-9 
5.1 
5.3 
5.4 
S.b 
5.8 
6-.-0 
6.2 
6-.4-
6.6 
6-;~ 

6.9 
7-;1 
7.3 
1-;5 
7.7 
1;'9 
8.1 
8 .. 3 
a.4 
8.6 
8.8 
9.0 
9.2 

CONCRETE 
MOVEME"T 

o. 
-1.210E .. 04 
-Z-.-419E-04 
-3.6':9E-04 
-4.839E-0 ... 
-6.048E .. 04 
-7.258E-04 
-tJ.4&8E-04t 
-9.617E'~04 

-1.089E-03 
-1.Z10E-03 
-1.332E-03 
-1.454E-03 
-1.57&E-03 
-1.-698E-03 
-1.821E-03 
-1.944E-03 
-2.0b1E-OJ 
";'2. 191E-03 
-2.314E-03 
-Z" ."'38E -03' 
-i.503E-OJ 
.2.687E-03 
-2.81ZE-OJ 
-2.931£-03 
-3.06ZE .. 03 
-3.188,£-03 
-3.314tE-03 
-3.440E-03 
-3.5&6E-03 
-3.693E-03 
-3.820E-03 
-l.947£-03 
-4.015E-03 
-4.Z02E-03 
-4.330E-03 
_lt~4~8E-03 
-4.567E-03 
-4.fl6E .. '(JJ 
-4.845E-03 
-4-~914'E-()'3 

.. 5.104E-03 
-S.233E-03 
-S.364E-03 
-'5-;49,-£ .. (J'3 
-5.&25E-03 
-5 ;15'5£-03 
-5.881E-03 
-6-;'0181::-'03 
-6.1.50E-03 

FRIcTION 
FORCE 

o. 
3.629E-03 
7.25'8E-03 
1.089E-02 
1.452E-02 
1.815E-02 
2.117E-02 
2.540E-02 
2.903E-02 
3.266E-OZ 
3.631E-02 
3.99E1E-OZ 
4.361E-OZ 
4.72AE-OZ 
5.09'5E-OZ 
5.463E-OZ 
5.832E-OZ 
6.202E-02 
6.572E-02 
6.943E-OZ 
1.31I;E-02 
7.688E-OZ 
8.062E-02 
8.436E-OZ 
8.~1?E-OZ 
9.187E-02 
9.'j64E~OZ 
9.942E-02 
1.03(1E-01 
1.010E-01 
1.10I=lE-01 
1.146E-01 
1".184E-Ol 
1.2Z2'E-Ol 
1.~61E';'01 
1.29QE-Ol 
1.338E";'01 
1.316E-Ol 
1.415E--bl 
1.453E-01 
1.492~-01 
1.S31E-Ol 
l.s70E-Ol 
1.609E-01 
1.648E-Ol 
1.687E-01 
1.727E-Ol 
1.766E-01 
1.e05E-01 
l.a45E-OI 

cOI';CRETE 
STRESS 

4.884E+02 
4.884E+0~ 
4.884E+Ol 
4.884E+0" 
4.884E+02 
4.884E+02 
4.884E+OG 
4.884E+0" 
4.884E+Oi 
4.831E+02 
4.778E+02 
4. 725E+0c! 
4.072E+0«: 
4.619E+0(: 
4.566E+02 
4.513E+02 
4.460E+0~ 
4.407E+02 
4.354E+02 
4.301E+0~ 
4.248E+02 
4.194E+Oc 
4.141E+Oc 
4.088E+0i:! 
4.035E+0':: 
3.982E+0.: 
3.9Z9E+02 
3.e76E+o~ 

3.e23E+0~ 
3.170E+02 
3. 717E+02 
3.664E+02 
3.61l~+02 
3.558E+02 
3.505E+02 
3.451E+02 
3.398E+02 
3.345E+02 
3 ;292E'. 0 i 
3.Z39E+02 
3.186E+02 
3.133E+02 
'3.080E+02 
3.0Z7E+Oi 
2~9"74E+02 
2.921E+02 
2.868E+02 
2.815E+0': 
Z.161E+02 
2.708E+0-= 

STEEl.. 
STRESS 

.. 7.835E+03 
-7.835E+03 
-7.835E+03 
-7.835£+03 
-7.835E+03 
-7.835E+03 
-7.835E+03 
-7.835E+03 
-7.834E+03 
-7.J92E+03 
-6.950E+03 
-6.508E+03 
-6.066E+03 
-5.624E+03 
-5.182E+03 
-4.140E+03 
-4.Z98E+03 
-3.855E+03 
-3.413E+03 
-2.911E+03 
-2.529E+03 
"2.081E+03 
-1.645E+03 
-1.203E+03 
-7.608E+02 
-3.187E+02 

1.234E+02 
S.b55E+02 
1.008E+03 
1.450E+03 
1.892E+03 
2.334E+03 
2.776E+03 
3.218£+03 
3.660E+03 
4.102E+03 
4.544E+03 
4.986E+03 
5.429£+03 
5.871E+03 
6.313E+03 
6.155E+03 
1.191E+03 
7.039£+03 
8.-081E.03 
8.523E+03 
8.965E+03 
9.401E+03 
9.849£+03 
1.029E+04 
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51 9.1+ -6.2&2E-03 1.R85E-01 2.655E+0" 1.013£+01+ 
52 9.6 -6.1+1I+E-03 1.924E-Ol 2.602E+0" 1.118E+04 
53 <;i.8 -6.51+6E-OJ 1.964E-01 2.S49E+0ti: 1.162E+04 
54 9.9 -6.619E-03 2.004E-01 2.496E+0c! 1.206E+04 
55 10.1 -6.812E-03 2.044E-Ol 2. 443E+Ol 1.250E+04 
56 10.3 -6.91t5E-03 2.084E-Ol 2.390E+0c! 1.29I+E+04 
51 1 o~5 -1.079E-03 2.124E-0 1 2.337E+0c! 1.339E+01+ 
58 10.7 -7.213E-03 2.164E-01 2.284E+0c! 1.383E+04 
59 10. '9 -7.341£-03 2.204E-01 2.231E+02 1.427E+04 
60 11.1 -7.4alE-OJ 2.244E-Ol 2.111E+02 1.411E+04 
61 11.3 -7.616E-03 2.285£-01 2.124E+02 1.515E+01+ 
62 11.4 -7.750E-03 2.325E-Ol 2.071E+02 1.560E,+01+ 
63 11.6 -7.B86E-03 2.36(1.E-Ol 2.01BE+02 1.60I+E+01+ 
64 11.B -8.021E .. 03 2.406E-01 1.965E+Oc 1.64BE+04 
65 12.0 -8-. 151E';1)3 2.441[-01 1.9UE+0~ 1.692E+04 
66 12.2 -8.29.3E-03 2.4BRE-Ol 1.859E+02 1.731E+04 
67 12.4 -8.429E-03 2.52QE-01 I.B06E+0i::! 1.781E+04 
68 12.6 -8.565E-03 2.57OE-Ol 1. 753E+02 1.ti25E+04 
69 12.7 -8.702E-03 2.611E-01 1.700E+0c! 1.869E+04 
70 12.9 -8.8:39E-03 2.652E-01 1.646E+O~ 1.'ill3E+04 
71 13.1 -8.976E-03 2.693E-01 1.593E+0c! 1. 958E+01+ 
72 13.3 -9. 114E-0';; 2.734E-Ol le540E+0c! 2.002E+01t 
73 13.5 -9.251E-03 2.776E-Ol 1.487E+02 2.046E+04 
14 13.7 -9.389E-03 2.817E-01 1.434E+0i! 2.Q90E+01+ 
75 13.9 -9.528E-03 2.a5RE-01 1.381E+01: 2.134E+01+ 
16 14.1 -9.666E-OJ 2.90nE-01 le32BE+0l! 2.179E+04 
71 14.2 -9.S05E-03 2.942E-01 1.275E+02 2.223E+04 
78 14.4 -~.944E-03 2.983E-01 le222E+Oc 2.267E+04 
19 14.6 -1.008E-02 3.02C;E-01 1.169E+Oc 2.311E+04 
80 14.8 -1.0c2E-02 3.067E-01 1.115E+0c! 2.355E+04 
81 15.0 -1.036E-02 3.1PQE-01 1.062E+0c! 2.400E+U4 
82 15.2 -1.050E-02 3.151E-01 1.009E+02 2.44I+E+04 
83 15.~ -1.064E-02 3.193E-Ol 9.561E+01 2.488E+04 
84 15.6 -1.078E-02 3.23c;E-01 9.030E+Ol 2.532E+04 
85 15.7 -1.093E-02 3.27AE-01 8.499E+01 2.576E+01+ 
86 15.9 -1.107E-02 3.'320E-Ol 7.967E+Ol 2.621E+04 
87 16.1 -1.121E-02 3.362E-01 7.436E+01 2.665E+04 
88 16.3 -1.135E-02 3.40c;E-01 6.905E+01 2.109E+04 
89 16.5 -1.149E-02 3.44AE-01 6.374E+0! 2.753E+04 
90 16.7 -1.163E-02 3.490E-01 5.843E+0J. 2.798E+04 
91 16.9 -1.178E-02 3.1533[-01 5.312E+01 2.842E+04 
92 17.1 -1.192E-02 3.576E-01 4.180E+Ol 2.886E+04 
93 17.2 -1.206E-0~ 3.61QE-01 4.249E+Ol 2.930E+04 
94 17.4 -1.221E-02 3.662E-01 3.718E+01 2.974E+04 
95 17.6 .1.235E-02 3.71)!I;E-Ol 3.187E+Ol 3.019E+04 
96 17.8 -1.21t9E-02 3.74AE-01 Z.656E+01 3.063E+04 
91 18.0 -1.264E .. -02 3.791E-Ol 2.124E+Ol 3.107E+04 
98 18.2 -1.278E-Oc 3.83!1;E-01 1.S9JE+0J. 3.151E+04 
99 18.4 -1.293E-02 3.B19E-01 1.062E+01 3.195E+04 

100 18.6 -1.307E-02 3.921E-01 5.307E+O\,l 3.~40E+04 
101 HJ.7 -1.322E-02 3.965E-Ol -f,.037£-oJ 3.284E+04 



~ROB 

CRCP-Z TESTING 
EFFlCT OF EXT~RNAL LOAD 

C-1 ZERO EXTERNAL LOAD 

************************************************ 
* 
* 
* 

STE!L PROPERTIES * 
* 
* ************************************************ 

TYPE OF LONgITUDINAL REINFORCEMENT IS 
DEFORMED 8ARS 

PERClNT REINFORCEMENT. 1.200E+00 
8AR DIAMETER • 1.000£+00 
YIELD STR~SS • b.000E+e4 
ELASTIC MODULUS • 2.Q00!+S7 
THER~AL COEFFICI!NT • 5.00IE-0b 

************************************************ 
* * 
* 
* 

CONCRETE PRQfERTI!S * 
* ************************************************ 

SLAB THICKNESS • 1.210E+01 
THER~4L COEFFICIENT • 5.000£-06 
TOTAL S~RINKAGE • 4.000E-04 
UNIT wEIGHT CONCRETE8 1.500E+02 
COMPRESSIVE STRENGTH. §.000E+03 

TENS!LE STRENGT~ DATA 
********************* 

NO TENSILE STRENGTH DAT4 IS INPUT BY USER 
THE FOLLOWING AGE-TENSILE STRENGTH RELATIONSHIP 
IS USED WHICH IS 8ASED ON TH! RECOMMENDATION 
GIVEN BY U.S. BUREAU 0' RECLAMATION 

AGE, TENSILE 
(DAYS) STRENGTH 

S.0 0.1 
1.0 157.Q 
3,0 322.0 
5,O ]Q8.5 
7.1 44~.6 

14.9 506,2 
21,0 540,2 
28.0 555.6 
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************************************************ 
* * * SLAe.aASE FRICTION CHARACTERI8TICS * 
* ,.v RELATIONSHIP * 
* * ************************************************ 

TYPE OF FRICTION CURVE IS A STRAIGHT LINE 

MA.IMUM F~ICTION FORC!8 
MOV!MENT AT 8~IDING • 

****************************** 
* * 
* TEMPERATURE DATA * 
* * 
****************************** 

CURING TEMPERATURE. 75.1 

MINIMUM ORO,. IN 
DAY TEMPERATURE TEMPERATURE 

1 65,0 10.1 
2 65.0 18.1 
3 65. 1 ur,e 
II 65.8 10.8 
5 65.8 lB.e 
6 65.8 lB.I 
7 6s.a 10.8 
e 65. 0 10." 
9 65,8 10.0 

11 65,0 U.0 
11 a5.0 U.IIJ 
U 65.0 11.0 
13 05. 8 u.e 
14 61].8 U.IIJ 
15 65,8 10 .' 
16 65.'" 11.8 
11 55." 20.0 
18 55.0 20.0 
19 55.' 2 GIl ,0 
21 55,'" 20.1 
21 55.0 20." 
22 55,0 20,e 
23 55,. Z"." 
24 55,0 211.11 
2S 55.0 20,0 
26 55," 20,1 
21 55," 211.0 
28 55,0 Z0.8 

MINIMUM TEMPERATURE IXPECTED A'TEA 
CONCRETE GAINS FULL STRENGTH 8 3.,' OEIREES 'AMRENHEIT 
DAYS BEFORE REACHING MIN. TEMP. • ge.0 DAva 



************************************************ 
* 
* 
* 

EXTERNAL LOAD * 
* 
* ************************************************ 

WHEEL LOAD ST~!SS (PSI). e. 
LOAD APPLIED AT • 28 TM DAY 

************************************************ 
* 
* 
* 

IT!RATION AND TOLERANC! CONTROL * 
* 
* ************************************************ 

MAXI"u" ALLO~ABL! NU~8ER OF ITERATIONS. 30 

RELATIVE CLOSURE TOLERANt!- 1.0 PERC!NT 
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CRCP-2 TUTINQ 
E~'!CT OF EXT!RNAL LOAO 

'''oe 
C-1 ZERO EXTERNAL LOAO 

MAXhlU"" TIlliE TEIIIP DRyING TENSILE CRACK CRACK CONCR!T! STRESS IN 
(DAYS) DROP SHRINKAG! STRGTH SPACING WIDTH STRESS THE STEEL. 

,50 10,1il t,81 4!_1116 85,7 48110, III 2,BU!-n 6,U5!+!1 6,460E+9] 
1,5111 10,111 5,n4!-'U 2146,0 4(t/IIB,'" 3,121[-0] 1,075[+142 1,032h04 
2,50 trII, '" 8,q1 0E-06 287 ,3 4809,0 4,070£_03 1,422E+1il2 1,317E+04 
3,50 10,0 1,236!:-05 J42,q 4800,11 4,q62!-0] 1,7nE+92 1,553E+04 
4,50 10,0 1,576E-05 381,111 4800,0 5,815£-'113 1,q54E+02 1,753E+04 
5,50 trII,1'6 1,q0qE'-05 40q,6 4800,0 6,663£-03 2,177£+"'2 1,q35E+04 
tI,5i1 10 ,0 2,237E-05 4)0,6 4800,0 7,4qqE-03 2,377£+''12 2,(IIQqE+04 
7,50 U,1lI 2~55QE-B5 445,8 4890,1Il 8,31U-03 2,558E+1Il2 2,246E+04 
8,50 10,0 2,876£-1Il5 456,14 48011l," Q,114E-03 2,718[+02 2,376E+04 
Q,50 10,1Il ),187£-05 465,Q 4800,0 Q,Q40[_03 2,87Q!+02 2,5"'7E+04 

10,50 10,0 3,4Q3E-05 475,4 4800,0 1,IIl7QE-e2 3,041h11l2 2,637E+04 
11,5['1 10,0 3,7Q4E-05 484,6 4811l0,0 1,168E-1Il2 3,204!+02 2,76QE+04 
12,50 10,0 4,0Q0[-05 4Q3,4 48911l,0 1,2SQe:-1Il2 3,367E+02 2,Q02E+11I4 
13,50 10,'" 4,382E-05 511l2,0 4800,1Il 1,353E-02 3,53l!:+02 3,034E+04 
14,50 11',14 4,bb8!-a5 508,8 4800,0 1,44"E-02 3,685£+02 3,15QE+l/14 
15,50 10,0 4,QS1!-1Il5 513,Q 4812111l,0 1,531E-02 3,82QE+A2 3,274E+04 
16 ,33 1111 ,0 5,182[-05 518,1 4800,0 1,t!14E-02 3,Q48E+02 3,370£+04 
16,41 16,7 5,2e3Ed5 518,4 2,,0",0 2,57eE-1Il2 5,016E+02 4,346e:+04 
16,42 17,7 5,207[-95 518,5 1200,@ Z,442E-0 2 4,862!+92 4,231E+04 
16,50 20 ,'" 5,2l8!-05 518,Q 600,0 2,273£-02 4,680£+02 4,07Qe:+04 
17,50 20,0 S,5@u:-05 523,8 (100,0 Z,352E-02 4,787!+02 4,1tI3E+04 
18,50 20,0 5,771 E-as 528,6 000,0 2,432[-1112 4,SQ2E+02 4,247!+1!I4 
1Q,5i!1 20 ,0 6,035!-05 53].3 6"",0 l,S11E-02 4,QQ6E+02 4,33@!:+04 
Z0,S0 20,0 6,iQ6E-05 538,0 600,9 2,5Q0E-0Z 5,100E+92 4,412E+04 
2 I ,50 20,0 6.553E-05 541,4 6011l,0 2,""6£-02 5,1 Q3E+0i? 4,48bE+04 
22,50 29,0 6,806E-95 543,6 b00,0 2,73ee.-1Il2 5,Z75!+02 4,551E+04 
23,50 20,0 7,055!-'" 545,8 600,0 2,80QE-02 5,357!+02 4,615E+1Il4 
24,50 20,0 7,300E-05 548,0 30@,0 2,e7SE-e2 4,698h02 J,Q40E+04 
25,5111 2O," 7,542!-05 550,2 300,1Il 2,121E-02 4,670£+02 3,Q87E+04 
21>,50 2O," 7,780E-05 552.4 300,0 2,167E-02 4,731E+02 4,034E+04 
27 ,50 2",0 8,015£-05 554,5 3fn,0 2,212E-02 4,7Q2E+02 4,080E+04 
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AT TH! !ND OF TH! ANAlYS18 PERIOD 

CRACIC SPACING • 4 •• ee!+01 II'£ET 
CRACIC wIDTH • 3.tH 4[.02 INCHES 
MAX CONCR£TE STRESS. 5,740£+02 PSI 
MAX STEfl STRESS • 3."U+04 PSI, 
CONe.TENs.STR[NGTH • 5.7n!+02 PSI 

STA- DU- CONCFtI!T£ FRICTION CONCR!TE STEEL 
TION TANCE MOV[fi1ENT FORCE STRESS STRESS 

1 e,e I, ", 5,740£+12 -1.a.a[+03 
2 ,3 -l,"'1!-1iII4 1,39.[-., 5,140[+12 -1,e,e!+"3 
3 " .2.1'S!-". 2,7geE-03 5.740E+12 -1.8'e!+1i!I3 
4 ,a -4,19'[-"4 4,1"£-03 5,740[+12 .',898E+1II3 
S 1.1 .S,Isc,5!_04 5,5'5E.03 5,140E+12 -1,8ge!+03 

• 1,4 •••• '4[.04 ',994E.e3 5.140[+02 -1.8'S[+03 
7 1,7 -8,393!-94 8,3'3£-03 5,740E+02 -1,898E+13 
8 2," .',".lE-04 ',792E-03 5,740[+02 .',8gee;+1!13 , 2,3 -1.11'!-13 1.11'£-02 5.740E+I2 .',e'8£+03 

10 2,5 -1.25'[-13 l,259E-I2 5,74I1E+02 -1.a'8!+03 
11 2,8 -1,3"!-03 l,399E-"2 5,740[+02 -1.8.eE+03 
12 3.1 .1,53.!-03 1.539£-02 5,140!+0l -7,ege[+03 
13 3,4 -1,',9!-03 1, .79e:-02 5.140E+02 -1,egeE+03 
14 3." .l,818E-I3 1.818E-'2 5,1U1E+02 .7,egeE+03 
15 3.' .1.958[-03 1 ,'58E-1i!I2 5,740E+02 -1.8'8[+03 
10 4.2 -2.098[.13 2.0'8£.'2 5,140£+'2 -1.e'8!+03 
17 4.5 -2.znE-e3 2,238E-I2 5.140[+02 -7.e,e£+03 
18 4.8 -2.318[-13 2,378Ed2 5,140!+02 -7,e,ee:+83 
19 5,1 -2,518[·13 2,518E-02 5,1"0E+02 -7,8,eE+03 
20 5.3 -2 •• 58£_03 2,.58E-02 5,140E+02 -1,8'8E+03 
21 5.' -Z,1CJ8!-I3 2.798E-I2 5,140E+02 -1,e98!+'3 
22 5,9 -2,9J7E-1iII3 2,931e:-02 5,740£+12 -1,egeE+03 
23 .,2 -3,077!-rn 3,017!-"2 5,139!:+02 -7.8'8[+03 
24 ',5 -3,217E-03 3 t 2tH-12 5,719E+1i!I2 -1,a98!:+03 
25 &,8 -3,357£-"3 3,351E-12 5,13'E+02 -1,e,e[+03 
26 1,0 _3,497!_0! 3,4'1[-82 5,139E+02 -1,e98E+03 
21 1,3 -3.637£-03 3,.31E-12 5,139£+02 -1,e98E+03 
21 7,' -3,17n-0] 3,171E.02 5,13t1!:+02 -",e'S!+0) 
2' 1,' -3,917£-'3 3,911E·02 5.139£+82 -1,8'8!+"3 
38 e,l -4,056E-03 4,051E-02 5,1]9E+02 -1,e'8!+03 
31 8,4 _4, 19.!-0] 4,1"[-'2 5,1]'£+02 -7,898E+03 
32 8,1 -4,336E-I! 4,33.£-02 5.139£+12 -7.8'8£+03 
33 ',0 -4,47'[-(6] 4,416E-02 5,139E+02 .7.898E+03 
34 ',3 -4,U.!-03 4,.UE-12 5,139£+82 -7,8'8E+fIl3 
35 ',' -4,15.£-03 4,15&[-12 5,139E+02 .',a98[+03 
3. ',8 _4,89.£-03 4,8"£-82 5,13'[+82 .',a98!+03 
31 HII,1 -5,0]'E-03 !5,03.!-02 5.13'E+02 -1,898E+03 
38 10,4 -5,175[ .. 0] 5,t16E-0! 5.13'!+12 -7,8'8E+U 
3' 18,1 -5. 315£-r1l3 5,315E-12 5.13'£+'2 .'.8teEU3 
40 U," -5.455£-03 S,455!.'2 5.13'£+02 .7,898[+03 
41 11,3 .5,595!-03 5.5'-51-'2 5.11e!+'2 -1,n9E+I3 
42 11,5 -5.136[_03 5.1]6£.02 5.'UE+12 .',e4'E+03 
43 U.8 .5,877E-13 5,811E·I2 5. S18!+0;! - •• 053E+fU 
44 12,1 -6," 18E-1iI3 6,018!e02 5,423£+82 ·5,201£+83 
itS 12,4 _ •• I&S!_8] 6, uQIE-n 5.J28!+02 -4,468£+03 
"6 12.1 -6,3'U-0! '.313£-'2 5,233£+82 .],615!+I3 
41 12,' .',446E .. "3 ",UbE-1iI2 5. 131£+e2 -2.883E+03 
48 n,2 - •• ,'0!-03 ',5'01!-S2 1J.04U.01 -2,0,eE+03 
49 U.S -6.135E-03 6.135£-'2 4,941E+02 -t.2'8E+03 
51 U,8 -b,88Ii1E-n 6,880E-I2 4,852!+l!I2 -5,051£+1112 
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51 1",1 -7,0UE-0] 7,0Z6!-02 1.I,757E+02 2,175!+S2 
52 14,3 -7,172E-0J 7,172E-02 4,662E+02 1,1!I80E+13 
5) 14,6 -7,31 '!:-I/13 7~31qE-1!J2 4,567£+02 1,UlE+03 
54 14,q -7,466!-03 7,467E-U 1.I,41lf+02 2,665E+03 
55 15,2 -7,615£-0] 7,U5E-02 4,376£+12 3e 458E+03 
56 15,5 -7,763E-03 7,763E-92 4,281E+'2 4,251E+03 
57 15,7 -7,Q1U-03 7,'13E-02 4,186E+02 5,043!+11Il 
58 16,1iI -8,062(-03 8,"63E-!!;! ",0'lE+02 5,IJ6£+IIl] 

" 16,3 -S,i13E-0] 8,213E-02 3,QC,6E+1iI2 6,628£+03 
60 16,e -8,364[-03 8,lb4e:-1!J2 3,'01E+02 7,421E+03 
U It»,' -8,516!e03 8,516!-02 ],806E+02 8,214£+0] 
62 17 ,2 -8,668E-0J 8,e68E-1!I2 3,7UE+1!I2 ',1II06E+0] 
6] 17,4 -8,82 a-1Il3 8,821E-1iI2 3,615£+S2 ',7"E+0l 
64 17,7 -8,'74E-03 8, '74E-02 3,52Ii1E+02 1,0S'E+B4 
6' 18,111 -',128Ee0] ',12,E-12 3,425E+12 1,138£+04 
66 18,] -',ZBn-03 ',213[-02 3,3](i1E+02 1.218E+04 
67 18,6 _',43SE-0] ',43eE-U 3,235E+02 1~2'7!+04 
68 18,8 -',5'4E-03 ',5'4[-02 3,140E+1II2 1,37bE+1rJ4 
6' l' ,I .',751E-III] ',751E-02 3,U5[+02 1,455£+1114 
7I!l 1',4 -','IiI8!-0J ','08[-02 2,'4'£+02 1,535E+"4 
71 1',7 -1,11iI7£-02 1,0rnE-1II1 2,854E+02 1,614E+04 
7'l 20,0 -1,022[-02 1,0'l2E-01 2,75'E+02 1,6'3E+04 
13 20,2 -1,038(-"2 1,038[-01 2,664E+02 1,77lE+11I4 
74 20,5 -1,054E-02 1,054E-01 2,56'£+02 1,85l!+S4 
75 20,8 -1,0721[-02 1,0UE-ill 2,474E+1!I2 1,'31£+04 
16 11,1 -1,0861:-02 1,086E-ll 2,37'E+02 2,I!I10E+1i4 
77 21.4 -1,112E-02 1,10'lE-01 2,28lE+S2 2,0'0E+04 
78 ;11,7 -1,11'[-02 1,l1'E-01 2,188E+02 2,16'E+B4 

" 21.' -1,135E-1II2 1,135E-l1Jl 2,0'3E+82 2,248E+04 
ee 22,2 -1,151[-02 1,151[-01 1, "8[+O2 2,327£+04 
81 22.5 _1,167[_02 1,167[-01 1,'03E+02 2,407E+04 
82 12,8 -1,184[-02 1,184E-01 1.808E+02 2,486£+1114 
83 23,1 -1,is0E-02 1,200E-01 1.'713E+02 Z,565E+04 
84 23,3 -1,217E-02 1,217[-81 1,617E+02 2.644E+1II4 
15 23,6 -1,233E-02 1,231E-01 1,522E+1a2 2,724!+04 
86 23.' -1.21J0!-02 t ,250!-11 1,I.IZ7!+0l 2,803E+04 
87 24.2 . -1,i6U.02 1,267[-"1 1,332E+02 2,882E+184 
88 21.1,15 -1,284E-02 1,284[-01 1,237E+82 2,'61£+04 
8' 24,7 -1,10I1lE-02 1,30IE-01 1,142E+B2 3,041E+04 
'0 25,8 -1,317E-"2 1,317E-01 1,047£+02 3,12I1lE+04 
'1 25.3 -1,334E-02 1,334E-1II1 Q,514[+01 3,1"E+1II4 
'2 25,6 -1.351E-02 1,351!-01 8,5'3E+01 3,278E+04 
'3 25,' -1,308E-02 1,368E-01 7,611E+11H ],358E+04 
'4 26,2 -1,385E-02 1,386£-01 6,660!+01 3,437E+01.1 
'5 26," -1,4Bn.12 1,403E-U 5,7BeE+01 3,516[+S4 
'6 26." -1,420E-1II2 1,42B!-tll 4,757E+01 1,5.5E+04 
'7 27,O -1,4J7(-02 1,437[-01 3,806[+01 3,675E+04 
'8 27,3 -1,455!-02 1,1.I55E-"1 2,854£+01 3e 754[+04 

" ~7,0 -1,472[-02 1,472£-01 1,'03E+01 1,831E+i4 
108 27,8 -1,4'0E-02 1,4'0£-81 ',512!+00 3,.13£+04 
101 Z8,1 -1.507!-92 1,507£-" 1 -],237!eS] 3."2£+0'1 



PROB 
C-2 

CRCP-? TESTING 
EFFECT OF ExTERNAL LOAD 

EXTERNAL LOAn = 18000.0 LR. 

* 
* 
* 

STEEL PROPERTIES * 
* ... 

*****************************************.****** 

TYPE OF LONGITUDINAL R~INFORCEMENT IS 
OEFOAMEO BARS 

PERCENT RE HIF ORCEMENT 
BAR OIAMETER 
YIELD STRESS 
ELA-STIC MOnULUS 
THERMAL COEFFICIENT 

= 1.200E+OI) 
= 1.000E+OO 
= 6.000E+04 
= 2.900E+07 
= C;.OOOE-06 

*****************************************.****** 
* 
* 
* 

CONCRET~ PROPERTIFS * 
* 
* 

************************************************ 

SLAB THICKNESS = 1.200E+01 
THERMAL COEFFICIENT = 5.000E-06 
TOTAL SHRINKAGE = 4.000E-04 
U~IIT WEIGHT CONCPETE= 1.C;OOf+02 
COMPRESSIVE STRENGTH: 5.000E+03 

TENSILE STRENGTH DATA 
********************* 

NO TENSILE STRENGTH DATA Is TNPUT By USED 
TH~ FOLLOWING AGE-TENSILE STRENGTH RELATYONSHIP 
IS USEo WHICH IS BASED ON THE RECOMMENDATyON 
GIVEN RY U.S. BUREaU OF RECLAMATION 

AGE. THISILE 
(D~YS) STRENGTH 

0.0 0.0 
1.0 )57.9 
3.0 322.0 
5.0 398.5 
7.0 440.6 

14.0 -;06.2 
21.0 1540.2 
28.0 555.6 

137 



138 

*********************************************0*0 
* * 
* 
* 
* 

SLAR-RASE FPICTION CHARACTERISTTCS 
F-v RELATIONSHTP 

************************************************ 

TYPE OF FRICTION CURVE IS A STRAIGHT LINE 

MAXIMUM FRICTION FORCE= 
MOVEMENT AT ~LIDING = 

1.0000 
-.1000 

****************************** 
* * 
* TEMPERATURE DATA * 
* * 
****************************** 

CURING TEMPERATURE= 15.0 

MINIMUM OROP IN 
DAY TEMPERATURE TEMPERATURE 

1 Fl5.0 10.0 
i 65.0 10.0 
3 
4 
5 

" 1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
-22 
23 
24 
25 
ttl 
27 
28 

65.0 10.0 
65.0 10.0 
l>5.0 10.0 
65.0 10 .. 0 
,,5.0 10.0 
FlS.O 10~0 
f-5.0 10.0 
,.,5.0 10.0 
FlS.O 10.0 
65.0 10.0 
65.0 10,.0 
65.0 10.0 
Fl5.0 10.0 
,,~.o 10.0 
C;5.0 20.0 
55.0 20".0 
55.0 20.0 
S"S~O 20~0 
55.0 20.0 
'55.0 2(".0 
55.0 20.0 
55.0 20.0 
55.0 20.0 
'55.0 20'.0 
55.0 20.0 
55"0 20;0 

MtNrMUM TEMPERATURE EXPECTED A~TER 
CONCRfTE GAINS FULL STRENGTH 
tfA"YS-IJEFOFfE""'l=!tACH IN"a'·MIN. TE14P. 

= 30.0 DEGREES FAHHENHETT 
• 90.'0 CA'Y5 



************************************************ 
* * 
* 
* 

EXTERNAL LO"n * 
* 

************************************************ 

WHEEL LOAD (LBS) 
WHEEL RASE RADIUS (IN) 
SUBGRAOE MODULUS (PSI) 
CONCRETE MonuLUS (PSI) 
LOAD ApPLIED AT 
CALC.LnAD STRESS (PSI) 

= 1.800£+04 
= 6.C;00E+00 
= 1.500E+(12 
= 4.?Q7F.+n6 
= 7 TH DAY 
= 1.7"OE+02 

************************************************ 
* * 
* 
* 

ITERATION AND TOLERANCE CONTROL * 
* ************************************************ 

MAXIMUM ALLOWABLE NUMAER OF ITERATIONS= 30 

RELATIVE CLOSURE TOLERANCE- 1.0 PERCENT 
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CRCP-2 TESTING 
EFFECT OF EXTERNAL LOAD 

PROS 
C-2 EXTERNAL LOA", z: 18000.0 LB. 

MAXIMUM 
TIME TEMP DRYING TENSILE CRACt< CRACK CONCRETE STRESS IN 

(DAYS) DROP SHRINKAGE SlRG'I'H SPACiNG wIDTH STRESS THE STEEL 

.50 10.0 1.814E-06 81;'7 4800.0 ?.01QE-03 6.06~E+Ol ".460£+03 
1.50 10·0 5.394£-06 206·0 4800.0 3.121E-03 1.075£+02 1.032£+04 
2.50 10·0 e.910f-06 287.3 4800.0 4.070E-03 1.422[+02 }.3nE+04 
3·50 10.0 1·236[-05 342·9 4800·9 4.962E-03 1.709£+'02 1.553E+04 
4-50 10.0 1.S76E-05 381.0 4800.0 5.815£-03 j.954E+02 1.753£+04 
5·50 10.0 1·909£-05 409.6 4800.0 6.663E-03 ?177£+0? 1.935F+04 
6·50 10·0 2.2::17E;"05 430·6 4800.0 7.499E-03 2.377£+02 2.099E+04 
7.50 10.0 2.559E-05 445.8 4800.0 8.319£-03 4.318£+02 2.246E+04 
8.50 10.0 2.876E-05 456.0 4800.0 9.114E-03 4.478E+02 2.376E:+04 
9.50 10.0 3.187e:"05 465.9 2400.0 8.970E-03 4.574E+02 2.463f+1)4 

10.5 0 10.0 3.493£"05 475.4 i200.0 9.261E-03 4.607£+02 2.489£+04 
11.50 10.0 3.794[-05 484.6 1200.0 1.001E-02 4.750£+{I? 2.6061:+04 
12·50 10·0 4·090[-05 493·4 600·0 9.280E-03 4.666£+02 2.521E+04 
13·50 10.0 4.382[-05 502·0 600.0 9.910E-03 4.791£+0? 2.622E+04 
14.50 10.0 4.668[-05 508.8 600.0 1.053E-02 4.907£+02 2.715£+04 
15.50 10.0 4.951e:-1)5 513.9 600.0 1.113E-02 5.013E+02 2.801f+04 
16.33 io.o 5.182E~G5 518.1 600.0 1.163E-02 e:.l02£+02 2.873£:+04 
1~.34 10.6 5.184[-05 518.1 300.0 9.457E-03 4.771£+02 2.571'£+04 
16.38 ]4.6 5.195E-05 518.3 lS0.0 8.630E-03 4.6310.£+02 2.454(+1'14 
16.50 20·0 5.228E-05 518.9 150.0 '.133E-02 ~.05AE+02 2.8351:.+04 
17.S0 20.0 5.501E-05 523.8 150.0 1.16SE-02 -;.121£+1'12 2.882E+04 
la.50 20.0 5.771E-05 528.6 150.0 1.196£-02 -;.183E+Q2 2.928E+04 
19.50 20.0 6.035£-05 533.3 150.0 1.226E-02 -;.244£+02 2.974£+04 
2i.50 20.0 6.296[-OS 538.0 150.0 1.257E-02 S.30~E+02 3.019£+(14 
21.50 20.0 6.S53E-05 541.4 15.0 7.938E-03 4.S87E+02 2.362E+04 
22.50 20.0 6.806E-05 543.6 75.0 8.097[-03 4.622E+02 2.385E+04 
23.50 20.0 7.055E-05 545.8 75.0 8.254E-03 4.657E+02 2.409E+04 
24.50 20.0 7.300E-05 548.0 75.0 8.410E-03 4.691E+02 2.431E+04 
25·50 20.0 1~542'E-05 550.2 75.0 8.563£-03 4.725£+02 2.454E+04 
26.50 20·0 7.7130E-05 552.4 15.0 8.71SE-03 4.758£·02 2.476£+04 
27.50 20.0 8.015£-05 554.5 15.0 8.865£-03 .. 7qlE+Q2 2.498£·04 
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AT THE END OF THE ANALYSIS PERIOn 

CRACK SPACING • 2.002E+00 FEET 
CRACK WIDTH • 1.393E-02 INCHES 
MAX CONCRETE STRESS. 5.823E+02 PSI 
MAX STEEL STRESS • 2.345E+04 PSlt 
CONC.TENS.STRENGTH • 5.789E+02 PSI 

SU- DIS- CONCRETE FRICTION CONCRETE STEEL 
lION TANCE MOVEMENT FORCE STRESS STRESS 

1 0.0 o. O. 4.062E+02 -1.040E+04 
2 .1 -6;427E-05 6.427£-04 4·022E+02 -1.006E.+04 
3 .2 -1.287E-04 1.287£-03 3.981E+02 -9.7231:.+03 
4 .4 -1~931E-04 1.931£-03 3.941E+02 -9.385E+03 
5 .5 -2~577E-04 2.577E-03 3.900E+02 -9.046t.+03 
6 .6 -3;225£-04 3.225£-()3 3.859E+02 -8.108E.+03 
7 .7 -3;873E-04 3.873£-03 3.S19E+02 -8.369E+03 
8 .8 -4~522E-04 4.522E-03 3.778E+02 -8.031E.+03 
9 1.0 -5;172E-04 5.172E-03 3.737E+02 -7.6921:.+03 

10 1.1 -5~824E-04 5.824E-03 3.697E+02 -7.354E+03 
11 1.2 -6;476£-04 6.476E-03 3.656E+02 -7.015E.+03 
12 i.3 -7;i30E-04 7.130E-03 3·616E+02 -6.677E.+03 
13 1.4 -7~785E-04 7.785£-03 3.575E·02 -6.338E.+03 
14 1.6 -8~440E-04 8.440E-03 3.534E+02 -6.000E.+03 
15 1.7 -9.097E"04 9.097E-03 3.494E·02 -5.6611:.+03 
16 1.8 -9~755E-04 9.755E-03 3.453E+02 -5.323[+03 
17 1.9 -1~041E-03 1.041E-02 3.412E+02 -4.9841:.+03 
i8 2.0 -1;107E-03 1.107E-02 3.372E+n2 -4.646f+03 
19 2.2 -1.114E-1}3 1.174E-02 3.331E+02 -4.307~+03 
20 2.3 -1~240E-03 1.240E-02 3.291E+02 -3.969E+03 
21 2.4 -1~306E-03 1.306E-02 3.250E+02 -3.630E.+03 
22 2.5 -1~373E-03 1.373£-02 3·209E+02 -3.2921:.+03 
23 2.6 -1.439E-03 1.439£-02 3.\69E+02 -2.9531:.+03 
24 2.8 -1~506E-03 1.506E-02 3·128E+n2 -2.615E.+03 
25 2.9 -1~573E-03 1.573E-02 3·087E+02 -2.276E.+03 
26 3.0 -1.639E-03 1.639£-02 3.047E+02 -1.9381:,+03 
27 3.1 -1~706E-03 1.706E-02 3·006E+02 -1.5991:.+03 
28 3.2 -1.713E-03 1.774E-02 2.966E+02 -1.2611:.+03 
29 3.4 -1~841E-03 1.841E-02 2.925E+n2 -9.222t.+02 
30 3.5 -1;908E-03 1.908E-02 2.8$4E+02 -5.837E.+02 
31 3.6 -1.975E-03 1.975E-02 2.844E+02 -2.4521:.+02 
32 3.7 -2;043E-03 2.043E-02 2.803E+02 9.334~+01 

33 3.8 -2~111E-03 2.111E-02 2.762E+02 4.3181:.+02 
34 4.0 -2;178E-03 2.178E-02 2.722E+02 7.7041:.+02 
35 4.1 -2~246E-03 2.246E-02 2.,,81E+02 1.109t.+03 
36 4.2 -2~314E-03 2.314E-02 2.641E+02 1.447'::'+03 
37 4.3 -2;382E-03 2.382E-02 2.600E+02 1.7B&t.+03 
38 4.4 -2~450E-03 2.450E-02 2.559E+02 2.1241::+03 
39 4.6 -2.519E-03 2.519E-02 2.519E+02 2.4631::+03 
40 4.7 -2.587E-03 2.587E-02 2.478E+02 2.~01E.+03 

41 4.8 -2.656E-03 2.656E-02 2.437E+02 3.1401:.+03 
42 4.9 -2~724E-03 2. 724E-02 2·397E+~2 3.4781:.+03 
43 5.0 -2.793E-03 2.793E-02 2.356E+(l2 3.8171:.+03 
44 5.2 -2-;862E-03 2.862E-02 2.316E+n2 4. !Ci 5 I:. + 03 
45 5.3 -2.931E-03 2.931E-02 2.275E+02 4.4941:.+03 
46 5.4 -3.000E-03 3.000E-02 2·234F.+02 4.832E+03 
47 5.5 -3.069E-03 3.069E-02 2·1 94E+02 5.1711:.+03 
48 5.6 ';).138E-03 3. 138E";02 2.)53£+02 5.509E+03 
49 5.8 -3.208E-03 3.208E-02 2.112E+02 5.848E.+03 
50 5.9 -3.277E-03 3.277E-02 2.072E+02 6.1861£+03 
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51 6.0 -3.347E-03 3.347£-02 2.,,31E+,,2 6.5251:.+03 
52 6.1 -3~416e:-03 3.416E-02 1.991E+02 6.A641:.+03 
53 6.2 -3~486E-03 3.486E-02 1.q50E+02 7.202f:.+03 
54 6.4 -3~556E-03 3~556E-02 1.909E+02 7.541t.+03 
55 6.5 -3.626E-03 3.626E-02 1.B69E+02 7.879E.+03 
56 6-.6 -"3;696£-03 3.696E-02 1.828E+n2 8.lI1 RE.+03 
57 6.7 -3.766E-03 3.767E-02 le787E+02 8.5561:.+03 
58 6.8 -3~837E-03 3.837E-02 1.747E+02 8.8951:.+03 
59 7.0 -3.907E-03 3.907E-02 1.706E+02 9.2331::+03 
60 7.1 -3.978E-03 3.978E-02 1-666E+02 9.5721:.+03 
61 7.2 -4.049E-03 4.049E-02 1.625E+il2 9.9101:.+03 
62 '7.3 -4; 119E-03 4.i19E-02 1.584E+02 1.0251:.+04 
63 7.4 -4.190E-03 4.]90E-02 1.544E+02 1.0591:.+04 
64 7.6 -4~261E-03 4.26le:-02 1.503E+02 1.0931::+04 
65 7.7 -4.332E-03 4.332E-02 1.462E+02 1.1?61:.+04 
66 7.8 -4~404E-03 4.404E-02 1.422~+02 1.1601:.+04 
67 7.9 -4.475E-03 4.475E-02 1.381E+02 1.1941:.+04 
68 8.0 -4~S-46E';-03 4.546E-02 1·341E+02 1.228£+04 
69 8.2 -4.618E-03 4.618E-02 1.300E+,,2 1.2"2E+04 
70 8.3 -4.690E-03 4.690E-02 1.259E+02 1.2Q6E+"4 
71 8.4 -4.761E-03 4.761E-02 1.219E+02 1.3301:.+04 
72 8.5 -4~A33E-03 4.833E-02 1.178E+n2 1.3631:.+04 
73 8.6 -4.905E-03 4.905E-02 1.137E+02 1.3971:.+n4 
74 8.8 -4~977E-03 4.977E-02 1.097E+02 1.4311:.+04 
75 8.9 -5.049E-03 5.049E-02 1.056E+02 1.4651:.+04 
76 9.0 -5~122E-03 5.122E-02 1·016E+n2 1.499E+04 
77 9.1 -5~194E-03 5.194F-02 9·750E+01 1.5331:.+04 
78 9.2 -5.267E-03 5.267E-02 9·344E+"1 1.5661:.+04 
79 9.4 -5.339E-03 5.339E-02 8·937E+01 1.6001:.+04 
So 9.5 -5.412E-03 5.412E-02 8.531E+01 1.634[+04 
81 9.6 -5.485E-03 5.485E-02 8.125E+,,1 1.6,,81:.+04 
82 9.7 -5;558E-03 5.558E-02 7.719E+o] 1.702[+04 
83 9.8 -5.631E-03 5.631E-02 7·312E+01 1.7)61:.+04 
A4 10.0 -5.704E-03 5.704E-02 6.906E+01 1.7701:.+(14 
85 10.1 -5.777E-03 5.777E-02 6·500r:::+01 1.A031:.+04 
86 10.2 -5;-851F-03 5.851E-02 6·094E+f11 1.837E.+1)4 
87 10.3 -5.924E-03 5.924E-02 5.687E+n1 1.8711:.+04 
88 10.5 -S.998E-03 5.998E-02 5.281E+(\1 1.905[·04 
89 10.6 -6.072E-03 6.072E-n2 4·B75E+o1 1.9391:.+04 
90 10.7 -6;145E-03 6.145E-02 4.469E+in 1.9731:.+04 
91 10.8 -6.219E-03 6.219E-02 4.062E+01 2.0071:.+04 
92 10.9 -6;?93f-03 6.293f-02 3.656E+01 2.040E+04 
93 11.1 -6.368(-03 6.3,,8E-02 3·2S0E+01 2.1)741:.+04 
94 11~2 -6~442E-03 6.442E-02 2·R44E+01 2.1081::.+04 
95 11.3 -6.516E-03 6.516E-02 2·437E+,,1 2.1421:.+04 
96 11.4 -6.5Q1E-03 6.591E-02 2·031E+o1 2.1761::+04 
97 11.5 -6.665E-03 6.665E-,,2 1·625E+01 2.2101:.+04 
98 H~1 -6.140E"'03 6.74-01:-02 1·i19E+01 2.2431::+0-4 
99 11.8 -6.815E-03 6.815E-02 8.125E+00 2.2771:.+"4 

100 1 i .-9 -6;890E-03 6.R90E-02 4.062E+no 2.31lf:.+04 
101 12.0 -6.965E-03 6.965E-02 O. 2.3451::.+1'14 
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CRCP-Z TEST INr, 
EXTERNAL LOAD VS. STL STRESS, CK SPCING. CK WIDTH 

]A EXTERNAL LOAD = 0.0 LR. 
1 1.0 0.5 6000~.0290uOuOO.n .0000n5 ".(11) 

lo~ .000065 .0004 15,'>.; 6000.0 1 • I 
1S. 28 40. 90. 

65. 6S. 65. b5. 65. bS. 65. 65. 65. 65. 5n. ?Q. SO. S~. SO. &;0. 
SCI. 50. 50. SO~ 5/). S!'). SO. 50. 5~. .5Qt 51',. 5l:. 

28.0 0.0 b.5 150.00 O.On 
1. 1 

1.0 .... 1 

2A EXTERNAL LOAD = 51).n I B. 
1 1,0 0.5 60000.029000uOO.n .ooogO!? 0.0 

10. .ODOOJ'5 .0004 15~,.; 6000.0 1. \ 
115 • 28 41). 90· 

65. 6S. 65. 65. 6? b5. 6!? f):> • 6!:J. 6~" 53. 59. 50. ..n. 50. c;u. 
50. 5n. 50. SO. 50. SO. 50. 50. S'J. 50. 50. 50. 

28.0 0.0 b.s 15n.OO 5(}.ii 
1. 1 

1.0 -.1 

3A EXTERNAL LOAD := 1511. I R. 
1 1.0 O!!5 60000.0290~OOOQ.o .oooars ".Ill! 

10. .01)0005 .0004 . IS".;: 6001).0 1. 1 
15. 28 41\. 90. 

66. 65. 65. 65. 65. 65. flS. b5; 65. 65. 5 fl. ,?Q. 50. ~;;. 50. ':;11. 
50. 5". 50. SO. 5!! • 51). 5C. 50. 5". 50. 50. t; (l • 

28.0 0.0 b.5 150.0· 15). 
1. I 

1.0 ".1 

4A EXTERNAL LOAD = 21')0.0 LB. 
1 1.0 0.5 60000·0290aooOO.n .000005 ".00 

10. .000005 .0004 I5v.~ 6000.0 1. I 
115. 28 40. 90. 

~15. 615. 65. b5. 65. b5. 65. 65. 6S. 65. SQ. ~!J" 50. c:;i\. 50. c;o. 
50. .. sg • 50. 5n. 50. SCI. SQ. 50. 50. 511_ 50. 150. 

28.0 0.0 b.S 150.00 2(\0. 
I _ 1 

1.0 -.1 
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18 EXTERNAL LOAD = Q.O LR. 
1 0.5 ~.6 60000.0 29 0vOOOO.o .00000c; I,. no 

10. .00ilOOS .0004 . 150.;; 6000.0 1. 
75. 28 4u. 90. 

51). So. 50. 50. 50. 56~-- 5 U ~ - -So : SIJ. so. So. '? ~. '. SO. 5;;. 50. <;0. 
511. 50. 50. 50~ S~. 50. 50. SO. so. sO. 50. so. 

28.0 0.0 b.S 150.00 (J.On 
1 • 1 

1.0 -.1 

28 EXTERNAL LOAD = !:IO.O I B. 
1 0.5 0.6 60000.029 ouOOOO.n .oooons , .• t)" 

10. .000005 .0004 lSJ.ii 6000.0 1 • 
75. 28 . 4!). 90· 

50. 50. 50. 50. Se. 50. 5:1. 50: 50. So. 5 ,1. ~~. 50. c;n. SO. "'iO. 
50. Sn. 50. 50. s(i~ 50. 50. 50. SJ. so. So. sr. 

28.0 0.0 6.5 150.000 S!l.~ 
1 • 1 

1.0 -.1 

3Et ~XTERNAl LOAD z: 100.n LB. 
1 U.S 0.6 60000.0290~oooa.n .';OoQn~ " • flO 

10. .00uOOS .0004 15c.~ 6000.0 1. 1 
15. 28 40. 90. 

50. 50. 50. 50. 5[' .• 5(1. 50. 50. SO. SO. SO. c;~. 50. 5~. SO. <;0. 
SC. 50. 50. 50. 5(;. 50. 50. SO. 50. 50. Sr. r:;o. 

28.0 O~O 6.5 i5G.00 \[10. 
1 • 1 

1.0 -.1 

"8 EXTERNAL LOAD = 150.0 LB. 
1 0~5 0.6 66~00.0290uOOOO.; .0000;;'" " • t) fJ 

10. • 000005 .0004 15.:.; 6ooii.o 1 • 1 
75. 28 41). 9O~ 

50. 50. 50. 50. 5(:. So. s!). 50. 50. SQ. 50. '5~. SO. <;0. 50. <;0. 
50. sri. 50. 50. so. So. 50. So. Sv. 50. 50. S'I. 

28.0 0.0 6.5 150.00 15 v. 
1 • 1 

1.0 -.1 

68 EXTERNAL LoAD = 200.0 LB. 
1 0.5 0.6 60000.029 000000.0 .nooQil~ ".nn 

1~. .000005 .0004 lS~.~ bOOO.1) 1. 1 
715. 28 4i). 9\1. 

50. 50. 50. 50. S~. 50. se. So; Silo So. SQ. C;Q. 5u. c;~. So. c;0. 
50. So. 50. 50. SQ. So. so. So: SIJ. SQ. So. so. 

28.0 0.0 6.5 150.00 2110. 
l. 1 

1.0 -.1 
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CRCP-2 TESTING 
EXTERNAL VS. PERCENTAr.E STEEL 

1C PERCENTAGE STEEL· = .,.0:; 
1 0.5 ~.6 60000.029000000.; .0000(15 "." 0 

10. .000005 • 0 0 ii 4 . 15ri • (i 6000.0 1. 1 
15. 28 4.j. 90. 

5~. 50. 50· 50. 5e. 50. 50. 50. sa. 50. 5(1. 50. 5u. S,;. 50. ~{J. 

50. 50. 50· 50. 50. 50. 50~ 50. 5e. 50. 5ij. 5(;. 
28.0 0.0 6.5 150.0· o.on 

1 • 1 
1.0 -.1 

2C PERCENTAGE STEEL = '1.1 
1 0.1 0.6 60000.029 0OOOO v• O .OOOOr,5 ".no 

10. • ODOO05 .0004 15u.; 6000.0 1 • 1 
15. 28 4(. 90. 

50. 50. 50. 50. 5(\. 50. 5g. 50. 50. 50. 50. 50. 511. 5ii. 50. 0:;0. 
50. 50. 50. 50. 51'. 50. S'}. 50. 5u. 50. 50. 50. 

28.0 0.0 6.5 15(\.06 O.O~ 
1 • 1 

1.0 - .1 

3C PERCENTAGE STEEL -= r •• Q 

1 0!9 0.6 60000.02~OOOOOo.n .ooogn':i ".t)o 
10. .ODOO05 .0004 15~).n 6000.11 1. 1 

75. 28 4,). 90. 
50. 50. 50. 50. 50. 50. 50. 50. 5U. 50. 50. 5(1. 51) • 5~. 50. 0:;0. 
50. 50. 50. 50. s~. 5Q. 50. 50· 5u. _'=>0 1 50. 50. 

28.0 0.0 6.5 15(\.011 0.0(\ 
1 • 1 

1.0 -.1 

-c PENCEI'ITAGE STEEL = 1.;J 
1 1.2 0.6 60000.0290UOOOO.~ .0005;;5 ,. "\" .. 

10. .000005 • 000 4 15:.ii 6000.0 1 • 
15. 28 4n. 9(). 

50. Sn. 50. 50. 50. 50. 50. 50. 51J. 5u. 5'1. ~Q. 50. '='''. 50. r:i,;. 

50. 50. 50. 50. 5D. 50. 51l. 50. 50. 5&: 5,1. 50. 
28.0 0.0 6.5 150.0. O.On 

1. 1 
1.0 -.1 
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~c PENCENTAGE STEEL -= ". c; 
1 0.5 O.b 60000.0290~OOOO.~ .OOOOOc; '\. Ill) 

10. .00U005 .0001t 15U.'; 6000.0 1. I 
7'5. ze 4~. 90. 

50. 50. 50. 50. SO. SO. 50. 50. 5U. SQ. 50. 50. 50. c:;~. 50. c;o. 
50. 50. 50. 50. 50. 50. 50. 50. 50. 50. S ~. so. 

28.0 Il.O 6.5 ISI}'On L)(i. 
1 • I 

1.0 -.1 

tiC PENCENTAG~ STEEL = t··.7 
1 U.7 O.b 60000!0 29OO000o·5 .ooogi\s ".00 

lil. .000005 .0004 150.1\ 6000.0 1. } 

715. 28 4~. 90. 
50. 50. 50. si. SO. :'0. . ~9.. 50. SU. SQ. SQ. 50· so. Sn. So. 1';0 • 
-1S3~ 50. 50. 50. 50. 50. 50. 50. 5\1. 50. 50. 50. 

28.0 0.0 6.5 150.00 100. 
1. 1 

1.1) -,1 

1C PERCENTAGE STEEL: :: .... ~ 
1 0.9 0.6 bOOOO,02 9000000." .OOOQr.~ ".no 

10. .00"005 .caD4 150.;; 6000.0 1. I 
7&;. 28 40. 90. 

5th 50. 50. SQ. 50. 50. S!). 50. SU. 50. 5,) • 5~. 50. c;: 50. c;o. - .. 
50. 50. 50. 50. Sf'. 5(1. 50. 50. 511. 50. 5(1. 'lo. 

28.1:1 0.0 6.5 150.0" l~o. 
1. 1 

1.0 -.1 

IjC PERCENTAGE STEEl.. :: l.? 
1 1,2 0.1'1 60000.029000000.~ .{lOOor5 n .no 

10. • 00(1605 .0004 15.;.n 61)00.0 1 • I 
75. 28 4,1. 90. 

50. sn. 50. 50. srI. 50. 50. 50. 50. 50. 51;. ?!'!. 50. sn. 50. c;o. 
5". 5ii. ISO. 5e. Sf'. 50. c:.O. 50. 50. 50. Sn. sr.. 

28.0 0.0 6.5 150.00 1 '10. , . 1 
1.0 .... 1 
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" CRCp ... 2 TESTING 
EFFECT OF EXTERNAl. l.OAD ANt) SLAB THICKNFSS 

10 SLAB THIClmEsS = 6.1\ TN. 
1 iJ.7 !J.6 oijOOO·0290~COOO.o • OOOgii5 

. . i,. 1\ ~ 

6.0 .000005 .0004 15~.~ 5000.l· 1. 2 
7t"- 28 30. 90. 

6S. 65. 65. 05. 65. 65. 65. 65. 65. 65. 65. 65. 65. bC:;. 65. ~5. 
5S. 55. 55. 55. 55. 55. 55. 55. 5:>. 55. 55. 55. 

28. 9000.0 6.5 15(1.0U 0.0; 
1 • 1 

1.0 ".1 

20 SLAB THICKNESS :: 8. " T ~~. 
1 0.7 0.6 60000.029 0uOOOO.; .OOOO~~ ., .I)~ 

8.0 .DOOO05 .0004 15,).;; 5000.0 1. e 
7r.. 28 3,}. 90. 

65. 65. 65. tiS. M; • 65. 65. 05. 6!:). 65. 05. 65. o!:>. 6">. 65. 65. 
55. 55. 55. 55. 55. 55. 55. 55. 5:;. 55. 55. 55. 

2R. 9000.0 6.5 150.0" 0.00 
1. 1 

1.0 ".1 

3D SLAB THICI(I~!SS = 1'.0 IN. 
1 0.7 0.6 60uO~.0290~GUOQ.~ .Oooii~s '1.on 

10. .1)00005 .0004 15iJ.n 5000.0 1. 2 
70. 28 31). 90. 

65. 65. 65. tiS. 65. 65. 65. 65~ 65. 65. 60;. 65. o~. bC;. 65. ~5. 

5S. 55. 55. 55. 55. 55. 55. 55. 5~. 55. 55. 55 • 
2R. 9~OO.O 6.15 150.00 

. . 
0.0,' 

1. 1 
1.0 ".1 

40 SLAB THICKNESS :: 12.~ IN. 
1 0.7 0.6 60000·0290UOOOO.o .O(lOO~5 

. . 
". nil 

12. .000005 .0004 15~.n 5000.0 1. 2 
7n. 28 30. 90. 

65. 65. 65. 65. 65. 65 .. "5. 65. 65. 65. 65. ~5. 65. ~">. 65. ~5. 

SS. 55. 55. 55. 55. 55. 55. 55. 5!). 55. 55. 55. 
28. 9000.0 0.5 150.0· O.O~ 

1. 1 
1.0 ".1 
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IE 
1 

I. 

2E 
1 

65. 
6S. 

CRCP"2 TESTING 
TIME OF LOAD APPLICATrON 
EXTERNAL LOAD APPLIED AT THE 7-TH DAY 

u.S O. 6 ~C)O(tO! il291;t~ O~.U~ ~ ~ 
10. .oooiij~ .C004 15G.n 

75. 28 40. 9&. 
6~. 65. ~5. 65. 65. 65. 65. 65. 65. 
65. 65. 6S~ 65. 65. 65. 6S. 6~. 6S. 
7.0 v.O 6.5 150.0~ 2GO. 

1.0 

7'5. 
6S. 
6s. 

-.1 

EXTERNAL LOAD APPLIEO 
u.s 
10. 

28 
65. 05. 

0.6 
.000005 

4ij~ 
65. 65. 

AT THE 15-TH DAY 
60000.029 000000. n 

.0004 . 15rl.~ 
911. 

15.0 
65. 05. 

0.0 
65. b5. 

6.5 

~5. 65. 6~. 65. 
65. 65. 65. 65. 

J50.00 2':;0. 
J. 

JE 
1 

1 • 

1.0 

1.0 

1 
-,.1 

EXTERNAL LOAD A~PLIEO 
u.s tI.6 
10. .000005 

28 40. 
65. 65. 65. 65~ 
65. 05. 65. 65. 

0.0 6.5 
1 

-.1 

AT THE 28-TH OAY 
60QOO.0290~OOOo.r 

.01)04 15i.l.n 
91;. 

(,5. 6S. 65. 
('5. 65. 6~. 

150.0· 

65. 
6~. 

200. 

•. Ooogo'? 
6000.0 

65. 65. 
65. 6S. 

.oooo;,!? 
6000.lI 

65. 65. 
6S. 6'5. 

.OOOO~5 
MOo.n 

65. 65. 
65. 6S. 

". (H) 
1. 1 

1. 

1. 

65. 

(, .00 
1 

65. 

65. 
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• CRCP ... 2 TESTING 
TI",E uF MIN. TEMP. VS. STL. STRESS, eK. WIDTH, CK. SPC HI(; 

IF eOLOTH = 28.(1 
1 0.5 0.6 60000.029000000.~ .OOOO~!? (1.00 

10. .000005 .0004 '15~.n 600n.o 1. 1 
7C;. 28 0.0 2B. 

65. 6'5. 65. 05. 65. 65. 65. b5. 65. 65. 05. 6!? 65. f,C:;. 65. 65. 
50. sn. 50. !:JO. 51). 50. 50. 50. s~. 50. 50. SO. 

28.0 u.o b.e; 150.0· 
1. 1 

2.0 .... 1 

2F eOLOTH = 60.0 
1 0.5 0.6 60000.029000000. n .OOOQr.~ ".1'\11 

10. .000005 • 0004 15u.~ 6000.n 1 • 1 
7';. 28 0.0 6u. 

65. 6.:;. 65. 65. 65. 65. 65. 05. 65. 6~. 65. ~? 65. 65. 65. f,5. 
50. 5n. C;O. 50. 5ij. 50. 50. sn. 5'.>. 50. 5 u• '3(\. 

28.0 0.0 b.5 )5(1.00 
I. 1 

2.0 -.1 

JF eOLDn~ = 90.0 
1 0.5 0.6 60000.02900DOOO.~ .~OOO~c; 1'1.00 

10. • OOOOO!? .0004 15~.;; 6000.0 1 • 1 
75. 28 0.0 90. 

65. 6S. 65. 05. 65. 65. 65. 65. 65. 65. 65. O? 65. 65. 65. 1'.5. 
50. 50. SO. 5';. 51'. 50. 5u. 50. S,}. 50. 5u• 50. 

28.0 0.0 6.r:; 15(1.00 
1. 1 

2.0 -.1 

'+F eOLDTH = 120·5 
1 0.5 0.6 6000D.o290JOOOO.~ .Ooo~~c; 1).1'1) 

Ie. .000005 • 0004 15;,.; 6000.0 1 • 1 
7c; • 28 0.('1 121i. 

6S. 65. 65. b5. 65. 65. 65. 65. 6!:). 65. 6&:;,. f.5. 6!). E'C:;. 65. ",5. 
50. 5n. 50. Sr. 50. 50. 5e. 50. 5". ')0. Sa. 50. 

28.0 0.0 6.S 150.0" 
1. 1 

2.0 -.1 

SF" COLDTM = 150·0 
1 0.5 0.6 60~OO·0290QOOOO.~ .OOOO~"3 1'1.00 

10. .000005 .0004 150.; 6000.0 1. 1 

75. ~8 0.0 150. 
65. 65. 65. bS. 65. 65. 65. b5. 6!). 65. 65. ~? 65. ft.:;. 65. 65. 
50. 50. 50· 5Q, 50. 50. 50. 50. S~. 50. 50. 5(1. 

28.0 0.0 b.5 lSO.O~ 
1. 1 

2.0 -.1 
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