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PREFACE

This is the third report resulting from the research project "Tempera-
ture Induced Stresses in Highway Bridges by Finite Element Analysis and Field
Tests.'" The first two reports (Refs 39 and 43) are a result of Ph.D. disser-
tations written by Drs. Thaksin Thepchatri and Kenneth M. Will at The Univer-
sity of Texas at Austin. Their contributions which are especially noteworthy
were made during the first two years of the project. This report summarizes
their work as well as the research performed during the third year of the
project. Program documentations, listings and example problems are also con-
tained in this final report.

Several individuals have made contributions in this research. Special
thanks are given to Professor Hudson Matlock for his contribution in super-
vising the field tests. The interest shown by John Panak and his inputs
during the course of this work are appreciated. In addition, thanks are
given to Mr. Hector Reyes, Mr. Dewaine Bogard, and Mr. Mike Hoblet for their
assistance in the field tests and to Kay Lee for typing the draft and final
copy of this report. The help given by the staff of the Center for Highway

Research in producing this report is also appreciated.

Atalay Yargicoglu
C. Philip Johnson
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ABSTRACT

This research focused on the application of finite element computer
programs to the transient heat conduction and static stress analysis of
bridge-type structures. The temperature distribution is assumed to be
constant along the center-line of the bridge but can vary arbitrarily over
its cross section.

A computer program, TSAP, was developed for the prediction of the
transient temperature distribution due to either daily variations of the
enviromment such as solar radiation, ambient air temperature, and wind speed,
or measured surface temperatures. This program, which also included thermal
stress analysis based on elastic beam theory, was used extensively in this
work to establish quantitatively typical magnitudes of temperature induced
stresses for selected bridge types located in the state of Texas. Specific
attention was given to the extreme summer and winter climatic conditions
representative of the city of Austin, Texas.

A static analysis program, SHELL8, which utilizes two-dimensional finite
elements in a three-dimensional global assemblage with six degrees of freedom
at each node point, was also developed to determine the thermally induced
stresses and bridge movements, A concrete slab bridge was analyzed using
this program to investigate skew and transverse behavior. Also, correlations
between the field measured slope changes on two prestressed concrete bridges,
and results that were obtained using the finite element programs, have been

included.






SUMMARY

Finite element procedures for the prediction of temperature induced
stresses in highway bridges caused by daily environmental changes have been
developed. This research indicates that the amplitude and form of the
temperature distribution are mainly functions of the daily solar radiation,
ambient air temperature and wind speed. The shape and depth of the bridge
cross-section and its material thermal properties such as absorptivity,
emissivity, and conductivity, are also factors. For example, due to the low
thermal conductivity of concrete, the nonlinearity of the temperature distri-
bution in deep concrete bridges was found to be considerably greater than that
occurring in composite steel bridges. In addition to stresses caused by the
nonlinear form of the temperature gradient, temperature induced stresses also
arise from statical indeterminancy of the bridge. Analytical procedures which
can account for both effects were developed and implemented into two computer
programs.

The first program, TSAP, which is able to predict both the temperature
distribution and the temperature induced stresses, was extensively used to
establish typical magnitudes of temperature induced stresses for three types
of highway bridges located in the state of Texas. The environmental data
required in the analysis were obtained from daily weather reports. The most
extreme environmental conditions were found to occur on a clear night followed
by a clear day with a large range of air temperature. Specific attention was
given to the extreme summer and winter climatic conditions representative of
the city of Austin, Texas.

In general, it was found that thermal deflections are small. Thermal
stresses, however, appear to be significant. For the weather conditions
considered, temperature induced tensile stresses in a prestressed concrete
slab bridge and a precast prestressed I-beam were found to be in the order
of 60-65 to 80-90 percent respectively of the cracking stress of concrete
suggested by the AASHTO specifications. Compressive stresses as high as 45
percent of the allowable compressive strength were predicted in a prismatic

slab having a depth of 17 inches. For a composite steel-concrete bridge, on
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the other hand, temperature induced stresses were approximately 10 percent of
the design dead and live load stresses.

The other program, SHELL8, is a finite element static analysis program.
This program, which employs two-dimensional finite elements in a three-
dimensional global assemblage, may be used to prediet temperature induced
stresses and movements for complex bridge-type structures. Thermal forces are
caleculated from a quartic distribution of temperature through the thickness
and a linear distribution over the mid-surface of each element. Hence the
nonlinearity of the temperature distribution found in concrete structures is
accurately considered in the analysis,

During this research, field measurements were performed on two bridges:
an entrance ramp in Pasadena, Texas, which was skewed and post-tensioned with
three continuous spans and a two-span pedestrian overpass in Austin, Texas,
with pretensioned beams made continuous for live loads. A portable tempera-
ture probe was developed to measure surface temperatures at various locations
on the bridges. A mechanical inclinometer was available for determining slope
changes induced by temperature changes, Correlations of measured slope
changes with results obtained using the finite element procedures were made
for each test. Measured surface temperatures were used to predict the
internal temperature distribution which is required in the static analysis.
These correlations clearly demonstrate the capability and the accuracy of the
subject finite element procedures in predicting temperature induced stresses

and movements under field conditions.



IMPLEMENTATION STATEMENT

As a result of this research two computer programs, TSAP and SHELL8, have
been developed to predict temperature induced stresses in highway bridges due
to daily changes of temperature. The CDC 6600 computer at The University of
Texas at Austin was used during the course of this investigation. The final
versions of programs TSAP and SHELL8 have also been adapted to the IBM com-
puter facilities of the Texas State Department of Highways and Public Trans-

portation for ongoing use. In regard to implementation, this report contains:

(a) the documentation of programs TSAP and SHELL8 (Chapter 4);

(b) an example problem for input and output for program TSAP
(Appendix 1);

(¢) an example problem for input and output for program SHELLS
(Appendix 2);

(d) a listing of the IBM version of program TSAP (Appendix 3); and
(e) a listing of the IBM version of program SHELL8 (Appendix 4).

This information is presented for the purpose of enhancing inhouse use by the
engineers of the State Department of Highways and Public Transportation for
direct determination of temperature induced stresses in highway bridges of
future interest.

Although the time required in preparing data and executing these programs
is significant, they may be used effectively to determine the effects of skew,
transverse behavior, and the stiffness contributions of the parapets and
sidewalks, if any. There are other immediate applications of the heat con-
duction and/or thermal stress analysis programs. They can be readily applied
to reinforced concrete pavement to evaluate the effects of temperature.
Another area of interest is that of polymer-impregnated concrete in which the
surface is dried for several hours at 200-300° F before the bridge deck is
impregnated. This drying process could be investigated with the subject
procedures, and could help locate potential problems even though the conduc-
tivity and tangent stiffness of concrete changes considerably at elevated

temperatures.
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The method used in program TSAP is based on a two-dimensional model for
predicting the temperature distribution and one-dimensional beam theory for the
stress analysis; the program is relatively easy to use. Environmental data are
available through regular Weather Bureau Reports while material thermal
properties may be obtained from one of the handbooks on concrete engineering.
By using the program TSAP, typical magnitudes of temperature induced stresses
were analytically established for three types of highway bridges subjected to
daily climatic changes found in Texas. Specific attention was given to the
extreme climatic conditions of the city of Austin, Texas. Thermal stresses
obtained from ordinary beam theory were magnified by less than 15 percent at
only a very limited number of locations on the bridge due to skew and transfer
behavior according to the results obtained for a three-span slab bridge.

Field tests were performed on two prestressed concrete bridges using the
portable temperature probe developed for measuring the surface temperatures
and the mechanical inclinometer for measuring slope changes. Correlations
with field results demonstrated that relatively simple instrumentation with a
few selected measurements may be used in the study of the diurnal heating of
bridges under field conditions when coupled with the subject finite element
procedures. The thermally induced stresses predicted in the analysis for both
bridges tested are well within design limits. However, it should be empha-
sized that these stresses are only for the days of the tests which are not
believed to be the most severe days for thermal effects. The low magnitude of
the stresses in the entrance ramp is also due to the overdesign of the
structure since the stiffness of the sidewalks and parapets was neglected in

the design process.
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CHAPTER 1. INTRODUCTION

Nature of the Problem

The purpose of this report is to summarize the results of the research
project "Temperature Induced Stresses in Highway Bridges by Finite Element
Analysis and Field Tests,” which was conducted during the period of
September 30, 1973, to August 30, 1976, under the sponsorship of the Texas
Highway Department and the Federal Highway Administration. This project was
motivated by the need for a general analysis procedure which could establish
quantitatively typical magnitues of temperature induced stresses and movements
caused by daily variations in temperature for complex bridge structures.

Stresses and movements caused by daily and seasonal fluctuations of
temperature in bridges have been studied by several researchers during the
past decade as summarized in Ref 35. Current technology is being applied at an
accelerating rate towards the development and utilization of predictive models
in an effort to assess the role of temperature in highway bridges (24, 34).

The results of studies which have been made to date indicate that
temperature induced stresses may be of sufficient magnitude when coupled with
their cyclic nature to damage or hasten deterioration of bridge decks. For
example, compressive stresses in a prismatic thick slab section in the range
of 40 percent of the allowable compressive strength have been cited (34).
Tensile stresses of approximately 600 psi have been predicted in this research
(39) for a composite prestressed section. This stress is caused by daily
changes in temperature which are representative of Austin, Texas. Temperature
stresses may be more severe for other locations and other bridge types. In
addition, these stresses may be amplified by skew as well as other three-
dimensional effects.

It is recognized that the daily variation of temperature is a significant
source of thermal strains and stresses. These induced strains and stresses
may be attributed to two types of behavior: (1) the nonlinear form of the
temperature gradient over the depth of the section which within itself is a

source of thermal stress, and (2) the form of statical indeterminancy of the



structure. The temperature stresses in a single span structure are due
solely to the nonlinear temperature while two- and three-span structures

share this same stress plus flexural stresses due to the restraint of the
interior support in preventing upward movement which would take place since
the upper portion of the section heats more rapidly. The amplitude and form
of the temperature gradient are principally a function of the intensity of the
solar radiation and ambient air temperature combined with the shape and depth
of the cross section and its material properties.

A general method of analysis is required to determine the transient
temperature distributions and temperature induced movements and stresses for
bridge-type structures. The finite element method, the subject of texts by
Desai and Abel (17) and Zienkiewicz (47), is such a general method.
Fortunately, highly developed finite element analysis programs were available
at the onset of this work. Thus only minimal modifications and extensions

were necessary to address problems of current interest.

Review of Objective and Scope of the Study

The objective of this study was to demonstrate quantitatively typical
magnitudes of temperature induced stresses and movements under field condi-
tions for selected highway bridges in the state of Texas. The study was
separated into four phases to accomplish the objective:

(1) development of a computational procedure to solve for the

temperature distribution and temperature induced movements and
stresses of bridges,

(2) field measurements of bridge temperatures and temperature
induced movements,

(3) correlation of measured bridge movements with computer results,
and

(4) providing the State Department of Highways and Public Transpor-
tation with information regarding the magnitude of temperature
induced stresses and internal temperature distributions for
various bridge types at three different locations in the state
of Texas,

Two finite element programs, TSAP and SHELL8, were devedoped for the

purpose of predicting temperature distributions and temperature induced
stresses of bridges in order to accomplish the first phase of this study.

The method of analysis is discussed in detail in the next section.



Selected field measurements were performed on two bridges. The first
bridge tested was the same one tested by Matlock and co-workers as discussed in
Ref 30. The second bridge tested was a two-span continuous for live load
pedestrian overpass. Both tests were performed during daylight hours.
Summaries of the field measurements and computer results are presented in
Chapter 3. More detailed information regarding these field tests is presented
in Refs 39 and 43. 1t should be emphasized that it was not within the intended
scope of this study to take extensive field measurements to accomplish the
second phase of this study. Rather, selected measurements of temperatures and
bridge movements were taken to validate the computational procedure.

Based on the favorable comparisons between the predicted and the measured
results, the proposed approach thus offers an excellent opportunity to
determine bridge types and environmental conditions for which temperature
effects may be severe. This study was limited to three typical types of high-
way bridges subjected to climatic changes found in the state of Texas. These

bridges as shown in Fig 1 are:

(1) a post-tensioned concrete slab bridge,
(2) a composite precast pretensioned bridge, and

(3) a composite steel bridge.

Analyses of several environmental conditions representative of summer and
winter conditions were carried out for three locations: Austin, E1 Paso, and
Brownsville. Past records of the solar radiation levels and the daily air
temperature distributions during the years 1967-1971 were obtained from either
the U.S. Weather Bureau or local newspapers for these locations. Temperature

effects in both statically determinate and indeterminate bridges were studied,
including skew and transverse behavior.

It should be noted that this study concerns primarily the stresses
induced by a temperature differential over the depth of highway bridges.

Combined effects of dead and live load plus impact are therefore ignored.
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Analysis Procedures

Classical solutions are available for thermal stresses and transient
temperature distributions in plates, cylinders, and beams. Solutions for
these cases may be found in Refs 8, 9, and 40. Unfortunately, these
classical solutions are restricted to a limited boundary and geometrical
configurations. For bridge-type structures, a more general method of analysis
is required to determine the transient temperature distributions and
temperature induced movements and stresses.

In the analysis of bridge temperature distribution, the flow of heat will
be negligible in the longitudinal direction of the bridge. The heat will flow
primarily over the bridge cross section since the top and bottom surfaces are
the main locations of heat input due to solar radiation and/or convection.

The shape of the bridge cross section will influence the temperature
distribution. The temperature distribution over the sections of Fig lb and lc
will be two-dimensional since the temperature in the girders will be a result
of the heat propagating from the top surface and that of the ambient air
temperature exposed to the exterior surfaces of the girders. Studies that
have been made in this research show that the temperature is nonlinear both
vertically and horizontally, thus requiring the use of two-dimensional heat
flow theory.

The temperature distribution over the bridge cross section at a given
time can be calculated by solving the heat-conduction equation. To solve this
equation, however, it is necessary that the temperature on the boundary and
the initial condition be specified at the starting time. At this time, it is
assumed that the bridge temperature is uniform and equal to the surrounding
air temperature.

The two heat codes which were used in this work follow from Emerson (20).
and Wilson (46). The first is a one-dimensional model based on finite
differences. Temperature predicted by this model has been shown to compare
favorably with experimental results. The second is a two-dimensional model
using finite elements. Both procedures have been extended to account for
outgoing radiation, thus enabling the determination of temperature through a
full 24-hour period or over a period of several days. Temperature distribu-
tion may be obtained from inputs consisting of either solar radiation and

ambient air temperature or measured surface temperatures.



Two computer programs are presented in this report for determining
temperature induced stresses. The first program (TSAP) includes the heat flow
and the thermal stress analysis in a complete system. In this program, the
two-dimensional heat code is used in combination with the one-dimensional
stress model. Its advantages lie in the relative economy of data preparation
and computation time. Its use is limited to straight bridges with orthogonal
supports. The second program (SHELL8) is more general and has been shown to
be effective for a detailed stress analysis for complex bridge structures (25).
In this program, the bridge is idealized as an assemblage of one- and two-
dimensional finite elements. Each element may have a quartic distribution of
temperature over its thickness. 1In this way, nonlinear temperature gradients
may be systematically and accurately accounted for; however, the required
inputs are quite extensive.

The stress model used in TSAP is the simplest one. The one-dimensional
beam theory is employed in conjunction with the principle of superposition.
All materials are assumed to behave elastically. Structural stiffness is
computed based on the uncracked section. 1In brief, the temperature induced
stresses are computed as follows. The bridge is considered to be completely
restrained against any movement, thus creating a set of built-in stresses.
This condition also induces a set of end forces which are applied back at the
ends since the bridge is free from external end forces. This causes another
set of stresses which vary linearly over the depth. The final stresses are
then obtained by superimposing the above two sets of stresses.

The subject procedures, which have yielded satisfactory correlation with
field measurements, provide a mechanism for investigating a wide range of
conditions in an effort to isolate types and locations of structures that are
most severely affected by daily variations of temperature. The documentation

of the computer programs is presented in Chapter 4.



CHAPTER 2. THERMAL EFFECTS IN HIGHWAY BRIDGES

Bridge Type and location

In this work, three bridge types as shown in Fig 1 were considered:
(1) a post-tensioned concrete slab bridge, (2) a composite precast preten-
sioned bridge, and (3) a composite steel bridge. Special attention was given
to the extreme summer and winter conditions found in the city of Austin,
Texas (39). 1In the final phase of this research, a limited number of inves-
tigations were carried out for two other cities in Texas (El Paso and Browns-
ville) so as to provide information regarding the magnitude of temperature
induced stresses and internal temperature distributions for other locations in

the state of Texas.

Types of Temperature Induced Stresses

Temperature behavior in highway bridges is caused by both short-term
(daily) and long-term (seasonal) environmental changes. Seasonal environ-
mental fluctuations from winter to summer, or vice versa, will cause large
overall expansion and contraction. If the bridge is free to expand longi-
tudinally, the seasonal change will not lead to temperature induced stresses.
However, daily changes of the environment result in a temperature gradient
over the bridge cross section that causes temperature induced stresses. The
magnitude of these stresses depends on the nonlinear form of the temperature
gradient and the flexural indeterminacy of the bridge. Past research in this
area indicates that the most significant environmental variables which influ-
ence the temperature distribution are solar radiation, ambient air temperature

and wind speed. These are discussed in the following sections.

Environmental Variables

Solar radiation, also known as insolation (incoming solar radiation), is
the principal cause of temperature changes over the depth of highway bridges.
Solar radiation is maximum on a clear day. The sun's rays which are absorbed
directly by the top surface cause the top surface to be heated more rapidly

than the interior region, thus resulting in nonlinear temperature gradient



over the bridge cross section. The amount of solar radiation actually
received by the surface depends on its orientation with respect to the sun's
rays. The intensity is maximum if the surface is perpendicular to the rays
and is zero if the rays become parallel to the surface. The variation of
daily solar radiation intensity on a horizontal surface is approximately
sinusoidal., It is found, however, that the maximum surface temperature
generally takes place around 2 p.m, This lag of surface temperature is
attributed to the influence of the daily air temperature variation which
normally reaches its maximum value around 4 p.m.

Field measurements on solar radiation intensity also indicate that the
amount of radiation received each day varies with the time of year and the
latitude. TLocal conditions, such as atmospheric contamination, humidity, and
elevation above sea level, affect the total solar energy received by a
surface. Values of the total insolation in a day are available through
the U.S. Weather Bureau Reports. The average of the maximum insolation values
as recorded during the years 1967-1971 are given in Table 1 for the city of
Austin, Texas. From Table 1, it can be seen that in December, the radiation
is the minimum due to the reduced angle of incidence of the sun's rays, their
longer path through the atmosphere, and the shorter period of sunlight.

Air temperature varies enormously with locations on earth and with the
seasons of the year. The manner in which daily air temperature varies with
time must be known in order to accurately predict temperature effects in a
bridge. The maximum and the minimum value of air temperatures in a day are
regularly recorded at almost all weather stations in the nation. The hourly
temperature distribution, however, canonly be obtained from local weather reports.

On clear days with little change in atmospheric conditions, the air
temperature generally follows two cycles. The normal minimum temperature is
reached at or shortly before sunrise, followed by a steady increase in
temperature due to the sun's heating effect. This increase continues until
the peak temperature is reached during the afternoon, usually around 4
to 5 p.m, Then the temperature decreases until the minimum reading is
reached again the next morning. This cyclic form of temperature variation can
be changed by the presence of clouds, rain, snow, etc. Clouds, for example,
form a blanket so that much of the sun's radiation fails to reach the earth;
this results in lowering air temperature during the day. At night, back

radiation from the clouds causes a slight increase in air temperature.



TABLE 1. AVERAGE MAXTIMUM TOTAL INSOLATION

IN A DAY ON THE HORIZONTAL SURFACE
(1967-1971) AND LENGTH OF DAYTIME

(AUSTIN, TEXAS)

Insolation Time (CST) Length of
Honth (btu/ftz) Sunrise(A.M,) | Sunset(P.M,)| Daytime(hr.)
JAN 1500 7:30 6:00 10.5
FEB 1960 7:15 6:15 11.0
MAR 2289 6:30 6:30 12.0
APR 2460 6:00 7:00 13.0
MAY 2610 5:30 7:00 13.5
JUN 2631 5:30 7:30 14,0
JUL 2550 5:30 7:30 14.0
AUG 2380 6:00 7:00 13.0
SEP 2289 6:30 6:30 12.0
OCT 1925 6:30 6:00 11.5
NOV 1570 7:00 5:30 10.5
DEC 1329 7:30 5: 30 10.0
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It is worth noting that the times of high and low ambient air temperature
do not coincide with the times of maximum and minimum solar radiation
intensity. This is true for both the daily and the yearly conditions. The
month of August is generally considered the hottest month of the year, January
the coldest; yet the greatest intensity of radiation occurs in June and the
lowest in December. On a daily basis, the maximum air temperature normally
occurs at 4 p.m., yet the maximum solar radiation intensity occurs at noon.
Table 2 summarizes temperature data as recorded in Austin, Texas, with normal
and extreme air temperatures tabulated for each month of the year.

Studies done in this research have shown that during a period of clear
days and nights, variations of bridge temperature distribution over the
concrete cross section are small at about two hours after sunrise. At this
time, it is possible to assume a thermal equilibrium state in which the bridge
temperature is the same as that of the surrounding air temperature. In this
study, it was also found that the range of air temperature from a minimum
value to a maximum value during a given day affects the bridge temperature
distribution. A large range of air temperature will cause a large temperature
differential over the bridge depth which in turn causes high temperature
induced stresses. It is of interest to note that the range of air temperature
ig higher in winter than in summer. In January, the range is 45° ¥, while
34° ¥ is found in August.

Wind is known to cause an exchange of heat between surfaces of the bridge
and the enviromment. The speed of the wind has an effect in increasing and
lowering surface temperatures., From this research study, it was found that
maximum temperature gradients over the bridge depth are reached on a still
day. On a sunny afternoon, wind decreases temperatures on the top surface and
increases temperatures at the bottom. This effect, of course, results in
lowering the temperature gradient during the day. At night, maximum reversed
temperature gradients are also decreased by the presence of the wind.

Wind speed is recorded by all weather stations. Table 2 gives the

average wind speed for each month of the year as recorded in Austin, Texas.

Heat Flow Conditions

The prediction of time varying bridge temperature distributions involves
the solution of the heat flow equations governing the flow of heat at the

bridge boundaries and within the bridge. In general, heat is transferred



TABLE 2. NORMALS, MEANS AND EXTREMES (REF 39)
LATITUDE 30° 18'N, LONGITUDE 97° 42'N
ELEVATION (GROUND) 597 FEET
Austin, Texas
Temperature Wind
Month Normal Extremes Mean Fastest Mile

on

Daily | Daily | Monthly | Record | Year Record | Year | Hourly Speed Direction Year

Max. Min, (Av.) Highest Lowest Speed
JAN 60.3 40.5 50.4 86 1963 12 1963 9.9 47 N 1962
FEB €4.0 43,5 53.8 87 1962 22 1967 10.2 57 N 1947
MAR 70.6 48,7 59.7 96 1967 23 1962 10.9 44 W 1957
APR 78.0 57.3 67.7 98 1963 39 1962 10.9 44 NE 1957
MAY 85.2 64.9 75.1 99 1967 52 1968 10.2 47 NE 1946
JUN 92.0 71.7 81.9 100 1967 55 1964 9.6 49 SE 1956
JUL 95.1 73.9 84.5 103 1964 64 1968 8.7 43 S 1953
AUG 95.6 73.7 84.7 105 1962 61 1967 8.3 47 N 1959
SEP 89.7 68.5 79.1 102 1963 47 1967 8.0 45 NE 1961
OCT 81.9 59.5 70.7 95 1963 39 1966 8.1 47 NW 1967
NOV 69.6 47.9 58.8 89 1963 31 1966 9.1 48 NW 1951
DEC 62.8 42.6 52.7 84 1966 21 1966 9.2 49 NW 1956

11
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between the bridge boundaries and the enviromment by radiation and convection.
Heat, on the other hand, is transferred within the bridge boundaries by
conduction.

Radiation is the primary mode of heat transfer which results in warming
and cooling bridge surfaces. The top surface gains heat by absorbing solar
radiation during the day and loses heat by emitting out-going radiation at
night. The amount of heat exchange between the enviromment and the bridge
boundaries depends on the absorptivity and emissivity of the surface, the
surface temperature, the surrounding air temperature, and the presence of
clouds. Values of absorptivity of a plain concrete surface depends on its
surface color. In general, its values lie between 0.5 and 0.,8. Concrete
with asphaltic surface has higher absorptivity and published values are
between 0.85 and 0.98. The emissivity, on the other hand, is independent of
the surface color. 1Its value lies between 0.85 and 0.95. For steel, the
absorptivity varies from 0.65 to 0.80, and the emissivity is between 0.85
and 0.95.

The two types of heat exchange by convection between bridge boundaries
and the enviromment are termed free and forced convection. In the absence of
the wind, heat is transferred from the heated surface by air motion caused by
density differences within the air. This process is known as free convection.
It is known that heat loss by forced convection is greater than by free or

natural convection. Heat loss by convection from a dry surface is given as

QC = hc (TS - Ta)
where

, 2
Q, ~ heat loss by convection, btu/ft"/hr ,
TS = gurface temperature, OF s

0
Ta = air temperature, F ,
hc = convection film cocefficient,
2
= 0.665 + 0.133u , btu/ft"/hr/°F , and

v = wind speed, mph .
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The effect of the wind on the loss of heat by convection is recognized in
the film coefficient, hc .

Heat is transferred within the bridge boundaries by conduction. The
thermal conductivity, k , is a specific characteristic of the material. It
indicates the capacity of a material for transferring heat, It has been shown
that its magnitude increases as the density of the material increases.
Normally, the average thermal conductivity of concrete and steel are 0.81
and 26.6 btu/hr/ft/°F respectively. Whether the material is wet or dry
affects the thermal conductivity. It has been shown that wet concrete has

higher thermal conductivity than dry concrete.

Sensitivity Analysis of the Bridge Thermal Behavior

The significant factors that affect the bridge thermal behaviors are
daily total insolation intensity, surface absorptivity, thermal conductivity,
specific heat, unit weight, bridge geometry, the range of daily air
temperature, and initial conditions.

Before the bridge temperature distributions can be predicted the initial
condition must be specified. This condition includes the reference time and
the initial temperature distribution. A study of a typical daily solar radia-
tion and air temperature variation indicates that the temperature in a bridge
will be relatively uniform early in the morning. At about two hours after
sunrise, it is possible to assume a thermal equilibrium state in which the
bridge temperature is the same as that of the surrounding air temperature. In
this research, it has been found that different starting conditions, at about
this time, do not have significant effects on the temperature induced
stresses.

In order to study the significance of the other variables, temperature

distributions and stresses were calculated using the data given in Table 3
for a concrete slab bridge having three equal spans. The predicted results
are also listed in Table 3. By keeping the rest of the variables at their
average values, one variable at a time was increased by 10 percent. A
summary of comparisons is given in Table 4. It can be seen that the most
significant factor with respect to the material thermal properties is the
absorptivity of the surface to the solar radiation. Also of importance

is the coefficient of thermal expansion and contraction, since the

thermal induced stresses vary linearly with this variable. However, an
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TABIE 3. SELECTED AVERAGE VALUES FOR THE
SENSITIVITY ANALYSIS (AUGUST)

Average total insolation intensity 2380 btu/ft2
Air temperature distribution Fig 12a

Wind speed 10 mph
Absorptivity of surface to solar radiation 0.5

Emissivity 0.9

Thermal conductivity 0.81 btu/ft /hr /°F
Specific heat 0.23 btu/1b/°F
Unit weight 150 1b/ft>
Depth 17 inches
Modulus of elasticity of concrete 4.25><106 1b/in2
Coefficient of thermal expansion 6.0x1070 in/in/°F

PREDICTIVE RESULTS (3-equal-span-bridge)

Maximum top surface temperature 120 °F
Maximum temperature gradient 30 °F
Maximum reverse temperature gradient 7 °F
Maximum tensile stress (bottom half) 239 psi
Maximum tensile stress (top) 318 psi
Maximum compressive stress (top) 818 psi
Maximum vertical deflection (downward) 0.125 inch

Maximum mean bridge temperature range 35 °F



TABLE 4. THE EFFECTS OF 107, INCREASE IN ONE.VARIABLE AT A TIME
ON TEMPERATURES AND STRESSES IN A THREE EQUAL SPARN
CONCRETE SLAB BRIDGE (AUGUST)
Temp. Temp. Tensile Comp. Reverse Tensile Vertical Mean bridge
(top) gradient | stress stress gradient|stress(top)| deflection temp.
Average 0% 0% 0% 0% % 0% 07 0%
Insoiation 2.5 10 9.2 8.1 0 1.6 9.6 2.9
Absorptivity 2.5 10 9.2 8.1 0 1.6 9.6 2.9
Conductivity -0.8 -3.3 -0.8 -3.3 0 -2.5 -0.8 0
Specific heat| -0.8 -3.3 -2.9 -0.1 0 -2.5 -2.4 -2.9
Density -0.8 -3.3 -2.9 -0.1 0 -2.5 -2,4 -2.9
Wind speed -0.8 -3.3 -2.1 -1.5 0 0 -2.4 0
Thickness 0 0 -0.8 3.3 0 -0.3 -11.2 -5.7
Range of air | , 0 2.1 3.1 14.3 4.7 0.8 2,9
temperature
Insolation .
(Eq 3.1) 3.3 13.3 9.2 11.4 0 0.3 10. 4 -0.3

<1
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increase in the thermal conductivity, specific heat and density reduces the
temperature gradient and thus decreases the induced stresses.

With respect to the envirommental variables, an increase in the solar
radiation intensity and the daily air temperature range amplifies the
predicted temperature gradient and the temperature induced stresses. An
increase in the wind speed, on the other hand, decreases the computed results.
Consequently, the extreme climatic condition is believed to take place on a
still day with a maximum value of the solar radiation and a maximum range of

daily ambient air temperature.

Extreme Summer and Winter Conditions

Although the maximum air temperature is found in August, a maximum solar
radiation intensity is recorded in June. Therefore, in order to study the
bridge thermal behaviors associated with summer daytime conditions, daily
climatic changes in June, July, and August need to be investigated.

In this research, it has been found that the daily envirommental varia-
tions in August are the extreme summer conditions for the city of Austin
(Ref 39). The environmental data for these conditions are given in Fig 2 and
Table 3.

In order to establish extreme envirommental conditions for the rest of
the state, the days having either a maximum solar radiation intensity or a
maximum range of daily air temperature have been selected from the Weather
Bureau Reports for the cities of El Paso, Midland, Fort Worth, San Antonio,
and Brownsville. The maximum insolation values and ranges of daily air
temperatures as recorded during the years 1961-1971 are given in Table 5 for
these locations. For each selected day, the resulting envirommental data have
been input to the program TSAP so as to predict the thermal stresses in a
typical slab bridge. The extreme climatic condition is then defined herein
as the one which produces the maximum tensile stress in concrete.

The extreme summer conditions found in the cities of Midland, Fort Worth,
and San Antonio produced thermal stress distributions approximately similar
to those obtained from the conditions of the city of Austin. Therefore, the
summer conditions given for Austin are applicable to these cities. On the
other hand, the extreme summer conditions for both El Paso and Brownsville
have been found to take place in the month of June and to produce different

stress distributions. The recommended extreme summer conditions for these
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TABILE 5. CLIMATIC CONDITIONS IN THE STATE OF TEXAS
AS RECORDED DURING THE YEARS 1961-1971
(SUMMER CONDITIONS)
Maximum Daily | Maximum Range of Average
Insolation, | Air Temperature, Wind Speed,
Ccity | Month beu/ft2 o mph
' June 3025 24 13
23
g | July 2800 24 10.2
s >
August 2707 27 9
o June 3077 30 9.2
w
& | July 2980 32 9.0
yof
| August 2770 33 8.5
June 2900 29 10.6
w5
50 | July 2880 29 10
S o
e
=
August 2766 30 9.8
- June 2870 30 10.0
o
5 July 2860 32 9.8
ot
= | August 2680 35 9.0
o June 2750 30 12
oy
oo
3 é July 2710 29 11.4
< | August 2490 30 10.4
DAILY VARIATION OF AIR TEMPERATURE
) 06 07 08 09 10 11 12 13 14 15 16 17 18
Time
a,.m, noon p.m.
Brownsville | op | 75 79 83 89 90 91 92 92 92 92 91 90 88
(June)
El Paso | op | 55 63 70 77 85 89 90 92 9 95 93 92 91
(June)
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cities are shown in Table 5. 1In the light of these investigations,

El Paso has the most severe summer conditions in the state of Texas.
Brownsville, on the other hand, is less severe because of the mild ocean
climate.

In contrast to the summer conditions, large reverse temperature gradients
occur during a still winter night with a maximum amount of outgoing radiation
and a large range of air temperature. In view of these factors, the daily
atmospheric variations in December, January, and February were investigated
to study the extreme winter conditions. It was found that the daily environ~
mental variations in January are the extreme winter conditions in the city of
Austin (39). The extreme winter conditions found in the city of Austin are
also recommended for the other locations in the state of Texas, because of the
similar ranges of air temperatures and wind speeds recorded at the other
cities.

As can be seen in the following sections, the extreme winter conditions
gave the most severe thermal stresses only for slab bridge types. In com-
posite bridges, on the other hand, winter conditions produced relatively small

temperature effects compared to summer conditions.

Thermal Effect in Slab Bridges

Temperature induced stresses for a single span statically determinate
bridge and statically indeterminate structures with two and three spans are
shown in Fig 3. The stresses were computed at the section of symmetry of
the bridge and the summer conditions of Austin were used. A maximum differ-
ence of 35° F is found between the top and the bottom temperature at 2:00 p,m.

At this time, the top surface is approximately 20° F warmer than the air

temperature. Figure 3(a) depicts the thermal stress distributions in a
concrete slab bridge with a thickness of 17 inches. For the one-span case,
compressive stresses predominate at the top as well as at the bottom surface
with a maximum value of 460 psi at 1:00 p.m. A maximum tensile stress of
approximately 180 psi, however, is predicted at the neutral surface of the
section at 2:00 p.m. For the two- and three~span case, all sections below
the neutral axis are subjected to tension with a maximum value of 330 psi
located near the bottom surface at 4:00 p.m. At the top surface, on the
other hand, a maximum compressive stress of 1000 psi was observed at 2:00 p.m.

The length effect of the center span in the three-span case was also studied.
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Fig 3. Temperature induced stresses for a one-, two-,
and three-span bridge (August, Austin).
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It is evident from Fig 3(a), however, that this parameter has an insignificant
contribution on the state of stress. It is also of interest to note that all
stress distributions coincide at mid-depth, i.e., the neutral surface of the
section. This is due to the fact that the interior supports prevent only
vertical movement of the bridge, thus affecting only the bending stress
component.

Temperature and temperature induced stress distributions in a 34-inch
concrete slab at 4:00 p.m. are shown in Fig 3(b). Although a lower magnitude
of tensile stress is computed below the neutral axis, i.e., 230 psi, a higher
compressive stress is predicted at the top surface with the maximum value
of 1100 psi at 2:00 p.m.

Figure 4(a) depicts the temperature and thermal stress distributions in
a l7-inch concrete slab due to the extreme summer conditions found in El Paso.
A maximum tensile stress of approximately 410 psi is predicted near the bottom
surface at 3:00 p.m. for the two-span case. At the top surface a maximum
compressive stress of 1100 psi was found at 2:00 p.m. These stresses have
larger magnitudes than those predicted for Austin. Figure 4(b) depicts the
predicted thermal effects for the same slab bridge due to the summer condi-
tions of Brownsville.

Figure 5, on the other hand, depicts the maximum reverse gradients and
the associated stresses computed under winter conditions (39). Temperature
and stress distributions over the depth of 17 inches are shown in Fig 5(a).

A maximum tensile stress of 180 psi is found at the bottom surface in the one-
span structure. At the top surface, however, the two-span case yields higher
tensile stress with a maximum value of 400 psi. Similar forms of stress dis-
tribution are found in a deeper section, Fig 5(b,. Higher tensile stresses,
nevertheless, are predicted at the exterior surfaces, i.e., 490 and 250 psi

at the top and bottom surfaces, respectively.

The above study (39) indicated that the temperature induced stresses in
any statically indeterminate bridge will be bounded by the stresses computed
from a one~ and two-span case. An approximate analysis is given in Ref 39 in

order to determine temperature effect in non-prismatic concrete slab bridges.
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Thermal Effects in Composite Precast Pretensioned Bridges

A typical interior girder, Texas standard type-B, of a composite precast
pretensioned bridge is shown in Fig 6. The bridge is made continuocus for
live load by placing reinforcing steel in the slab over the piers. The beam
spacing is 8 ft center to center with a cast-in-place concrete slab 6.5 in.
thick. The finite element mesh used by the TSAP program of Ref 39 had a total
number of 90 elements with 117 nodal points., Triangular as well as rectangu-
lar elements are used to represent the true I~shape of the beam cross sectiocn.
The concrete thermal properties which were used are given in Table 3. The
compressive strength of the concrete slab and beam are 3000 and 6000 psi
respectively.

Temperature distribution resulting from the TSAP program due to the
summer conditions of Austin is depicted in Fig 7(a). Only a portion of the
slab is included in Fig 7(a) because the temperature was found to be uniform
over the rest of the slab. The top surface temperature at this time is about
20° F warmer than the surrounding air temperature. The temperature at the
bottom surface of the slab is found to be warmer than the surface temperature
along the side of the beam. This is as expected since additional heat energy
is gained by conduction at the bottom slab surface while along the side of the
beam heat exchange is taking place only by convection and radiation. At the
center of the cross section, the temperature distribution over the depth shows
changes in curvature; see Fig 8(a). This is due to the varying thickness of
the precast beam. A thinner section will, of course, have higher temperature
than a thicker section, thus explaining the increase of temperature at the
middle portion of the beam. A temperature difference as high as 9° F occurs
between the exterior and the interior face at the bottom portion of the beam.
Figure 7(a) also shows that although temperature distribution in the slab
varies constantly in the transverse direction, temperature distribution in the
beam, on the other hand, varies nonlinearly in both the vertical and trans-
verse directions. The predicted maximum temperature gradient is 27° F and
takes place at 2:00 p.m,

At 3:00 p.m., the longitudinal thermal induced stresses calculated at the
center of the middle span of the three-span bridge are shown in Fig 7(b).

The stress distribution varies considerably over the cross section. High

tensile stresses are found near the bottom portion of the beam with a maximum

value of 465 psi at six inches above the bottom surface of the beam. At the
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same level on the exterior face, a tensile stress of only 194 psi is given.
Maximum compressive stress of 477 psi, however, takes place at 2:00 p.m. and
is found at the top surface of the slab, Figure 8(a) depicts temperature
stresses induced in a one-, two-, and three-span bridge. 1In each case the
individual spans have the same length. The difference in stress distribution,
caused by the indeterminacy of the bridge, is noteworthy. For the one-span
case, a maximum tensile stress of 380 psi is calculated at a location close to
the neutral surface of the section. Compressive stresses predominate at the top
as well as at the bottom surface. Larger tensile stresses, on the other hand,
are found near the bottom portion of the beam in the two-~ and three-span cases.
These high stresses were anticipated since the neutral surface of the composite
section is located high in the upper portion of the beam causing thermal
bending stresses to be large in the bottom region.
The temperature distribution and temperature induced stresses resulting
from the summer conditions of the city of El Paso are shown in Fig 9(a).
The predicted maximum temperature gradient is 31° F and takes place at 2:00 p.m.
A maximum tensile stress of 810 psi is found near the bottom of the beam at
this moment. This is also the maximum value of temperature induced tensile
stresses found in this composite bridge type in the state of Texas. A maximum
compressive stress of 620 psi takes place at 1:00 p.m. and is found at the top
of the slab. Temperature effects resulting from the summer conditions of
Brownsville are depicted in Fig 9(b). In this study it was found that the
days having relatively larger values of daily solar insolation give the most
critical temperature induced stress distributions in composite bridges.
Temperature distribution at 7:00 a.m. on a cold sunny day, in the month
of January, is shown in Fig 10(a). Again, a temperature difference as high
as 9° F is observed between the exterior and the interior face at the bottom
portion of the beam. The maximum temperature gradient is found to be 7° .
The temperature induced stresses in a simply supported bridge is shown in
Fig 10(b). Tensile stress of 239 psi is found at the‘bottom surface of the
beam on the exterior face. Figure 8(b) depicts temperature and stress dis-
tributions over the depth of the composite section.k Tensile stress of 148 psi
is found at the top surface at section over interior support in the two-span

case.
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Thermal Effects in Composite Steel Bridges

Figure 11 depicts the idealization of a typical interior composite steel
beam. A total number of 46 rectangular elements with 71 nodal points were
used. The compressive strength of the concrete slab was assumed to be 3000
psi. 1Its average thermal properties are listed in Table 3. The modulus of
elasticity of the steel girder was taken to be 29 x 106 psi with a density

3
of 490 1b/ft”™ . The average thermal properties of structural steel are

coefficient of thermal expansion 6.5 x 10—6 in/in/°F
thermal conductivity 26.6 btu/ft/hr/°F
specific heat 0.11 btu/1b/°F

Figure 12(a) shows predicted surface temperature distributions on a warm
sunny day in August (Austin). It is found that the maximum temperature
differential through the depth of the bridge occurs at 2:00 p.m. and is 22° F.
In addition, the top surface temperature is about 21° F warmer than the
surrounding air temperature. Reference 48 reported this value to be 20° F
to 30O F depending on the color of the concrete surface. The bottom flange
temperature is very close to the air temperature. This is due to the steel's
high conductivity. It is observed that in the late afternoon and during the
night, the bottom flange temperature is warmer than the air temperature.

Although a maximum temperature gradient occurs at 2:00 p.m,, the maximum
tensile stress in the steel beam is found to take place a few hours later.
Consequently, it is the shape of the temperature distribution over the cross
section and not necessarily the highest thermal differential between the top
and bottom surface that induces the highest internal thermal stress.
Temperature distribution at 6:00 p.m. is shown in Fig 12(b). As is
anticipated, bottom slab temperature affects the temperature at the top of the
steel beam. Temperature distribution in the concrete slab is nonlinear,
while a uniform gradient is found over a large portion of the steel beam.
Stress distributions at the section of symmetry in a one-, two-, and three-
span bridge are also presented in Fig 12(b). For the three-span case,
maximum induced tensile stress in the beam is about 1000 psi. Maximum com-
pressive stress, however, is 330 psi at the top of the concrete slab and

occurs at 2:00 p.m.
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Because of the steel's high conductivity which is approximately 30 times
that of concrete, the steel beam will have rapid responses to air temperature.
The critical environmental conditions would, therefore, take place during a
hot sunny afternoon followed by a quick drop of air temperature. Figure 13(a)
depicts two kinds of daily air temperature distribution. Curve A represents a
normal increase and decrease of air temperature. Curve B represents a normal
increase up to the maximum value and a sudden decrease of air temperature
of 10° F during the next hour. Temperature and stress distributions through-
out the depth are shown in Fig 13(b). 1t can be seen that thermal induced
stresses in case B are about twice as much as stresses induced in case A.
Maximum tensile stress of 1910 psi is found at the bottom portion of the steel
beam. For an A36 steel beam, stress induced by temperature will be about 10
percent of the allowable stress. This temperature stress is, however, less
than the AASHO allowable 25 percent overstress for group loadings,

Section 1.2.22.

Surface temperature distributions of a typical interior beam during a
cold sunny day in January (Austin) are shown in Fig l4(a). In contrast to
the hot sunny afternoon, the top slab temperature is only 10° F warmer than
the air temperature., This is due to the lower value of solar radiation
intensity in winter than in summer. Temperature variation at the bottom
flange of the beam again follows the same trend as that of air temperature.
The maximum reverse temperature gradient is found to be 5° ¥ and takes place
at 9:00 a.m.

Temperature and stress distribution at 11:00 a.m. are shown in Fig
This is the time at which the maximum compressive stress is induced in the
beam. For a two-span bridge, a compressive stress of 1750 psi is found at the
bottom portion of the steel beam at the section over the interior support.

With regard to longitudinal movements, it is found that the range of the
rise and fall of the bridge temperature from an assumed temperature, 60° F, at
the time of erection is 45° F. This is the same range of mean bridge

temperature found in the prestressed composite bridge discussed earlier.

Interface Forces

In composite bridges, the ends of the beam are subjected to special shear
forces due to temperature difference between the slab and the beam. Interface

shear forces are computed by integrating temperature stresses over the slab
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cross section in the single span case. Since these shear forces result from
the strain compatibility requirements, their magnitudes are, therefore,
independent of the presence of interior supports.

According to the analyses given in Ref 39, temperature induced interface
shear force will require additional shear connectors of approximately 50
percent of that required by the design load over the length of the effective

width of the slab for both composite bridge types discussed previously.

Effects of Longitudinal Restraining Forces on Temperature Induced Stresses

In the preceding studies, the stresses were calculated based on the
assumption that the bridge was unrestrained longitudinally., In general, as a
thermal movement occurs, restraining forces are developed at the supports,
thus yielding another set of stresses. For a friction bearing, the transla-
tional force will be transmitted directly to the support until the magnitude
of thermal force equals [ R , where m is the coefficient of friction which
normally depends on the type of the bearing, corrosion of the bearing, etc.
The reaction R must also include the additional reaction change caused by a
temperature differential in the bridge. According to the analyses given in
Ref 39, the stresses caused by restraining forces have been found to be

insignificant,

Effects of Skew and Transverse Behavior

The thermal stresses in bridges presented in the previous discussions
were computed by using the program TSAP. As mentioned previously in this
program, the thermal stress analysis is based on the one-dimensional beam
theory and is therefore limited to straight bridges with orthogonal supports.
In order to investigate the effect of skew and transverse behavior on thermal
stresses, a three-span bridge, shown in Fig 15(a), was analyzed by using the
three~-dimensional program SHELI8. The computed thermal stresses for the
skewed case (with a skew angle of 30 degrees) and the non-skewed case were
then compared to those obtained from the stress analysis of TSAP.

The results of this investigation are summarized in Figs 15 and 16. 1In
this study, only the stresses acting in the longitudinal direction of the
bridge are considered since these stresses have the same direction with those
caused by design loads. The thermal stresses acting in the transverse
direction of the bridge were either equal or smaller in magnitude than the

ones acting in the longitudinal direction.
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The tensile stress on the neutral surface of the bridge (Fig 15(b)) was
236 psi from the one-dimensional analysis and 250 psi from the three-dimensional
analyses for both skewed and non-skewed cases. Tensile stress was not magnified
at any location by skew and transverse behavior except there was a 15 percent
increase near the sides of the bridge at the center of the interior span as
shown in Fig 15(c). Also, as seen in Fig 15(c), along the interior part of
this section, bottom fiber longitudinal stresses were compressive instead of
being tensile as predicted by the one-dimensional analysis. Since the design
stresses are generally tensile in this case along the bottom of this section,
this reversal in the sign of stress should not have any practical implications.

The longitudinal stress distribution along the top fibers of the interior
support lines is shown in Fig 16(a). As seen from this figure, there is a 28
percent magnification in the compressive stress at the middle of this section.
This magnification of stress may partially result from the displacement con-
straints imposed on the bridge by the interior support lines. Without these
constraints, the bridge under thermal effects would have double curvature and
the interior support lines would lift up vertically. Due to transverse curva-
ture of the bridge surface, the center of the support line would lift up more
than its sides. When the support constraints are applied to the bridge, the
interior support lines are pulled down to have no vertical displacement. Since
the middle is pulled down more than the sides, the resulting compressive
stresses are maximum at the middle and minimum at the sides of the support lines
as in Fig 16(a). Figure 16(b) depicts the distribution of longitudinal stresses
along the top fibers at the center of the iInterior span. There is a 22 percent
magnification in compressive stress at the side of the bridge at this location
for both skewed and non-skewed cases.

The results of this investigation indicate that thermal tensile stresses
were magnified by less than 15 percent by skew and transverse behavior at only
a very limited number of locations on the bridge. The thermal compressive

stresses, however, were magnified by 28 and 22 percent at the middle of the
interior support lines and at the side of the bridge at the center of the

interior span, respectively. The thermal compressive stresses were magnified
by less than 22 percent elsewhere on the bridge. Although these results were
limited to a three-span slab bridge, the investigator believes that a slab
bridge which would have the maximum ratio of the transverse bending rigidity

to the longitudinal one, compared to the other bridge types, should demonstrate

the effect of skew and transverse behavior effectively.



CHAPTER 3. CORRELATION OF FIELD MEASUREMENTS AND COMPUTER ANALYSES

Field measurements were performed on two bridges. The first bridge
tested was the same one tested by Matlock and co-workers (30) for the live
load effect. The second bridge tested was a two-span continuous for live
load pedestrian overpass. As previously stated, it was not within the
intended scope of this study to perform extensive field tests nor to use
elaborate instrumentation. Only selected measurements were taken to validate
the computational procedure. These measurements were divided into two
categories: the first containing those measurements necessary to determine
the surface temperature distribution (top and bottom of section), and the
second containing those measurements necessary to determine the thermally
induced movement of the structure at various locations. The first category,
field measurements and surface temperatures, was required to predict the
temperature distribution over the depth of the bridge section for computer
simulation by TSAP and SHELL8. The second category was merely used for corre-

lation with results from the computer simulation.

Instrumentation to Determine Bridge Temperature Distribution

Six mechanical surface thermometers manufactured by Pacific Transducer
Corporation were acquired for evaluation purposes. The accuracy of the ther-
mometers was found to be insufficient for this study. In addition, the ther-
mometers were not practical for measuring the surface temperatures under the
bridges.

A portable temperature probe was developed utilizing a temperature sensor
gage. This gage is commercially available and is configured like a strain
gage. The strain gage indicator was connected to the contact head containing
the temperature sensor gage by wires running along the length of the pole. By
adjusting the length of the pole, a practical method of determining the
temperaturé on the bottom surfaces was achieved. Plan and elevation views of
the probe are shown in Fig 17.

Two different pyranometers were used to measure the solar radiation.

Both the Eppley pyranometer and the Casella pyranometer measured the global
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radiation on a horizontal plane, i,e. the total of the direct, diffuse, and
reflected radiation. Solar radiation measurements observed during one of the
field tests were used by Thepchatri (39) to predict the surface temperatures
and to compare them with measured quantities. This prediction of the surface
temperatures also required the air temperature and wind speed measurements

during the first test.

Instrumentation to Measure Bridge Movement

A mechanical inclinometer had been developed by Matlock and co-workers
(30) to measure slope changes on a bridge tested for live load effects in
Pasadena, Texas. Basically, the inclinometer measures the change in elevation
between pairs of ball bearing test points that are cemented to the bridge deck
at 24-inch spacings. The slope between the two points is then computed by
dividing the difference in elevation between the two points by the length of
the inclinometer, 24 inches. Slope changes are computed by subtracting a
reference slope from any other reading.

The inclinometer which was used and a typical ball point are shown in
Fig 18. The inclinometer has two steel feet in line with the level bubble,
one with a V-grooved foot and the other the flat end of a micrometer screw.
The lateral support six inches to the side of the longitudinal axis has a
circular hole in the bottom of the foot to seat on auxiliary points, This
provides for precise repositioning of the inclinometer during later readings.
The ball points are cemented to the bridge deck using a quick setting epoxy
cement. An aluminum template is used to accurately position the four ball
points required at each station while they are being cemented.

Each slope reading was taken using two observations of the micrometer
with the inclinometer reversed end-for~end between the two readings. This
provides a self-checking system for the readings and also cancels instrument
errors. Using this system only instrument errors that occurred between the

two readings would not be canceled.

Summary of Field Measurements on Pasadena Bridge

The Right Entrance Ramp Structure at Richey and Margrave Streets on State
Highway 225 in Pasadena, Texas, was selected for the first field test. The
bridge was a skewed, post-tensioned three-span continuous slab structure. A
previous test for live load effects on this structure had found that thermal

response was of the same order of magnitude as the live load response. A
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partial plan view and cross section of the bridge are shown in Fig 19(a)
and (b).

The bridge was tested on 24 August 1974 between 0615 and 1800 hours
(CDT). Instrument locations and measurement stations were established the
previous night. Inclinometer measurements were taken at nine locations on the
slab: three locations at the northern abutment, three over the northernmost
interior supports, and three locations in the center of the structure. All
inclinometer stations were located so as to measure the change in slope along
the longitudinal axis. Surface temperatures were measured at 40 stations: 12
stations on the top of the slab, 12 on the bottom of the slab, and 16 stations
on the parapet and sidewalk. Solar radiation readings were observed using
both the Casella and Eppley pyranometers located on the top surface of the
bridge. Wind speed and air temperature readings were also observed.

Positions of all the inclinometer and surface temperature measurement stations
are described in Appendix A of Ref 42.

Weather conditions for the day of test were generally poor for purposes
of the test. Considerable cloudiness was present almost the entire day and a
heavy rain fell between 1615 and 1745 hours (CDT). Only a few spot inclin-
ometer and surface temperature measurements were taken after the rain stopped.
After these measurements the test was terminated. The cloudiness is illus-
trated by the rapid changes in the Eppley solar radiation measurements shown
in Fig 20. Shown in Fig 21 are the average top and bottom slab temperatures
and the air temperature measured during the test. The maximum slab tempera-
ture observed was 107.1° F. Normally for that time of the year and clear
weather, one would expect slab temperatures as high as 120-130° F (39).

The maximum slope changes recorded were from inclinometer stations
located at the northern abutment. Despite the undesirable testing conditions,
a maximum slope change of 5.73 X 10-4 was measured. This compares with a
maximum slope change of 5.63 X 10-4 measured in a previous field test (30)
due to a live load. Plots of all inclinometer and temperature measurements

are also presented in Appendix A of Ref 42.
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Heat Flow Analyses for the Pasadena Bridge

The first step in the analysis of the Pasadena bridge was to determine
the transient internal temperature distribution using the measured surface
temperatures. One-dimensional heat flow was used since the heat flow in the
longitudinal and transverse directions of the bridge had been found to be
negligible. Heat flow in the longitudinal direction was confirmed to be
negligible by a later analysis of the haunch region of the slab using the
two-dimensional heat flow program (TSAP).

To predict mathematically the temperature distributions throughout the
bridge deck, the starting condition, i.e., the reference time and the initial
temperature distribution, must be known. As there was no experimental infor-
mation concerning the temperature variation inside the slab, the reference
time was assumed to take place at the time when the top and the bottom surface
temperatures reached the same value. Thus, from Fig 21, the starting time
at 9:00 a.m. was used with the initial uniform temperature distribution 86° F.

Variations of the measured surface temperatures are depicted in Fig 21.
The average top surface temperature at any particular time was used since the
maximum temperature difference measured was approximately 2° F. This was also
true at the bottom surface of the bridge.

In the analysis, a time increment of 15 minutes was selected. Solar
radiation intensities at the 15-minute intervals were extracted from the
measured values as shown in Fig 20 in such a way that the area under
extracted and measured curves were approximately the same. Since no informa-
tion was available on the thermal properties of the concrete for the test
bridge, the material properties were assumed to be at their typical values.
Table 6 gives the average values of concrete thermal properties and
pertinent data used in the analysis.

Three different slab thicknesses, i.e., 17 inches, 25.5 inches, and 34
inches at sections 1, 2, and 3, respectively, Fig 19(c), were considered in
the analysis. In each case, however, the temperatures computed at the
surfaces were identical. The predicted top and bottom surface temperatures
are shown in Fig 21. The comparison between measured and predicted top
surface temperatures was found to be satisfactory. However, there was a
greater discrepancy at the bottom surface of the bridge which has been
attributed to the fact that the sun's rays reflected from the roadway under-

neath were neglected in the analysis. Since the orientation of the bridge



TABLE 6. AVERAGE VALUES OF CONCRETE THERMAL PROPERTIES

AND PERTINENT DATA

Solar radiation intensity

Air temperature

Wind speed

Initial uniform temperature

Absorptivity of surface to solar radiation
Emissivity

Density

Thermal conductivity

Specific heat

Fig 20

Fig 20

10 mph

86° F

0.5

0.9

150 1b/ft>

0.81 btu/ft/hr/°F

0.23 btu/1b/°F
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is not in the east-west direction, the bottom surface receives a portion of
the solar radiation intensity, thus influencing its temperature. Subsequently
an additional analysis was made by assuming that the bottom surface absorbed
10 percent of the measured solar radiation intensity. The results of this
analysis are also shown in Fig 21. It should be noted that the above.
assumption, which is felt to be reasonable, results in a better agreement with
the measured temperatures.

The above comparison of measured and predicted temperature variations,
altbough limited to the surfaces of the bridge, provide positive evidence that
actual bridge temperature distributions over the depth under daily environ-

mental changes can be predicted in a satisfactory way.

Thermal Stress Analyses for the Pasadena Bridge

Once the transient temperature distributions had been predicted for all
the sections, static analyses were performed using the predicted temperature
changes from the 0900 initial temperatures at one-hour intervals from 0900
to 1600. An example of the temperature distributions predicted by the
temperature analysis for the 17-inch slab section is shown in Fig 22. As can
be seen from this figure, heat entering the top and bottom of the slab
required considerable time to penetrate to the interior of the slab. A plan
view and cross section of the finite element mesh (for the program SHELLS)
used for these analyses are shown in Fig 23.

Boundary conditions used in the static analyses are as follows:

(1) wvertical movement restrained at all pier supports and nodal
points along both end abutments, and
(2) rotation about the surface coordinate §2 shown in Fig 23(a)

restrained at all nodal points along both abutments.

The surface coordinate system was used only at the abutments in order to
provide rotational restraint about £, since the bottom surface of the slab
rested on the abutments continuously along the skew. The expansion joints
shown in Fig 23 were only in the parapets and sidewalks at the indicated
locations. These joints were idealized in the finite element representation
by providing nodal points on both sidesvof the expansion joints. These nodal
points were not connected to each other. Therefore, movement of a nodal point

on one side of the expansion joint did not directly induce movement in the
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nodal point on the other side. The following material properties were used

for the static analyses:

(1) a modulus of elasticity for 4,690,000 psi for the slab based on
a compressive strength of 6000 psi,

(2) a modulus of elasticity of 3,320,000 psi for the sidewalk and
parapets based on a compressive strength of 3000 psi,

(3) Poisson's ratio of 0.15, and

(4) a coefficient of thermal expansion of .000006 in/in/oF .

Correlations of the measured and computer predicted slope changes for
locations along the northeast abutment are presented in Fig 24, As shown in
Appendix A of Ref 42, three inclinometer points, numbers 1,2, and3, were measured
along this abutment. These locations corresponded to nodal points 5, 7, and 9
respectively in the finite element mesh. Since measured slope changes were

about the Y-axis in Fig 23 and the computer results were about € the

>
computer results were transformed so that they too were about thelY—axis. The
inclinometer measurements shown in Fig 24 were obtained by subtracting the
0900 slope changes interpolated from the measurements presented in Appendix A
of Ref 2. This was necessary since the static analyses slope changes were
from the 0900 starting time. The following observations may be made from

Fig 24:

(1) the computer results follow the same trend as the field
measurements with the exception of the computer results
at 1100 hours,

(2) the computer results are generally less than the field
measurements, and

(3) the difference between the maximum slope change measured at
inclinometer point and the corresponding computer result at

nodal point 9 is approximately 15 percent.

The comparison in (3) above was selected since nodal point 9 exhibited
the maximum slope change in the field measurements.

Correlations of the measured and computer predicted slope changes for
locations along the line of the northeast pier supports are presented in
Fig 25. Three inclinometer locations, points 4, 5, and 6, were measured
along this line of pier supports. These locations corresponded to nodal

points 109, 111, and 113 respectively of the finite element mesh. The slope
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changes obtained from the inclinometer measurements and the computer results
were about the Y-axis in Fig 23. The following observations may be made from
Fig 25:

(1) the computer results generally follow the same trend as the
field measurements with the exception of the results at node 113
and inclinometer point 6,

(2) the computer results are of the same order of magnitude as the
field measurements, and

(3) the slope changes measured and computed along the line of the
piler supports are approximately one~-third or less of the slope

changes measured or computed at the abutment.

No explanation is available for the discrepancies between the measured results
obtained at inclinometer point 6 and the computer results obtained at

node 113. A parameter study to explore possible sources of discrepancies in
the computational procedure will be presented in a later section. However,
the correlations as presented both along the abutment and the line of pier
supports are considered favorable.

The temperature induced stresses obtained from the static analyses showed
that the top of the slab was in compression at all nodal points and at all
times that the stresses were evaluated. Stresses predicted at mid-depth of
the slab were tensile while stresses predicted for the bottom of the slab
varied from small magnitudes of tension to small magnitudes of compression.

An example of the temperature induced stresses for node 176 of the finite
element mesh is illustrated in Fig 26. This figure shows the variation in

the longitudinal stress with time for the top, bottom, and middle surfaces of
the slab. The maximum tensile stress predicted at this node was 147 psi while
the maximum compressive stress predicted was 545 psi. Both of these stresses
occurred at 1300 hours. The rapid increase in the stresses shown in Fig 26.
between 1100 and 1200 is attributed to the rapid increase in the surface
temperatures due to the cloud cover clearing between these hours.

The temperature induced stresses shown in Fig 26 are the changes in
stress from the assumed 0900 reference time. The low magnitudes of these
stresses are due to the poor testing conditions for temperature effects on the
day of the test. Based on studies performed by Thepchatri (39), one would

expect the maximum temperature induced stresses to be approximately twice
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those shown in Fig 26 under environmental conditions such as clear skies and

little wind,

Temperature, Dead Load, and Prestress Stresses on Pasadena Bridge

The final study performed on the Pasadena bridge was the superposition of
the temperature effects with those of the dead load and prestress. The
temperatures used were those from the day of the field test at 1300 hours.

The time, 1300, was selected since the temperature induced stresses had been
found to be a maximum then, The equivalent loading method suggested by Lin
(29) and Khachaturian (27) was used to determine the prestress effects on the
structure. The dead load effects were determined by simply specifying the
unit weight of the concrete in the static analysis program,

The equivalent prestress loading for a unit width of the structure was
computed using the prestress conduit layout and the geometric shape of a
longitudinal section of the slab. The longitudinal section and conduit layout
are shown in Fig 27. The equivalent loading that was computed is depicted
in Fig 28. This loading is for a unit width of the slab and a unit force of
one kip of prestress force. The final loading was computed by multiplying the
unit loading from Fig 28 by the total prestressing force after losses and
then distributing the load over the width of the slab. Eleven prestressing
tendons were distributed over the width of the slab with a final prestressing
force of 368 kips in each tendon at release. These forces were reduced to
account for losses due to friction, shrinkage, elastic shortening, creep, etc.
An average force was computed and assumed to be constant over the length of
the bridge to simplify the calculations. A loss of 33000 psi in each tendon
was used to account for losses other than friction. This figure was obtained

from the 1975 AASHTO Interim Specifications for Bridges (3). The loss

of 33000 psi is recommended for conrete with a compressive strength of 5000
psi while the slab strength was 6000 psi. Friction losses were calculated at
each point of angle change in the conduit using the formula suggested in

the 1973 AASHO Bridge Specifications (l). The friction losses were calculated

assuming the tendons were jacked at both ends of the bridge. These friction
losses were then averaged and assumed to be constant over the length of the
bridge. The average friction loss computed was 22500 psi. The total loss in

prestress reduced the force in each tendon to 262 kips, or 29 percent total

losses,
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Stresses due to the dead loading and prestressing forces were computed
first and then the stresses due to the temperature changes were included. The
results obtained from the analyses are illustrated in Fig 29 for a longi-
tudinal section of the slab at the center of the roadway. Stresses are
presented in Fig 29 for the top, middle, and bottom surfaces of the slab.

In general, the temperature induced stresses would not be symmetrical due to
the different distributions in the parapets and sidewalks on opposite sides of
the bridge. However, at the time used in the analysis, 1300 hours, the
difference in temperatures of the parapets and sidewalks on opposite sides was
small; thus, the difference in stresses on each side of the axis of symmetry

were negligible. The following observations can be made from Fig 29:

(1) the temperature stresses increase the top surface compressive
stresses due to the dead loading and prestressing by at
least 400 psi at all locations along the length of the section;

(2) the temperature stresses had little or no effect on the
stresses at the bottom and middle surfaces of the slab;

(3) the superposition of the dead loading, prestressing, and
temperature did not produce tensile stresses at any location;
and

(4) all stresses were within allowable design limits (compressive

allowable = 0.4 fé (1)).

The low magnitudes of the stresses are attributed to the over-design of the
bridge since the inertia and area of the parapets and sidewalks are neglected
in the design process. Even though the parapet and sidewalks are lower
strength concrete and are assumed to have a lower modulus of elasticity, they
contribute considerably to the stiffness of the structure. Also, the
temperatures measured on the day of the field test were less than would

normally be encountered on a clear day.

Summary of the Investigations for Pedestrian Overpass (14 March 1975)

The second field test was performed on a two-span pedestrian overpass in
Austin, Texas, with pretensioned beams made continuous for live load (Fig 30).
The large variation in the measured temperatures about the cross section
of this bridge required a two-dimensional heat conduction analysis to
determine the transient internal temperature distribution. The finite element

mesh used for the heat conduction analysis is depicted in Fig 30(a). The
temperature distribution was assumed to be constant along the longitudinal
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axis of the bridge. Average concrete thermal properties as used for the
analysis of the Pasadena bridge were used for the analysis of the pedestrian
overpass also. Surface temperatures obtained from measurements at 56 loca-
tions about the cross section were specified as boundary conditions. The
locations and the measured temperature variation with time are presented in
Appendix B of Ref 43. Linear interpolation between measurement locations was
used to approximate the surface temperatures at nodal points in the finite
element mesh where measurements were not taken. The most difficult problem
faced in the analysis, other than the large amount of input data required, was
the determination of the initial uniform temperature distribution and starting
time approximations. This was due to the side heating of the east side of the
bridge in the early morning while the rest of the bridge remained relatively
cool. An analysis of the measured surface temperatures revealed that a 41° F
initial uniform temperature distribution at 0830 (CDT) would provide the
smallest variation in temperature around the cross section.

The heat conduction analysis was performed every hour between 0830
and 1830 hours (CDT). Temperatures were also calculated at 1000 hours since a
static analysis had to be performed at this time to obtain a reference slope
for comparison with the inclinometer slope changes. An example of the
internal temperature approximations and the specified surface temperatures
at 1530 is shown in Fig 31 for both girders. The time, 1530, was selected
for comparison since the maximum measured slope change occurred at that time.
The temperature distributions along the centerline of the girders were non-
liner as can be observed in Fig 31. The nonlinearity occurred primarily in
the flanges of both girders and in the slab. Temperatures in the east girder
were slightly higher at this time as a result of side heating in the morning.
The temperatures in the top of the slab were slightly higher over the west
girder due to the shading of the east side of the slab by the parapet in the
morning.

Temperature changes from the 41° F initial temperature distribution were
then used for the static analyses. A cross section of the mesh used for the
static analyses is shown in Fig 30(b). Longitudinal divisions were specified
every five feet in this mesh. The bridge response was assumed to be symmetric
about the interior support; therefore, only the north span of the bridge was

idealized for the static analyses. Expansion joints in the parapets were
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neglected in the finite element idealization. The following material

properties were used in the analyses:

(1) a modulus of elasticity of 4,690,000 psi for the girders based
on a compressive strength of 6000 psi,

(2) a modulus of elasticity of 3,320,000 psi for the slab and
parapets based on a compressive strength of 3000 psi,

(3) Poisson's ratio of 0.15, and

(4) a coefficient of thermal expansion of .000006 in/in/°F .

The concrete was assumed to be uncracked for the analyses.

Analyses were performed at 1000 and then from 1030 until 1830 in one-hour
time intervals. The 1000 analysis was performed to provide a reference slope
for comparison with the inclinometer results. The slope obtained at this time
was subtracted from slopes at other times at the nodal point corresponding to
the inclinometer location. This was necessary to obtain the slope change
from 1000 since inclinometer measurements were not observed until 1010 on the
day of the test. The ten-minute difference in reference times was assumed to
be negligible. Correlation of the measured slope changes and static analyses
results is shown in Fig 32. The correlation was excellent as can be
observed from Fig 32. The finite element analysis was able to accurately
track the slope change as it increased and decreased. Slope changes were
obtained at only one location during the field test due to a malfunction of a
new inclinometer. The slope change about the transverse axis of the bridge
was found to be a maximum at the location of the inclinometer from the finite
element analyses.

An example of the longitudinal stress distributions at 1530 in the
girders at the exterior support is presented in Fig 33. The time and
location were selected for illustration since the maximum tensile stress
obtained in the analyses, 415 psi, was predicted at 7 inches from the bottom
of the west girder at the interior support. Stresses in the slab were com-
pressive at all locations and times analyzed. The stresses at the middle of
the slab width at the interior support at 1530 were as follows: top of the
slab, 384 psi compression; mid-depth of the slab, 90 psi compression; and
bottom of the slab, 47 psi compression. Vertical movements predicted by the
analyses were small with a maximum movement of 0.05 inches predicted at 1530

hours.
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CHAPTER 4. DOCUMENTATION OF COMPUTER PROGRAMS

Introduction

The programs, TSAP and SHELL8, were used extensively in this research.
They provide a general capability for predicting bridge temperature distribu-
tions and the corresponding temperature induced stresses caused by daily en-
vironmental changes.

The program TSAP includes the heat flow and the thermal stress analysis
in a complete system. In this program, the cross~-section of the structure is
idealized as an assemblage of two-dimensional finite elements to predict the
temperature distribution due to either specified envirommental conditions or
measured surface temperatures. Temperature induced stresses and deformations
are calculated based on one-dimensional beam theory. Hence, the method is
limited to straight bridges with supports perpendicular to the longitudinal
direction of the bridge. The program is applicable to both simple span and
continuous span bridges.

The program SHELL8 utilizes one and two~dimensional finite elements in a
three-dimensional global assemblage with six degrees-of-freedom at each nodal
point. This program provides a general capability for the analysis of complex
bridge structures having arbitrary geometry and support conditions, as well as
variable thickness over the individual elements and orthotropic material
properties. The temperature distributions that are obtained from the heat
conduction analysis are used as input data to predict the thermally induced
movements and stresses. The thermal stress anmalysis is based on a quartic
representation of the temperature distribution through the thickness of each
element and a linear representation of the temperature distribution over the
surface of the element.

Both programs, which are written in FORTRAN 1V, have automatic mesh
generation options in order to reduce and simplify the task of preparing input
data. The program TSAP is divided into a main program and three subroutines,
Overlay features are utilized to save storage in SHELL8. 1In this program,

there are four overlays and 52 subroutines which are called sequentially by
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the resident (MAIN) program. Six FORTRAN logical units are used for inter-
mediate storage during the execution of this program. DOQUBLE PRECISION is
used for all real variables in the IBM versions of these programs presented in

this report.

Use of the Program TSAP

1.1 Coordinate System and Mesh Construction. A global coordinate

system x, v , for example, as shown in Fig 6, must be chosen for the cross-
section of the bridge which is to be analyzed. Input nodal coordinates could
be simplified by the proper orientation for this coordinate system.

As shown in Fig 6, a finite element mesh is obtained by subdividing the
cross-section of the bridge inte quadrilateral and triangular elements. The
mesh may require refinement, i.e. reduction in element size, in regions having
steep heat flow gradients. In this idealization, 400 nodes, 300 elements,
and 5 different material types are possible.

The nodal point numbering should run in the direction with the smallest
number of elements in order to minimize the nodal point half band width
(maximum element nodal difference plus one) of the assemblage and consequently

the computational efforts during the solution process,

1.2 Finite Flement Types. Two types of finite elements are available in

the program, as shown in Figs 34 and 35. The triangular element employs a
linear temperature distribution over the element. The quadrilateral element
is formed from four triangular elements. The interior node is then eliminated

by employing the method of static condensation.

1.3 Heat Flow Conditions. Heat is transferred between the bridge

boundaries and the enviromment by radiation and convection. It is also trans-
ferred with the bridge boundaries by conduction.

Heat flow by radiation primarily depends on the daily variation of solar
radiation intensity and on the absorptivity and emissivity of the concrete
surface. In the program, an empirical equation is used to define the daily
variation of solar radiation when the total radiation and the times of sunrise
and sunset are input (see Sec. 2.6).

Heat flow by convection depends on the wind speed and on the temperature
difference between air and bridge surface. Ambient air temperature needs to

be input for each time step (see Sec. 2,8.1). The effect of the wind on
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convection is recognized in the film coefficient hc . Wind speed is assumed
to have a constant average value with respect to time.

For a known time-dependent boundary temperature distribution, the
interior temperature distribution is governed by the well-known transient
heat-conduction equation. Hence, in this case, measured surface temperatures
are sufficient in order to predict the interior temperature distribution.

Surface temperatures need to be input for each time step (see Sec. 2.8.2).

Preparation of Input Data

Abbreviations: A = alphanumeric field
= integer value (must be packed to the right of the
field)
F = floating point number (must be punched with a

decimal)

2.1 Title Card

Cols. 1-70 (A) Problem identification

2.2 Control Cards (Two cards)

Card 1

Cols. 1- 5 (1) Number of nodal points (400 max)

6-10 (1) Number of elements (300 max)

11-15 (1) Number of different material types (5 max)

16-20 (1) Number of convective boundary conditions
(sidewise, 200 max)

25 (1) = 0 1if external heat flow is specified

= 1 if nodal temperatures are specified

26-30 (1) Number of nodal points with specified external
heat flow or nodal temperature (200 max)

31-35 (1) Number of time increments (no limit)

40 (1) = 0 for no stress computation
= 1 for stress computation

45 (1) = 0 if only moment about X-axis is considered
= 1

if both Mx and My are considered

46-50 (I) Time interval for print of output



Card 2

Cols. 1-10

11-20
21-30
31-40
41~50

(F)

(F)
(F)
(F)
(F)
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Time increment (fraction of hour, assumed
constant in the problem)

Uniform initial temperature for all nodal points
Absorptivity of the top surface

Emissivity of the material

Span ratio (= -1 for 1 span; = 0 for 2 spans; and

1 for 3 equal spans)

2.3 Element Material Cards. Two cards per element type must be input.

Material properties are assumed constant over each individual element.

Card 1

Cols. 5

Card 2

Cols. 1-10
11-20
21-30
31-40
41-50
51-60
61-70
71-80

(1)

(F)
(F)
(F)

(F)
)
)
(F)

(F)

Element material type

Conductivity in the X~direction (btu/ft/hr/oF)
Conductivity in the Y-direction

Conductivity in the XY-direction (for isotropic
material, X = Y and XY = 0)

Specific heat of material (btu/1b/°F)

Density of material (1b/ft3)

Rate of heat generated per unit volume (internal
heat generation)

Modulus of elasticity (either psi or psf; same
unit for stress output)

Thermal coefficient of expansion

2.4 Nodal Coordinate Cards. Two cards per nodal point except when mesh

generation option is used.

These cards need not be input in numerical

sequence; however, the node having the largest number must be input last. The

increment between nddal points and coordinates along the line must be

constant.
Card 1

Cols. 1- 5
6-10

(1)
(1)

Nodal point I of straight line
Nodal point J of straight line

(J =1 if no generation in J-direction)
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Cols. 11-15 (I) Nodal point K of straight line
(K = 1 if no generation in K-direction)
16-20 (I) Increment between successive nodes in the
J-direction
21-25 (1) 1Increment between successive nodes in the

K-direction
Card 2

Cols. 1-10 (F) X-coordinate of nodal point I
11-20 (F) Y-coordinate of nodal point I

Omit the following items if only one node is input:
21-30 (F) X-coordinate of nodal point J
31-40 (F) Y-coordinate of nodal point J
41-50 (F) X~coordinate of nodal point K
51-60 (¥) Y~-coordinate of nodal point K

2.5 Element Nodal Point Number and Material Type Cards. One card per

element, except when mesh generation option is used., This card need not be
input in numerical sequence; however, the element having the largest number

must be input last.

Cols. 1- 5 (1) Element number II

6-~10 (1) Last element number to be generated in
JJ-direction (JJ = 11 if no generation)

11-15 (1) Last element number to be generated in
KK-direction (KK = II if no generation)

16-20 (I) Element material type

21-25 (1) Element nodal point I of element number II

26-30 (1) Element nodal point J of element number II

31-35 (I) Element nodal point K of element number II

36-40 (I) Element nodal point L of element number II
(for a triangle, L = I)

41-45 (1) Element number increment in JJ-direction
(= 0 if JJ = II)

46-50 (I) Element number increment in KK-direction

(= 0 if KK = II)



75

Cols. 51-55 (I) Element nodal point increment in JJ-direction
(= 0 if JJ = 11)
56-60 (1) Element nodal point increment in KK-direction

(= 0 if KK = 1I)

2.6 External Heat Flow or Nodal Temperature Cards (At Time Zero). This

set of data is omitted if item 6 in Sec. 2.2 is zero. Otherwise, the number
of nodal points in item 6 in Sec. 2.2 must be input. One card per nodal
point, except when mesh generation option is used. These cards need not be

input in numerical sequence.

Cols. 1- 5 (I) Nodal point I
6-10 (I) Nodal point J
11-15 (I) Increment between successive nodes
21-30 (F) ©Nodal temperature or external heat flow intensity
or total solar radiation intensity in a day
If item 4 is the total solar radiation intensity in a day, then
input the following:
31-40 (F) Time at sunrise (if 6:30 a.m., input 6.5)
41-50 (F) Time at sunset (if 6:30 p.m., input 18.5)
51-60 (F) Time at this moment

2.7 Convective Boundary Condition Cards. This set of data is omitted if

item 4 in Sec. 2.2 is zero. Otherwise, the number of nodal points in item &4
(Sec. 2.2) must be input. One card per nodal point, except when mesh genera-

tion option is used. These cards need not be input in numerical sequence.

Cols. 1- 5 (I) DNodal point I
6-10 (I) Nodal point J
11-15 (I) 1Increment between successive nodes
21-30 (F) Film coefficient (hC = 0.663 + 0.133u

where u = wind speed, mph)

2,8 Transient Information

2.8,1 Environmental Temperature Card. This data card is omitted if

item 4 in Sec. 2.2 is zero.

Cols. 1-10 (F) Air temperature (OF)
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2.8.2 External Heat Flow or Nodal Temperature Cards. This set of data

is omitted if item 4 in Sec. 2.6 is the total solar radiation intensity in a

day. If item 4 in Sec. 2.6 is the external heat flow intensity, then input
Cols. 1-10 (F) Heat flow intensity (btu/ftz/hr).
However, if item 4 in Sec. 2.6 is the specified nodal temperature, then input

Cols. 1- 5 (1) Nodal point I
6-10 (I) Nodal point J
11-15 (I) Increment between successive nodes

21-30 (F) Nodal temperature,

Use of the Program SHELLS

3.1 Mesh Construction. A finite element mesh is obtained by subdividing

the structure into quadrilateral or triangular elements. An example of a
finite element mesh for a typical segment used in segmental bridge construc-
tion is shown in Fig 36. Element nodes lie in the mid-surface of the
individual plates comprising the segment. Although the exact proportions of
the individual elements are arbitrary, care should be taken to insure that the
element proportions do not become overly exaggerated.

In this program, the frontal method is employed during the solution
process (Ref 22). 1In this procedure, the element numbering, rather’ than.nodal
numbering, should run in the direction with the smallest number of elements,
as shown in Fig 36. 1In this way, the maximum front width of the entire assem-
blage is minimized in order to reduce storage and computational efforts. The
program is dimensioned for a maximum front width of 150 degrees-of-freedom
(or 25 node points).

When the entire mesh or a portion of it has the same number of subdivi-
sions in two directions throughout as shown in Fig 37, a reduction of the
required input is possible. The assumed nodal and element numbering for a
mesh of this type, which is referred to herein as a regular mesh, is illus-
trated in Fig 37. Element nodal point numbers for a regular mesh may be
generated with a single input data card as described in Sec. 4.5. Element
nodal points I, J, K, and L are numbered counterclockwise with node I having
the smallest number as illustrated for element I in Fig 37 for a regular mesh.
Regular meshes should be used when possible. This simplifies the required

input, thereby reducing possibilities of error in preparing the input data.



a.

Partial three-dimensional view.

b.

Partial finite element idealization.

Fig 36. Box girder bridge.
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- Moreover, regular meshes usually result in minimum front width, hence reducing
storage and the computation time for a given problem.

The mesh may require refinement, i.e., reduction in element size, in
regions having steep stress and moment gradients, A regular mesh is graded by
a gradual decrease in element sizes. In addition, a mesh may be graded by the

use of triangular elements.

3.2 Coordinate Systems. A global coordinate system x, y, z , for

example, as shown in Fig 38, must be chosen for the structure which is to be
analyzed. This choice is arbitrary; however, simplification of input nodal
coordinates usually dictates the proper orientation for this coordinate
system.

Another set of coordinates §1, §2, and §3 (Fig 38), called surface
coordinates, must be selected. If IFLAG = 0 in Sec. 4.2, i.e. all trans-
lations and rotations are specified to be in global coordinates as is the
usual case, then no input data is required. These coordinates are internally
generated by the program to be in the global directions at all node points.
However, if the structure is skewed, for example, then support boundary con-
straints should have directions other than those defined by the global
coordinates. In this case, surface coordinates should be specified so that
elther El or §2 is normal to the skewed support in order to ensure zero
rotation normal to that support (see also Appendix 2). 1In such problems,
IFIAG = 1 1in Sec. 4.2, and surface coordinates must be either generated (see
Secs. 5.1 through 5.4) or input at each node point.

Local coordinates (X, ¥y, and z) for each triangle are constructed auto-
matically by the program as shown in Fig 39. This coordinate system is
referred to as element coordinates and is defined as follows: The axis X

is directed along side I-J while the axis ¥ 1is perpendicular to X and

—

lies in the plane of the element and is directed toward node K. The axis 7%
is constructed normal to the plane of the element to complete a right-handed
system for the coordinates % , ¥ , and Z .

Another local coordinate system (Th s TE , and TB) for each quadrilateral
is constructed automatically as shown in Fig 40. This coordinate system is
referred to as Trcoordinates and is constructed as follows. The coordinate
ﬂl bisects sides I-L and J-K, while Tb bisects sides I~-J and K~L. Positive

directions for My and ﬂz are shown in Fig 40. Subsequently, ns is
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Fig 38.

Surface coordinate systems for box girder bridge.



Y, E,
Y X
+ANG (See Sec. 2.7)
X, E,
E, Z (+out)

Fig 39. Definition of x - y coordinates for triangle
and orientation of orthotropic moduli,

E1 and E2

z, n, (normal to n'—'ﬁ2 piane)

n, Cin n-h, plane)

+ANG (See Sec.2.7)

n
J o X, E
Fig 40. Definition of T~coordinates for quadrilateral
and orientation of orthotropic moduli,

E1 and E2
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constructed normal to the Tu-TE plane and then Tb is taken normal to
the ﬂl-TB plane to complete the right-handed system (ﬂl, T&, Th).

These two local systems, i.e., element and f~coordinates, must be con-
sidered in specifying orthotropic material orientations ( % and ? ) and
element distributed loadings, and also in determining the orientations of

stress and moment resultants which are output by the program.

3.3 Finite Element Types. In addition to a truss element, three types

of finite elements are available in the program, all of which include membrane

and bending stiffnesses.

a. Triangular Element
Membrane stiffness . . . Constant strain triangle (CST)
Bending stiffness . . . Fully compatible plate bending element

after Hsieh, Clough and Tocher (HCT).

b. Nonplanar Quadrilateral Element
Membrane stiffness . . . An assemblage of four linear strain
triangles with linear displacements
along exterior sides (CIST)
Bending stiffness . . . An assemblage of four bending elements

as per a

C. Planar Quadrilateral Element
Membrane stiffness . . . A refined membrane element (QM5)

Bending stiffness . . . Same as for nonplanar quadrilateral
d. One-Dimensional Element . . . Axial stiffness only

The superior stiffness properties of the quadrilateral versus the

triangle motivate the general use of the quadrilateral.

3.4 Nodal Point Degrees of Freedom and Base Coordinates. A six-degree-

of-freedom nodal point displacement system for the assemblage is utilized.
These six degrees of freedom consist of three linear translations and three

rotations, and are defined as follows:

D1 = Translation in either global x-dir. or surface gl-dir.,
D2 = Translation in either global y-dir. or surface §2-dir.,
D3 = Translation in either global z-dir. or surface £ =dir.,

3
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D4 = Rotation about either global x-dir. or surface gl-dir.,
D5 = Rotation about either global y-dir. or surface §2-dir.,
D6 = Rotation about either global z-dir. or surface §3—dir.

It should be noted that all translations and rotations are either in global

coordinates or in surface coordinates.

3.5 Element Distributed Loads. Equivalent nodal forces are automatically

generated for element unit weight and pressure load for each element of the
assemblage. Only translational nodal force components are considered to
result from element weight and pressure load. The element nodal forces are
computed by assuming linear variations of in-plane and out-of-plane displace-
ments over each triangle and each subelement of the quadrilateral. The nodal
forces resulting from both shell weight and pressure will be superimposed onto
input nodal forces,

Element unit weight is considered uniform over each triangle and each
quadrilateral in the idealization, but may have a different value for each
element. Element weight per surface area is computed by multiplying the
element unit weight by the element thickness at each corner of the triangular
element and each subelement of the quadrilateral. Therefore, a linear varia-
tion in element weight is accounted for in the program. Positive element
weight is assumed to act in the positive global z-direction.

The pressure load is assumed to act normal to each triangular element.
For the quadrilateral, the pressure load is assumed to act normal to each of
the four subelements. Input positive pressure is assumed to act in the Z-
direction for the triangle while input positive pressure for the quadrilateral
is assumed to produce loads in each subelement which act in the positive Tb
direction for a planar quadrilateral. For a nonplanar quadrilateral, positive
pressure on each subelement produces loads which have positive components in
the direction of Tb 5 however, in this case, components will result in the
“1"Tb plane, since the normal component for each subelement is not exactly
parallel to TB . The pressure load may vary linearly over each triangular
element and linearly over each subelement of the quadrilateral since the
pressure at the central interior node is taken as the average of the pressure
at the four exterior nodes. See Figs 39 and 40 for triangular and quadri-

lateral coordinate definition.
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Temperature effects are accounted for by computing '"equivalent" element
nodal point forces from the specified temperature distribution. Shapes of
temperature distribution over the bridge depth depend mainly on its conduction
property. A steel beam, for example, because of its high thermal conductivity,
will quickly reach the temperature of the surrounding air. However, this is
not true for a concrete beam. Nonlinear temperature distribution is usually
found in the concrete structures as a result of its low thermal conductivity.
In this program, expressions for the "equivalent" forces are based on the
quartic approximation of the temperature distribution through the thickness of
each element and a linear approximation to the temperature distribution over
the surface of each element. These approximations give a more accurate repre-
sentation of the nonlinear temperature distribution in concrete structures
than the approximation based on a linear temperature distribution over the
depth of each element.

In order to define a quartic temperature distribution, five different
temperatures over the thickness of the element need to be imput at each node
point. Input nodal temperatures may be specified by either node points or
elements (see Sec. 4.9). When nodal temperatures are input by node points,
the corners of elements sharing a common node have the same temperature. The
corners of elements sharing a common node could have different temperatures by

specifying nodal temperatures by elements.

3.6 Orthotropic Material Properties. The principal elastic axes for the

orthotropic properties are X , Y , and Z , as shown in Figs 39 and 40. The
principal elastic axes may have arbitrary orientation with respect to the
quadrilateral and triangular coordinates as shown in Figs 39 and 40. The
angle, ANG , between the principal elastic axes and element coordinates is
measured from the principal elastic axis, ¥ to ﬂl and ¥ for the quad-
rilateral and triangle, respectively. Positive angles are indicated in

Figs 39 and 40,
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The stress-strain relation referred to the principal elastic axes is

4 N \ . - - W
ox El/X Ez\)lz/X . € X
v . .5 >
< oy g Elvzl/x E2/X ey
4 - - \ ~
where
E1 s E2 are principal elastic moduli in the ; and ;
directions, respectively;
. 1 . = .
Vip > Vo1 Poisson's ratios (Ez\)12 Elvzl),
X = (1- v12v21); and
Gl2 is the shear medulus.

To simplify the input, the following material constants will be defined:

E =

p =

v
e12 ©

The in-plane

TXY

\/£1E2

El/EZ

/V12V21

[E/(ZGIZ)] -1

mean modulus;

modulus ratio;

mean Poisson's ratio;

fictitious Poisson's ratio

associated with G12 .

stress-strain relation in the principal elastic axes becomes

— 4 N
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The moment curvature relation is obtained by multiplying this matrix by

3 , .

t”/12 , where t 1is the plate thickness, and by associating a factor of two
with the twisting curvature.

If the material is isotropic, El = E2 = E , V19 = Vyp =y = Vo2

and p = 1.0 . For the isotropic case, ANG (Figs 39 and 40) is arbitrary

and should be input as zero or simply left blank.

Preparation of Input Data

Abbreviations: A = alphanumeric field
I = integer value (must be packed to the right of the
field)
F = floating point number (must be punched with a
decimal)

4,1 Title Card (A) ~ Alphanumeric information for problem

identification

4.2 Control Card

Cols. 1- 5 (I) NUMEL = Number of elements (2000 max)
6-10 (I) NUPTS
11-15 (I) NUBPTS

Number of nodal points (400 max)

f

Number of points with displacement

boundary conditions (100 max)

16-20 (I) IBANDP This field must be left blank.
21-25 (I) NDFRE = Nodal point degrees of freedom = 6
26-30 (1) IFLAG

Base coordinates for translations:
If 0, translations and rotations are
in global coordinates.

If 1, translations and rotations are

in surface coordinates,

31-35 (I) NUMAT Number of different material types
(30 max)
36-40 (I) ISHEAR This field must be left blank.

41-45 (1) NRED = This field must be left blank.



Cols. 46-50 (I) IREACT
51-55 (I) LPROB

56-60 (I) IGEN

61-65 (1) 1ISIG

66-70 (I) 1IROT

71-75 (1) 1ITEMP
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This field must be left blank.
Specifies if another problem is to
follow:

If 0, this is the last problem.

If 1, another problem follows.

IGEN, which may have values of 0, 1,
2, 3, or 4, governs the level of
output desired - for example,

when IGEN = 0, maximum amount of
output is obtained;

when IGEN = 4, minimum amount of
output is obtained.

Specifies whether element stress and
moment resultants or element stresses
and principal stresses are to be
printed. Refer to Appendix 2 for
definitions of the quantities,

If 0, stress and moment resultants are
printed.

If 1, stresses and principal stresses
are printed.

Fictitious rotational stiffness:

when IROT = 0 , fictitious rotational
stiffness is considered;

when IROT = 1 , it is not considered.
Element or nodal point temperature
desired to be input,

If 0, nodal point temperatures are to

be input.
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If 1, element temperatures are to be
input.

76-80 (I) NLVT Must be 1.

4.3 Nodal Coordinate Cards. One card per nodal point, except when mesh

generation options are used. These cards need not be input in numerical

sequence; however, the node having the largest number must be input last.

Cols. 1- 5 (I) Nodal point number
21-30 (F) Global x-coordinate
31-40 (F) Global y-coordinate
41-50 (F) Global z-coordinate

For generation options see Nodal Coordinate Generation (Secs. 5.1-5.6).

4.4 Surface Coordinate Direction Cosine Cards. The surface coordinate

direction cosines as described in Sec. 3.2 are specified by this set of cards.
From the input cosines described below, €3 is automatically constructed by a
cross-product of §1 and §2 , and §2 is then determined by the cross-
product of §3 and §1 to insure a right-handed orthogonal system.

If TIFIAG 1in Sec. 4.2 is O, then only the blank card is required to
terminate this data set. Surface coordinates will be generated to be in the
global directions at all node points.

If IFIAG in Sec. 4.2 is 1, then direction cosines must be specified for
all node points. When the options of Secs. 5.1-5.6 are exercised, each point
for which coordinates are generated will also be assigned direction cosines.
If only some of the nodes are generated as per Secs. 5.1-5.6, the direction
cosines must be input for all other nodes. These cards need not be input in

numerical sequence. A blank card must be used to terminate this data set.

Cols. 1- 5 (I) Nodal point number I
6-10 (I) L1LIM
11-15 (I) MOD
21-30 (F) Component in global x~dir., of unit vector 51 *
31-40 (F) Component in global y-dir. of unit vector 51
41-50 (F) Component in global z-dir. of unit vector ¢

51-60 (F) Component in global x-dir. of unit vector EZ *k



Cols. 61-70 (F) Component in global y-dir. of unit vector EZ

71-80 (F) Component in global z-dir. of unit vector EZ
*#1f Cols, 21-50 are left blank, input cosines for 51 are suppressed,
**1f Cols. 51-80 are left blank, input cosines for EZ are suppressed.

The suppression option allows one to redefine one set of previously
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established cosines (either from input or generation options) without changing

the other at a given point. Note that £, 1is an approximate value to §g

2
If LIM> I and MOD > O , then the direction cosines of points

I+MOD , I+ 2"MOD , . .., LIM

=2

will be set equal to these specified for point I.

mesh generation options are used.

4.5 Element Nodal Point Number Cards. One card per element, except when

sequence; however, the element having the largest number must be input last.

Cols. 1- 5 (I) Element Number N
6-10 (I) Element nodal point I
11-15 (I) Element nodal point J
%%16-20 (I) Element nodal point K
#21-25 (1) Element nodal point L
26-30 (I) NINCV = number of elements in direction of
nodal numbering; see Fig 37.
31-35 (I) NINCH = number of layers with similar element
nodal numbering; see Fig 37.
*A triangular element is assumed if Cols. 21-25 are left blank.
%%A truss element is assumed if Cols. 16-25 are left blank.

If NINCV > 0 and NINCH > 0 , a regular mesh will be constructed for

the quadrilateral elements N through N+ NINCV*NINCH - 1 , as shown in

Fig 37. Care should be taken to order the node numbers I, J, K, and L for

the N'th element as shown in Fig 37.

See Secs. 6.1-6.2 for additional generation options.

4,6 Element Material Table, One card per element type must be input.

Material properties are assumed constant over each individual element. See

Sec.

3.6 for definition of terms used below.

Cols. 1- 5 (I) Element material type

11-20 (F) Mean modulus = E1E2

These cards need not be input in numerical
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Cols, 21-30
31-40

41-50
51-55
56-60
61-70
71-80

4.7 Element Property Cards.

(F)
(F)

(F)
(F)
(F)
(F)
(F)

Modulus ratio

Mean Poisson's ratio

= El/EZ

Fictitious Poisson's ratio

Field must be left blank
Field must be left blank

T/ V12V21

[ ElEz/(chz)] -1

Thermal coefficient of expansion

Initial temperature distribution - uniform

temperature throughout the thickness and over the

surface of the material (TINIT).

generation options are used.

One card per element, except when mesh

These cards need not be input in numerical

sequence; however, the element having the largest number must be input last.

Cols. 1- 5
6-10

11-15

16-20

21-25

31-40

41-50
51-60
61-70
71-80

(1
(1)
(1)
(D
()

(F)

(F)
(F)
(F)
(F)

Element number N

Element material type (see Sec. 4.6)

LIM
MOD

Specifies type of membrane stiffness for the

quadrilateral.

If 0, four CLST's are used (see Sec. 3.3b).
If 1, a QM5 is used (see Sec. 3.3c).

Thickness at node I (or cross-sectional area for

a truss member)

Thickness at node J

Thickness at node K

Thickness at node L

ANG = Angle in degrees between principal elastic

axis and element coordinates; see Figs 39 and 40.

If LIM>N and MOD > O , then the element type, thicknesses, and ANG

of elements

N + MOD

will be set equal to those specified for element N .

>

N + 2#MOD

3

’

LIM
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4.8 FElement Distributed Load Cards. One card per element, except when

mesh generation options are used. Loads acting on all elements must be
specified (elements with zero loads must be included). These cards need not
be input in numerical sequence; however, the element having the largest number

must be input last,

Cols. 1- 5 (I) Element number N

6-10 (1) LIM

11-15 (I) MOD

21-30 (F) Element unit weight (positive in global

z-direction)

31-40 (F) Pressure at node 1

41-50 (F) Pressure at node J Note: See Sec. 3.5
51-60 (F) Pressure at node K for sign

61-70 (F) Pressure at node L conventions.

If LIM> N and MOD > 0 , then the element unit weight and pressures of

elements
N+MOD , N4 2%MOD , . .., LIM
will be set equal to those specified for element N .

4,9 Nodal Temperature Cards, If ITEMP = 0 as specified in Sec. 4.2,

item 15, then temperatures must be input by nodal point numbers for all nodal
points. If NLVT = O , then all nodal point temperatures must be input as

Zero.

Cols, 1- 5 (I) Nodal point number I
6-10 (I) LIM
11-15 (I) MOD
21-30 (F) Temperature at top surface at node I (TT)
31-40 (F) Temperature at tf& below top surface at node I

(TT4)

41-50 (F) Temperature at t/2 below top surface at node I
(T™)

51-60 (F) Temperature at 3t/4 below top surface at node 1
(TB4)

61-70 (F) Temperature at bottom surface at node I (TB)
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A blank card must follow this data set.
If ITEM = 1 , then temperatures are input by elements with four cards
required for each generation.

Element Temperature Generation (4 cards):

Card 1 Cols. 1- 5 (I) Element number
6-10 (I) LIM
11-15 (I) MOD
21-30 (F) TT at node I of element generated
31-40 (F) TT4 at node I of elements generated
41-50 (F) TM at node I of elements generated
51-60 (F) TB4 at node I of elements generated
61-70 (F) TB at node I of elements generated
Card 2 Cols. 21-30 (F) TT at node J of elements generated
31-40 (F) TT4 at node J of elements generated
41-50 (F) 1TM at node J of elements generated
51-60 (F) TB4 at node J of elements generated
61-70 (F) TB at node J of elements generated
Card 3 Cols. 21-30 (F) TT at node K of elements generated
31-40 (F) TT4 at node K of elements generated
41-50 (F) TM at node K of elements generated
51-60 (F) TB4 at node K of elements generated
61-70 (F) TB at node K of elements generated
Card 4 Cols. 21-30 (F) TT at node L of elements generated
31-40 (F) TT4 at node L of elements generated
41-50 (F) TIM at node L of elements generated
51-60 (F) TB4 at node L of elements generated
61-70 (F) TB at node L of elements generated

Temperatures must be generated for all elements. A blank card must
follow this data set.

The temperature input in Sec. 4.9 will be reduced by subtracting TINIT in
Sec. 4,6 to determine the temperature change from the original uniform temper-

ature distribution for each material type.



If LIM> 1

I + MOD

will be set equal to those specified for Node I.

, 1+ 2%MOD ,

- e

LIM

and MOD > 0 , then the temperature at points

Temperatures need not be

A blank

input in numerical sequence but they must be specified for all nodes.

card must be used to terminate this data set.

4,10 Boundary Condition Cards.
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One card per nodal point having a speci-

fied displacement component (whether zero or nonzero), except when mesh gener-

ation options are used.

numerical sequence.

Boundary condition cards need not be input in

Nodal

1 for
for
for
for

for

e L e

for

specified
specified
specified
specified
specified

specified

Cols, 1- 5 (1)
7 (1)

8 (D)

9 (1)

10 (1)

11 (D)

12 (%)

13-15 (1)

16-18 (1)

21-30 (F)

31-40 (F)

41-50 (F)

51-60 (F)

61-70 (F)

71-80 (F)
*Specified

If LIM> I

I + MOD

LIM

MOD

Specified
Specified
Specified
Specified
Specified
Specified

value
value
value
value
value

value

point number I

value
value
value
value
value

value

for D2
for D3
for D&
D5
D6

for

for

value may be nonzero.

, I+ 2%MOD ,

. . LIS

will be set equal to those specified for element I.

4,11 Control Card for Elastic Supports

Cols. 1- 5

(1)

Number of points with elastic supports (max 50)

for
for
for
for
for

for

* for D1

and MoD > O , then values for points

D1;
D2;
D3;
D4,
D5;
D6

LIM

The six degrees of freedom are ordered as follows:

otherwise
otherwise
otherwise
otherwise
otherwise

otherwise
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4.12 Spring Constant Cards., If the number of points with elastic

springs is specified as zero, no cards are required for this set. These cards

need not be input in numerical sequence.

Cols. 1- 5 (I) Nodal point number I

6-10 (I) LIM

11-15 (I) M™MOD
21-30 (F) Spring constant for D1 displacement
31-40 (F) Spring constant for D2 displacement
41-50 (F) Spring constant for D3 displacement
51-60 (F) Spring constant for D4 rotation
61-70 (F) Spring constant for D5 rotation
71-80 (F) Spring constant for D6 rotation

If LIM> 1 and MOD > O , then values for points
I+MOD , I+ 2%MOD , . . . , LIM

will be set equal to those specified for node I. This set is terminated when

the number of points specified in Sec. 4.11 has been input.

4,13 Control Card for Nodal Point Loads. Only one load case for a

single problem is allowed. A blank card must follow this card.

Cols. 1- 5 (I) Must be 1
6~10 (I) Number of loaded nodes

Joints with all six applied force components equal to zero need not be

included as a loaded joint. Nodal forces are input as described below.

4.14 Nodal Point Load Cards. Input nodal forces correspond in an energy

sense to the nodal point displacement components, i.e., PiDi , 1 =1, 6
The number of input cards for the load case must equal the number specified in
Sec 4.13 above, except when mesh generation options are used. The input

format for the load case is as follows:

Cols. 1- 5 (I) Nodal point number I
6-10 (I) LIM
11-15 (I) MOD
21-30 (F) Value of Pl which corresponds to D1
31-40 (F) Value of P2 which corresponds to D2
41-50 (F) Value of P3 which corresponds to D3
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Cols. 51-60 (F) Value of P4 which corresponds to D4
61-70 (F) Value of P5 which corresponds to D5
71-80 (F) Value of P6 which corresponds to D6

These cards need not be input in numerical sequence.

If LIM> I and MOD > O , then loads for points
I+MOD, I+2%WMOD, ..., LIM
will be set equal to those specified for point I.

Nodal Coordinate Generation

The previous section provided a general input format by which all the
information which is necessary to completely define a given problem is input
via data cards. The generation options in Secs., 5.1-5.6 and Secs. 6.1-6.2 are
intended to simplify and to reduce the amount of that required input.

Six types of automatic generation options are available. The first four
types treat surface generations which occur frequently in structures; straight
lines, circular arcs, parabolas and ellipses. Nodal numbering along each
generator must be in increasing order and the difference between ad jacent
nodes must be constant over the entire generator. The fifth and sixth types
of generation are useful when the coordinates of a set of points may, by
constant increments (in nodal numbering and global coordinates), be defined
from a previous set of points which have been input.

If any of these six types of generation are used, then two sets of
direction cosines are generated. The procedure for the generation of these .
direction cosines is described below for each type of coordinate generation.
In many cases, these generated direction cosines will correspond with the
chosen surface coordinates §1 and € thereby eliminating the need of
inputting these direction cosines; in other cases, the generated direction

cosines will have to be replaced by manually computed values.

5.1 Straight Line (Fig 41)

Cols. 1- 5 (I) Node I of straight line
6-10 (I) Node J of straight line
11-15 (I) Increment between successive nodes = K
20 (1) =1
21-30 (F) Global x-coordinate of point T
31-40 (F) Global y-coordinate of point I
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o

y =£,
X = PROJECTION
— OF X INTO
J x-y PLANE
1
Z o - S— S, X

1]
™

/.i

J-I J

I+2
I+1

I
EQUAL INCREMENTS ALONG STRAIGHT LINE

Fig 41. Straight line.

m = *MID-POINT OF CIRCULAR ARC

I+1
I

EQUAL INCREMENTS ALONG CURVE

Fig 42. Circular arc.
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Cols. 41-50 (F) Global z-coordinate of point I
51-60 (F) Global x-coordinate of point J
61-70 (F) Global y~-coordinate of point J
71-80 (F) Global z-coordinate of point J

The straight line is subdivided into (J-T1)/K equal parts and the intermediate
global nodal coordinates are computed.

The two sets of direction cosines are computed by

Assuming gl is in the direction from point I to point J.
b. Assuming §2 lies in the x-y plane and is normal to the line
obtained by projecting line I-J onto the x-y plane, i.e., &, = ¥

=2
(Fig 41), and by ensuring a right handed system for X, ¥, Z.

For example, if the numbering had required a reversed direction for X and

hence §l , then ¥ and §2 would be reversed in order to maintain a right-
handed system without changing the direction of §3 . In the case where gl

is parallel to =z (either direction), then gz is assumed to be in the same

direction as the global y-coordinate.

5.2 Circular Arc (Fig 42) (Two cards)

Card 1

Cols, 1- 5 (I) DNode I of circular arc
6-10 (I) Node J of circular arc

11-15 (I) 1Increment between successive nodes = K

20 (1) = 2

21-30 (F) Global x-coordinate of point

31-40 (F) Global y-coordinate of point

41-50 (F) Global z-coordinate of point

51-60 (F) Global x-coordinate of point

61-70 (F) Global y-coordinate of point

2 8 B H H H

71-80 (F) Global z-coordinate of point

Card 2

Cols. 21-30 (F) Global x-coordinate of point J
31-40 (F) Global y-coordinate of point J
41-50 (F) Global z-coordinate of point J
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The circular arc is subdivided into (J-I)/K parts of equal arc length and the
intermediate global nodal coordinates are computed. The local right-handed

Cartesian coordinate system X, ¥, Z is constructed as follows:

a. ® is positive from I to J.
b. Z is positive from n, a point equidistant from 1 and J, to point m,
the midpoint of the circular arc.

¢. ¥ is established by a cross-product of ¥ and Z (+inward as shown in
Fig 42).

Surface coordinate direction cosines are computed by assuming

d. gl lies in the plane %~%Z and is tangent to the circular arc at each

node. It is directed along the arc going from I to J.

e. §2 is assumed to be in the positive direction of ¥. Note that if
the nodal point numbers had increased from right to left in Fig 42,

¥, and hence §2 , would be positive outward.

The circular arc may have an arbitrary orientation with respect to the

global coordinates.

5.3 Parabola (Fig 43) (Two cards)

Card 1

Cols. 1- 5 (I) Node I of parabola
6-10 (1) Node J of parabola
11-15 (1) 1Increment between successive nodes = K
20 (1) = 3

21-30 (F) Global x~coordinate of origin point O
31-40 (F) Global y-coordinate of origin point O
41-50 (F) Global z-coordinate of origin point O
51-60 (F) Local %-coordinate of point I
61-70 (F) Local %-coordinate of point J

71-80 (F) Llargest absolute value of Ei and Ej
Card 2

Cols. 21-30 (F) Counterclockwise angle w (in degrees)

from x to X
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The horizontal distance between I and J is subdivided into (J-I)/K equal

intervals and the intermediate global nodal coordinates are computed.

The local coordinate system X, ¥V, and Z is constructed as follows:

X is positive in the direction from I to J.

Z 1s parallel and in the same direction as z.

¥ forms a counterclockwise angle of w+ 90° from the global

X~-axis.

Surface coordinate direction cosines are computed by assuming

d. gl lies in the plane X-Z and is tangent to the parabola at each
node. It is directed along the parabola going from I to J.

e. gz is parallel to and in the same direction as ¥.

5.4 Ellipse (Fig 44) (Two cards)

Card 1

Cols. 1- 5 (I) Node I of ellipse
6-10 (I) Node J of ellipse

11-15 (I) Increment between successive nodes = K
20 (I) = 4
21-30 (F) Global x-coordinate of origin point O
31-40 (F) Global y-coordinate of origin point O
41-50 (F) Global z-coordinate of origin point O
51-60 (F) Local ®-coordinate of point I
61-70 (F) Local R-coordinate of point J
71-80 (F) Distance, a , from O to ellipse along Z
Card 2
Cols. 21-30 (F) Distance, b , from O to ellipse along X
31-40 (F) Counterclockwise angle from x to X in degrees

The ellipse arc length

between nodes I and J is subdivided into (J-I)/K

equal arc lengths and the intermediate global nodal coordinates are computed.

The local coordinate system ¥, ¥, and Z is constructed as follows:

a. X is positive in the direction from I to J.

Nl

is parallel and in the same direction as z.
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c. 7 forms a counterclockwise angle of w+ 90° from the global

X-axis.
Surface coordinate direction cosines are computed by assuming
d.

3 lies in the plane X-Z and is tangent to the ellipse at each

nide. It is directed along the parabola going from I to J.
e. gz is parallel to and in the same direction as ¥.
Restriction: 7Z must be parallel to the global z-axis and angle
10J < 180° .
5.5 Incremental Generation - Type 1
Cols. 1- 5 (I) Node I of generator
6-10 (I) Node J of generator
11-15 (I) -MOD, where MOD = nodal difference of adjacent
generators
16-20 (I) -LIM, where LIM = number of new lines to be
generated
21-30 (F) XINC = Increment in x~dir. from old to new
generator
31-40 (F) YINC = Increment in y-dir. from old to new
generator
41-50 (F) ZINC = Increment in z=-dir. from old to new
generator

(J-1)*LIM points to be generated as follows:

)

This card causes

(£ (£))

*
X¢-mop TR INCFL *1’x K-MOD
= e =
Yy Yy -mop ¥ INC*L and (5)0¢ (€)% -Mop
Zy T ZgpoptZINCFL (€3 = (&) yop
where L = 1, 1, LIM, and K = (I+MOD*(L-1)) , 1 , (J+MOD*(L-1)) .

This option assumes that XINC,
generators considered. Also, nodal

assumed as shown in Fig 45.

YINC, and ZINC are constant for all

numbering as for a regular mesh is

Assuming that Line 1 (Fig 45) had been generated,

then the following would generate the remaining Lines 2-6:
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Lir;e ! Line 2 Line 3 Line 4 Line Line 6
R R
) 8 2 16 20 24
3 7 " 15 19 23
12 6 10 14 18 221
ZC" 5 9 13 7 21 -
Fig 45. Sample for nodal point generation.
Y
T e | i0VE G
4 8 12 16 20 24
3 7 1 5 ) 23| = Line 3
2 6 10 14 18 »Line 2
7 d 3 9 i3 17 2l _x_...Line {

Fig 46.

Sample for nodal point generation.



103

I =5, J =8, MOD =4, LIM =5 and

XINC = XS-X1 » YINC = YS-Y1 » ZINC = ZS-Z .

5.6 Incremental Generation - Type 2

Cols. 1- 5 (I) Node I of generator
6-10 (I) Node J of generator
11-15 (I) MOD (same as for Type 1)
16-20 (I) -LIM, where LIM = number of new lines to be

generated
21-30 (F) XINC
31-40 (F) YINC same as for Type 1

41-50 (F) ZINC

This card causes ((J-I1)/MOD)*MOD*LIM points to be generated as follows:

X 7 Kg-tXINCTL g = Epya
Yo = Y HYINGHL and (B = By
Zy = Zy  TZINCHL (8) = (&3

where L =1, 1, L1LIM and K = (I+L-1) , MOD , (J+L-1) .

As for Type 1, a regular mesh is assumed as shown in Fig 46; however,
Type 2 generates lines opposite to the direction of nodal numbering. Assuming
that Line 1 (Fig 46) had been generated, then the following would generate the

remaining Lines 2-4:

I =2, J =22, MOD =4, 1LIM =3 .

Element Nodal Point Number Generation

6.1 Type 1. If M element cards are omitted with NINCV = NINCH = 0
in Sec. 4.5 these missing elements will be generated by increasing the nodal

numbers I, J, K, L of each of the preceding elements by 1.
6.2 Type 2. 1If on the card for element N (Sec. 4.5) we specify

Cols. 26-30 (I) -MOD
31-35 (I) NILAY
36-40 (I) IASTEL
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then elements N+NIAY , N+2N*IAY , . . . , LASTEL will be constructed by
adding MOD to the nodal numbers of each preceding element. If LASTEL

equals NUMEL , the input of the element nodal point numbers will be

terminated.



CHAPTER 5. SUMMARY AND CONCLUSIONS

General

This research has focused on establishing typical magnitudes of
temperature induced stresses and movements in highway bridges caused by daily
variations of temperature representative of the state of Texas. Computer
programs were developed for predicting temperature induced stresses and were
correlated with experimental data from two field tests. Further, they were
used to access the role of temperature in three typical highway bridge types:
(1) post-tensioned concrete slab bridges; (2) composite precast pretensioned

bridges; and (3) composite steel bridges. Environemntal data for six loca-

tions in the state of Texas (Austin, El Paso, Brownsville, Fort Worth,
Midland, and San Antonio) were obtained to study the influence of bridge
location on thermal stresses. Results for three of these locations (Austin,
El Paso, and Brownsville) are presented in this report. 1In the various
analyses structural response was assumed to be in the elastic range with the

structural stiffness based on an uncracked section.

Environmental, Material and Geometric Variables

As a result of this research it may be concluded that the important
environmental variables that affect bridge temperature are radiation, ambient
air temperature and wind speed. Incoming solar radiation which increases the
temperature on the top surface is the principal source of thermal stress
during the day while outgoing radiation during the night decreases the
temperature and leads to different forms of thermal stresses. Thermal
behavior is amplified by increasing intensities of solar radiation and larger
ranges of air temperature during a given day. Increasing wind speed serves to
lower the temperature gradient and thus decrease the thermal stress. Thus
extreme envirommental conditions are considered to take place on a clear night

followed by a clear still day with a large change in air temperature.
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Important material thermal properties are stiffness, absorptivity, emissivity,
and thermal conductivity.

Geometric variables which have an important effect on temperature induced
stresses are depth and shape of the cross section and the flexural indetermin-
ancy of the bridge. Thick sections with low thermal conductivity have a non-
linear distribution through their depth. The sun's rays heat the top surface
more rapidly than the interior region causing the nonlinear temperature gradi-
ent and an upward curling of the bridge. The nonlinear temperature gradient
thereby causes thermal stresses which are independent of the flexural indeter-
minancy of the bridge while additional flexural stresses take place in multi-
span bridges due to the restraint against upward curling offered by the
interior supports. Composite steel bridges, on the other hand, behave dif-
ferently when subjected to the same environmental conditions. This is due to
the high conductivity of the steel causing it to respond quickly to air tem-

perature and thereby decreasing the temperature differential over the depth.

Extreme Thermal Conditions

Based on this research, thermal effects appear to be more severe for
bridges with low thermal conductivity having thick sections which are subjected
to large intensities of solar radiation and large changes in air temperature
over a given day. For weather conditions representative of Austin, Texas,
predicted temperature induced tensile stresses in a prestressed concrete slab
bridge and a composite precast pretensioned bridge were found (39) to be in
the order of 60 to 80 percent respectively of the cracking stress of concrete
suggested by the AASHTO Specifications. Compressive stresses as high as 40
percent of the allowable compressive strength were predicted in a prismatic
thick slab having a depth of 17 inches. On the other hand, for a composite
steel bridge temperature stresses were predicted to be approximately 10
percent of the design dead and live load stresses.

Thermal conditions are more severe for El Paso largely due to greater
amounts of solar radiation. For example, for a uniform slab bridge with a
depth of 17 inches, compressive stresses of 1000 psi and 1100 psi were pre-
dicted for Austin and El Paso, respectively, while corresponding tensile
stresses were 330 psi and 410 psi. Tensile stresses in a precast pretensioned
bridge were predicted to be 565 psi for Austin and 810 psi for El Paso. These

thermal stresses are representative of an afternoon in the months of August in
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Austin and June in E1 Paso. In general, it was found (39) that extreme summer
conditions which result in compression at the top of the section with teunsion
in the lower regions occur in June or August while extreme reverse conditions
take place in January. Investigations carried out for a skewed three span
slab bridge with a uniform thickness of 18 in. yielded a small increase in
tensile stresses (about 15 percent) for the extreme summer conditions while

compressive stresses were increased by about 28 percent.

Finite Element Procedures

As a result of this research two computer programs, TSAP and SHELL8, were
developed and adapted to the IBM computer facilities of the Texas State
Department of Highways and Public Transportation for ongoing use. 1In each
case temperature distribution is predicted by using a two-dimensional finite
element model. Required inputs consist of either surface temperatures or
environmental data (i.e., solar radiation intensity, ambient air temperature
and wind speed). In TSAP temperature induced stresses are computed from beam
theory. On the other hand, SHELL8 utilizes two-dimensional finite elements in
a three-dimensional global assemblage with six degrees of freedom at each
nodal point. Thermal forces are calculated from a quartic distribution of
temperature through the thickness of each element. TSAP provides a versatile
and economical method for predicting thermal stress in regular sections with
orthogonal supports. Although greater amounts of data and computer time are
required, the use of program SHELL8 is required for more complex sections with

skewed supports.

Field Tests and Correlation

Field tests were performed on two bridges located in the state of Texas
to determine temperature induced slope changes and surface temperatures. A
portable temperature probe was used to measure surface temperatures while a
mechanical inclinometer was used to measure slope changes on the top surface
of the two bridges. The first bridge tested was a skewed, post-tensioned,
three-span continuous slab bridge located in Pasadena, Texas. The test was
conducted on 24 August 1974, a day with considerable cloudiness and heavy rain

between 1615 and 1745 hours (CDT). Despite these undesirable testing
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conditions for thermal effects, the thermal slope changes were of the same
magnitude as the live load response observed in a previous test (30).

The second field test was performed on 14 March 1975 on a two-span
structure with precast pretensioned beams made continuous for live load. This
two girder bridge is a pedestrian overpass and is located in Austin, Texas.
Surface temperature was complex in this narrow bridge due to the side heating
of the two girders and partial shading of the top of the slab by the parapet.
Thus surface temperatures were measured at 53 stations while slope changes
were measured at only one location since one of the inclinometers malfunctioned.
Correlations of measured slope changes and results from computer simulation
were made for each field test. Measured surface temperatures were used to
predict the internal temperature distributions. Static analysis programs were
then used to computer thermal movements and stresses. Correlations of the
measured slope changes and finite element results were considered to be satis-

factory for both structures.
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APPENDIX 1. AN EXAMPLE PROBLEM FOR INPUT AND
OUTPUT FOR PROGRAM TSAP

A one-span concrete slab and girder bridge subjected to daily temperature
effects, as shown in Fig 47, was selected to illustrate the required input and
the interpretation of output for program TSAP. The concrete was assumed to
have a modulus of elasticity of 3,790,000 psi, a coefficient of thermal
expansion of 0.000006, a density of 150 1lb/cu.ft, a specific heat of 0.23
btu/1b/°F, and a thermal conductivity of 0.81 btu/ft/hr/°F.

By taking advantage of symmetry of the structure, only a small portion of
the cross-section was used in the finite elemenﬁ idealization shown in Fig 48.
This idealization included 34 elements and 49 nodal points.

Three sets of input data were used as shown in Tables 7, 8, and 9. The
only change in the inputs appears on the transient boundary conditions for the
nodal points with specified external heat flow or nodal temperature (fifth
item of the second card). The first set of input data used the input option
of external heat flow intensity. The second set used the input option of
total solar radiation intensity in a day. In this case external heat flow
intensity is internally computed by the program for each time increment. The
third set of data used the option to input nodal temperatures for each time
increment. Details of interpreting the resulting thermal stresses will be
discussed later.

In preparing the input data it is advisable to use as many generation
options as possible to minimize the coding time and reduce the coding errors.

With regard to the convective boundary cards, care must be exercised in
specifying the correct boundary conditions. The element sides on the surface
of the bridge transfer heat by air motion and therefore are convective
boundaries. The effect of wind on the loss of heat by convection is included
and the film coefficient as previously discussed in Chapter 2.

The transient information cards define the heat flow conditions at the
nodal points with specified external heat flow or temperature. These cards

need to be input for each time increment.
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Fig 47. Typical cross-section of a concrete
slab and girder bridge.

Fig 48. Finite element idealization of
the bridge of Fig 47.
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The output obtained by executing the first set of input data (Table 7) on
the CDC 6600 at The University of Texas at Austin is contained in Tables 10
through 13. With regard to the second and third sets of input data, only the
portions of the output relating to nodal temperatures and stresses is listed
since the remaining output (except for the fifth and seventh items of the
control card) would be identical to the first set of input data. These
portions of output for the second and third sets of input data are contained
in Tables 14 through 15 and 16 through 17 respectively.

The tenth item of the control card specifies the time interval for print
of resulting nodal temperatures and stresses after each time step. If this
item is input to be 1, then calculated nodal temperatures and stresses are
printed at the end of each time step. If it is input to be 2, the print is
obtained for every other time step. The output nodal stresses have the same
units as the input modulus of elasticity. These stresses act on the cross-
section in the direction parallel to the longitudinal axis of the bridge,
i.e., normal to the cross-section. The sign conversion for stresses is (+)

for tension and (-) for compression.



TABLE 7

8AMPLE PROBLEM » TSAP » FTeBTU»FAHR«PS] » CODED B8Y

L] 34
1.0
1
8,81
1
9,0
3 4
?,5833
s 6
1,1667
2% 25
29,5833
26 28
20,8333
32 a7
90,9583
33 us
1,22918
34 a9
1,9
1 s
16 16
17 19
20 20
2y 22
1 .
1 .
19 28
20 2%
25 29
29 a7
4T a9
1,
289,
8s,
333,
89,
387,
%0,
LTI
92,
333,

1
1@,

16

- o -

PRI RN

@
e,s

L]

21
L]
26
e

2,9
2,23
2,75
2,78
2,78

2,2083
2,8

150,90

"}

e,5833
1.1667

09,8333
@,9583
1,22915%

[

1

A,YARGICOGLU

8,2
2,375

3790008,

2,375
2,375

2,01247
1,70883
1,7083

1,7083
1 6

?,209¢R06

TABLE 8

SAMPLE PROBLFM » TSAP « FT=8TU=FAHR=-PS1 « CODED BY
4 1

49 34 1 1e v
1.2 e, 2,5
1
2,81 2.81 2.2
1 2 19 1 6
8,2 2,18 2,25
3 4 2 1 6
?,5833 2,75 2,8333
5 6 23 1 6
1,1687 2,75 1.5
25 25 2%
#,5833 2,2083
26 28 29 3
90,8333 2,2083 1,5
32 47 32 3 0
2,9583 1,7083 1,3875
33 48 33 3 2
1,22915 1,7283 1,44375
3u 49 3u 3 2
1,5 1,7083 1,5
1 s 11 1 7
16 16 18 {25
17 19 17, 1 2%
2 28 20 129
21 22 33 129
1 6 1 2962,0
1 6 1 1,86
19 20 1 1,86
28 25 s 1,86
25 29 4 1,86
29 a7 3 1,86
47 a9 1 1,86
77,
8s,
89,
%0,
%2,
Ol.
98,
8ToP

(]

28
26
3@

7
2.9

2.23
2,75
2,75
2,75

2,2083

5,3

21
29

-].
15¢,@
e,e
2,5833

1,1667

20,8333
2,9583
1,22915

1.5

81T

AL YARGICOGLU

P,8 3790e00@, a,reeR06
2,375
2,375

2,375

2,01247
1,7083
1,7083

1,7283
1



TABLE 9

SAMELE PRNALEM w

ua
1.

STOP

1

THAR e

16

1

1,3675
4]

1,u4375

1,86

103,4
119,08
115,00

117,5

e

21
26
28
LT

S

2,2¢83
[
'
a,9

2n
22

27

1

25
21
29
28

w

B,A333
¥,9583
1,22915

1,5

FTahliek aMR=FS] % FGDED KY

i

A YARGLICAGLD

f,e 31oeere, P.AUArYe
2.37%

2,375

2,378

2,m1207
1,7483
1,7083

1,7083
1 6

TABLE 10

SArPLF

PRORLEN » TSAP o

FTeRTiaF AMR=PST & CODEDN RY A,YARGICOGLU

NUMBEM QF MNODAL POINTSes u9
NUMBER OF FLEMFATSewac 34
NUMBER 0F CONVECTINN RCw 16
NUMBFR OF ~ATERTALSme=== 1
NUMBER OF TnCREMFrTS ?
OUTPLU'T [*TEWVAl wemoavacn 1
TIME INMYERVAL= - 1,ve
INITIAL TEMPERATYURErewen 70,0
ABSORRTTVITY ,50
EMISSIVITY e
STYRESS OFTION 1
SPAN RATIO 1,18
THO NIXFNSTONAL FLANE RODY
L} KxXx XYy
1 8,1R0E=01 8,100E=-21 e,
N.P, MO, CPOE X
1 e o,
2 e 2,50R04eEedt
3 P 5,8330P0Emn1
u P 6,333u06Eme)
L] '} 1,166704E+08
6 4 1,507QQUE v
7 s o,
8 ] 2,500dVE=N]
9 ? $,833P00E01
L] 8 8,3330P¢E«01
11 B 1,166788E420
12 ] 1,500000E400
13 a 2.
14 [ 2,51PPRRE=2)
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APPENDIX 2. AN EXAMPLE PROBLEM FOR INPUT AND
OUTPUT FOR PROGRAM SHELLS

A two-span skewed slab bridge subjected to a quartic temperature gradient
through the thickness was selected to illustrate the required input and the
interpretation of output for program SHELL8. The concrete slab was assumed to
be isotropic with a modulus of elasticity of 4 X 106 psi and a Poisson's
ratio of 0.167. The finite element idealization which is depicted in Fig 49
included 24 elements and 36 nodal points.

Two sets of input data were used as shown in Table 18. The only
difference in the inputs appears on the second card (i.e., the value for ISIG
of Sec. 5.1 of Chapter 4). The first set of input data of Table 18 used the
option of ISIG = 1 to compute fiber stresses having the same units as that
of the input modulus of elasticity. The second set of input data of Table 18
used the option of ISIG = 0 to compute membrane stress and bending resultants
having the units of force and moment per unit length of mid-surface respec-
tively. Details of interpreting the output will be discussed later.

In preparing the input data it is advisable to use as many generation
options as possible to minimize the coding time and reduce coding errors. For
example, with regard to the nodal coordinate cards (the third card in each set
of input data of Table 18), Sec. 5.1 of the data input guide was used to
generate nodal point coordinates along the X-axis (Fig 49). Then, on the
fourth card, Sec. 5.6 was used to generate all the remaining nodal point
coordinates.

With these mesh generation options, the surface coordinates, gl
and g, , were set to coincide with the X and Y-axes respectively. Since the
support boundary constraints had directions other than the global ones
(Fig 49), the surface coordinates for the nodal points on the support lines
needed to be specified so that §2 is normal to the skewed support in order
to ensure zero rotation normal to that support. In order to be able to do

this, IFLAG of Sec. 4.2 was set to be 1.
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TABLE 18

SANPLE PROSLEMeSHELL 8 FAHR,PS] =« COOEQ AY A,YARGICOGLY
28 36 ta b b 1 1 L [ @ 1 4 i ¥ @

FN § ) 4 10,0 2,6 8.0 TN a,8 R
2 34 4 w3 57,735 109,98 2,8

1 [ i 8,5 @, 064825 8,0 o6, 866825 4,5 0,6
17 20 H 2,5 ?,646025 8,8 «0, 866025 6,5 2,8
33 38 1 u.5 B,86642% @,8 -2,8660825 @,5 a,8
1 5 6 2 3 8

1 40000, 0 1,0 0,167 8,167 #,0 2,0 @,028086 63,2
1 1 ° 1 H 18,9 18,0 18,9 18,0 a,8
[ S T 1

1 36 1 11U.b 84,8 71,7 71,5 82,3

5 1108088
29 A1p#ea

1 bd1810 4

17 vO101@ 29

-

33 de101@ 3I»
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17 2@ 1 @5 2,866225 9,8 ~b,864025 2,% 2,¢
33 36 1 2.5 2,8606825 0.4 -d, 860025 9,% 8.8
1 1 5 & 2 3 8

1 apdepen e 1,4 LY 2,167 g.8 9,2 2,040706 53,2
1 1 24 1 1 18,9 19,¢ 18,9 18,0 [ ]
% 36 1

H 3¢ 1 116,86 Bu,6 Ti.7 71,9 82,3

5 11lades
29 wpgvaa
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17 4g181a 24 )
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TABLE 19

SAMPLE PROALEM=SHELLBw FABR,PS] = CODED BY A,YARGICOGLU
NUMEL 28

NUFTS b1 ]

NUBPTS $4

1B ANDP
NOFRE
IFLAG
NUWAT
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NRED
IRECT
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IGEN
1816
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ITEXP
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- R e ) e KD e e O O
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1033 ¢ 1 @, R ",
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[ BT ,50088  ,A5683 ©,pP00@ =,86633 ,S@6pe ©,00000
17y 20 L5PEPe  (B66B3  2,0P00¢ 84603  So8Qe 2,000800
3 36 LSPEUA 86683 ¢,00000 -,86603 50200 ©,00000
@ =B wd "B, BACRY »B,F0RER =2,00000 =0,C0N07 «0,00002 «a,20000

DUFLICATION OF ELENENT NODAL PCINT SUMBER CARDS,
1 ? LY

DUPLICATION OF ELEMENT MATERIAL YABLE,
1 4,0R008E+38 1,0000RE+¥R 1, 87020E-B1 | ,467080Ea01 @, 2,

DUPLILATION OF ELEMENY PROPERYY CARDS,
28 i ] 1,80000E+B) 1 ,800EBE+R] |,80000F+0] 1,80808E401 B,

ELEXENT DISTYRIBUTED LOADY,
1 3¢ 1 -8, -d, -8, -2, -,

DUBLICATION OF NODAL POINT YEMPERATURES FOR CASE 1

1 1o190PBE+22 8,46000E+A) 7,170088eR) 7,15000£40) £,23000E 081
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3 X ¥

a, 2, e,
5,T7358E+81 §,00000E482 &,
$,1547PE402 2 aR@RLESB2 8,
1.73205E+82 3,02R0¢E482 R,
1,80000Ee82 B, e,
1,57735€4P2 | ,PUREPESD2
2,15472E+u2 2, ,0PPRRE«GR @,
2,7T3205E+82 3,PRU0REAR2 ¥,
2, PRPARESPD O, @,
i¢e 2,57735E402 1, 0RRPRENDZ
it 3,1547PE«D2 2,000CPES0R
12 3,732085E402 3,0000uEep2
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Fig 49. Two-span skewed slab bridge.
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On the ninth card, only one data card was required to generate all 24
elements' nodal point number by following the description of Sec. 4.5 for a
regular mesh. Again on the twelfth card, only one data card generated the
temperature distribution along the thickness of the bridge at 36 nodal points.

With regard to the boundary condition cards, Sec. 4.10, care must be
exercised in specifying the correct boundary conditions. Referring to Fig 49,
for nodal points 1, 2, 3, 4, 17, 18, 19, 20, 33, 34, 35, and 36, which were on
the top of the support, the vertical displacement, D3, and the rotation
about §2 ,» D5, are zero. With only these boundary restraints, the bridge
would be free to move in space as a rigid body. In order to fix the bridge in
space, the displacement in the §1~direction at nodal point 5 and the displace-
ments in both the gl- and gz-directions at nodal point 29 were arbitrarily set
to be zero.

The output obtained by executing the first set of input data of Table 18
on the CDC 6600 at The University of Texas at Austin is contained in Tables 19
through 30. With regard to the second set of input data of Table 18, only the
portion of the output relating to stress resultants is listed since the
remaining output (except for ISIG) would be.identical to the first set of
input data., This portion of output is contained in Tables 31 through 33.

Each section of input data is generally echo printed for check purposes
followed by a complete listing in tabular form. For example, in Table 19 one
line was used to echo print the input required to define nodal point
temperatures while the complete listing of nodal point temperatures is printed
in the lower portion of Table 20. All echo and complete listings are
contained 'in Tables 19 through 22.

Nodal point displacements are listed in Table 30. Element displacements
are listed in the lower portion of Tables 22 through 26. At each node six
displacements are given. They consist of three translations (D1, D2, D3) and
three rotations (D4, D5, D6). Both the translations and rotations are in
surface coordinates since IFIAG = 1 was used on the control card of
Sec. 4.2 in the data input guide.

As mentioned previously, there are two options available to the user in

program SHELL for printing out the stresses, i.e.,

(a) stress resultants (force and moment per unit length of
midsurface), ISIG = 0 , and

(b) stresses and principal stresses (force per unit area), ISIG = 1 .,
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TABLE 22
20 26 30
21 21 3
22 29 13
23 32 34
24 31 35

31
LY
34
35
36

27
28
32
31
32

1221244224

DUPLICATION OF INPUT

PT, 123456 LIM MOD D! D2 D3 D4
5 119008 B @ @, -8, -2, -d,
29 210000 P @ =0, -8, -a, -g,
1 @o1019 4 1 =0, -2, -8, -2,
17 ee1e1@ 28 1 =@, B, -2, -2,
33 egi01e 36 1 =@, -8, -2, -2,
BOUNDARY CONDITIONS OF POINTS MAVING SPECITIED DISPLS,
T,123 456 Dy D2 D4
5118000 =0, -8, -d, -p,
29 "1 0000 -0, -0, -8, -0,
1e01 o1 @ -2, -d, -2, -0,
200121 8 -0, -2, -8, -2,
300101 @ -2, -2, -0, .2,
“upe1 010 -2, -0, -2, -9,
17ee1@1 0 =0, -2, -2, -9,
18 2121 0 =8, -0, -8, -8,
19021910 -a, -2, -2, -8,
20001010 -0, -2, -2, -9,
3201010 -0, -0, -8, -9,
lupe1o1@ =0, -2, -y, -8,
32021010 -0, -4, -8, -8,
628101 ¢ -8, -8, -8, -8,
NUMBER OF NODES WITH SPRINGSS =@
NUMBER OF INDEPENDENT LOAD CABES "
NUMBER OF LOADED NODES FOR LCAD CASE | = @
NUMBER OF LOADED NODES FOR LOAD CASE 2 s =@
NUMBER OF LOADED NODES FOR LOAD CASE 3 5 @
NUMBER OF LOADED NODES FOR LOAD CASE 4 & B
NUMBER OF LOADED NODES FOR LOAD CASE S » =@
UNIFDRM VERTICAL LOAD s «@,
-0 =B
POINTS CONTAINED IN EGUIL,EGS,,RIGHT OF DIAGONAL,
€0,
ELEMENT 24
7.,459F=02  2,@85E«02  7,590E=02 1,5AUE=24
4,511E=04 @, 6,057€=02 =t,327€e02
6,173E=27 1,267E=83 1,77BE=26 .
7.,261€02 «6,32PE=@2 =1,861E=26 6, 69| E=@y
-5,586E=25 @, 8,261E=02  3,128E=A
4,383Ea02 «3,913E04 3,167E=du B,
ELEMENT 23

- e a e

]

- e e e

2

1,800E+01
1,8B0E+81
1,870E+21
1,800E+21
1,802E+21

2 4422

1,808E+@1
1,80QE+&1
1,80BE+01
1,8C0E+m1
1,8¢0E+8}

44224

1,800E+21
1,800E+21
1,802E+21
1,800E+21
1,8RE+R1

42244

BOUNDARY CONDITION CARDS,
D1,02 AND D3 ARE TRANSLATIONS IN BASE COORDINATES,
D4,05 AND Dé ARE ROTATIONS IN BASE COORDINATES,

1,800E401 0,0
1,800E401  u,@
1,802E+21 0,8
1,8006421  ©B,0
1,800E401 4,0

224421122

DS
-2,
-0,
.8,
-2,
2,

DS
-9,
-0,
-8,
0,
-9,
-8,
2,
-0,
-2,
-2,
-Q,
=0,
Q.
-2,

6,000E=B6
6,000E=b
6,800E=06
6,0PPE=0d6
6,UOUE=A6

1

Dé
-0,
-9,
-0,
-2,
-2,

06
-0,
-2,
-,
d,
-2,
nd,
@,
-0,
=@,
-p,
@,
-,
-2,
-@,

TABLE 23

6,850E=02
2,024E=04
2,978E=27

1,Pu3Ew@?

2,
1,358E=03

6,057E=02 «6,320F=02
4

1,778E-26
7.5°2E=02

ELEMENT

6,756E=02
i U62E=U
«2,539E-26
4,853F=82 -~
1,061E=25
6,689E=02

ELEMENT

6,417E»02
-1,426E=04
7,590E=02

B, P61E=02
31,167E=04
5,826E=02 =

ELEMENT

5,815E=02
.8, ,SU1E=0U
6,689E=02
7,459€02
4,511E=04
8,829E=42 =

ELEMENT

5,213Ee02
“4,271E-00
2,736E=a3
6,858E=02
?.UEUE-%U
5,347EaR2

ELEMENT

5,374E=R2
eb,156E=04
8,R29F=02 =
7,019€=02
1 ,419F «@dS
4,557E=rZ =

ELEMENT

4,772E=02

L]
1,50uF=04

22
4,506E=25

B.014E=0G
6.320E=02
e'

3.679E~0u

23

2,08SE=02
al
1,504E=04
3,128E-02
0'
7,319E=04

2@

{1, AU3E=R?
B

3,679EwR4
2,ABSE=R2

L]
2,025€=05

19
1,076E=14

9. 3u5E=a4
1. ru3Eed2
V‘.

3.619Ew04

18

2,285E=22
ml
2,P2SE=05
1,128E=02
“.
6,505F=n4

17

1,043E=p?

6,689F=02
4,853Ew02
1,461E=25
6,173E=27
T,459E=02
4,511E=04

2,736E-03
3,649E=02
.1, 101E=24
2,978E=27
6,858E=02
2,424E04

8,829E=02
T.459E=82
4,511E=04
4,383E=02
7T.,219Ead2
1,419E=45

5.347E=02
6,858E=02
2,424E=R4
7,59@E=02
6,417E=02
o1,426E=04

Y RTYI LY
6,256E=02
.4, 462604
6.6B9E=02
5,815Em02
=4 ,SUlE=HU

4,H63E=R2
6,417E=02
=1 ,426E=24
S,826E=02
5,976E=082
=2,379E=R4

6,597c-03

3,679EmR4

=6,320FeB2
6,
1,2676=83
2,¢B%E=02
a.

9,3U5E=p4

~6,320E-22
nl
1,358E=03
1,043Ee@2
G.

“2,Vl25E«05
2,085E=02
2,

*3,913F=04
3,120E=02
2,

3. 019F=u
1,¢U3Ea02

.
1,50uf=-Qu
2,0856-02
[}

1,159 «p3
4,576E=25
e,
3,679F =04
1,Vd3fk=02
@.

=2,562¢-85
2,¢85E-02
B!
«7.319F=pu
3,128E=02
”l

2,52PE=04

0¢1



TABLE 24

»4,87TE=84

*
5,34TEe82  3,619E=04
6,417E<82 2,085Ew02

1, 42684 B,
U, BE3E=02 =2,562Ew5

ELEMENT 16

4,170Ee02 1,421Eald
2,618Ew04 B,

wl ,U68EsB2 |,1S9E=23
5,8180=82 1,003E-02
w4, ,SO1E=@4 B,
8,597€=83  2,528E=04

ELEMENT 15

3,9726E=02
2,90UBE=26
4,863E~02
5,976E=@2
»2,379E=04
»1,513Ew28

.2, 709E82
2,
"2 ,562E-8%
3, 128Ee82
@

14
«8,379EwB4

ELEMENT 14

2,768E«82
2, 94BE=26
8,597E=03
5,3T4EeB2
=6,186Ee84
1,398E=26

w2, T09Ew02

BO
2,528€w04
2,085Ee82

2,
=3,897E-04

ELEMENT 13

1,560E=82
=2,833E=25
*5,537E=02
4,772E82
4,87 TE=R
1,398Em=26

w2, 789E=02
]

.
9,265E=04
1,0438ap2
2,
3,897E=24

ELEMENT 12

3.269E=02
4,B77E=R4a
1,398Ew26
5,176Ew02
2,P33E=25
w5, 53TE=02

2,885E=-82
2

«3,097E004
-2, 709E=82

ﬂ‘
G Z6SE-RY

ELEMENT 11

2,b87E=02
b,156E=0u
1,398E«2¢6

1,AU3EmD2
8.
3,097EwRu

5,815€-02
=y, ,501E=B4
B,829Ewi2
Se3TUE=G2
wt, 156E=B4

5, 537E=02
5,213E=02
wld ,27T1EmBY
S,34YE=22
4,772E«82
il ,BTTE=R4

1 +39BE=286
5,174E=82
=6,156E=04
4,557E-82
S, 17T6E=@2
2.233E=2%

1,398E=26
4,7TT2Ew@2
wit JRTTE=(G
4,863Ee02
3.972E=R2
2,940Ew2b

=] ,B11Ew20
4,170E=02
24,6)15Ew@4
8,597E=03
2,768E=02
w2, G40E=2b

8,597E=03
3,972E=082
2,942E=2¢6
=1 ,S11E=26
3,891E=022
=2 615E=B4L

4,863E-p2
2,THBE=D2
-2 ,GUPE=26

1,843E-82
4

2025205
2.285E=02
e,

9,265Ew84
1,876E1d
2,
3,619Ee0d
1,843E82
2,

~3,297EeBY
2,085Em02
2,

.b,505EwB

-2,709E«02
8,

3,897E=04

1,843€ea2

a,

=2,562E-0%5

=2,789€=02
2,

5,379E=B4
1,421E=td
2,
2,528E84
.2, TB9EwD2
e,

-2,520Ewpd
-2, T89E=R2
@,
«8,379Ewdl
3,128Ew82
e,

2,562E-05
-2, T@9E=B82
0,

TABLE 25
3,972E~=02 =2,729E=22
2,948E=28 @,
B,597E=R3 =2,520E=04
ELEMENT 1@
2,RESEma2 {,605E=14
2,379E=34 2,
=1, S11E=26 8,379€E=3¢
2oTHBE=P2 w2, TESE=B2
-2 ,SUBEw2S a,
4,863E=02 2,562E=BS
ELEMENT )
2,206E-02 2,P85EeD2
4,50 Fwdd N
B,S9TE=03 w2, 520EwBU
3,891E-82 3,128E=B2
*2,615E=Pu [
i, U6bE=B2 =1,159Ew@3
ELEMENT 8
{ ,6USE=02 1,B43Ed?
§ JU26EwQU .
4,B63E=0B2 2,562E=05
3,289E=02 2,9B5E=-B2
4,077E=04 2,
5,347E=02 =3,61%9Ee04
ELEMENT 7
1,PUBE=E2 1,133E=14
1 ,uiFEmBS 2,
4,557Tg=02 &6,585€«0838
2.,b8TE=22 {,843Ea082
6 ,156E=04 a,
8,829E w82 2,M25E=0%
ELEMENT [
1 ,2P4E=D2 2,085€E=d2
w2 HQUEwBH a,
5,347Ee02 =3, 619E=84
2, BUBEwDR 3,128E=02
4,271E=bu B,
2,TIE=RY  wG 3USEwRY
ELEMENT ]
6,719E=23 1,PU3E=n2
-i4,511E=04 2,
R, R29EaR2 2,025E-85
2, 2UGE=B2 2,#8SE~R2
4,5¢1f=iu ",

1,398E=26
3,289E-82
4,8TTE=B4

4,557E=02
1,564E=B2
.2,831E«25
1,398E=26
2,687E<02
6,156E=04

Se347EwB2
1,289F-02
4,877E=Bd
w5 ,537EmA2
Q4 BUBEl?
4,271Eed4

B,B29Ewd?
2,687E=82
b, 156EwBY
8,597Ew=83
2,206EwB?
4,581EB4

C,826E=B2
2,088S5E=P2
2,37T9E=D4
4, B63E@?
14645E=-02
1,426E=B4

6,689E=02
2,2Ub6EnB2
4,501E=0d
»ll  46bE=Q2
1,006EwB2
4, L62EwBY

7.590Ewi?
1,645E=82
1,626 wnt
5,347E=02
1, 2R4E=N2

«3,897EwBU
2,085Fw@g
2,

©,525Ew04
-2, TH9E=D2

*
3,097E=0
1,043EwB?
Ay

-3,619E=BY
2,885E#82

-9, 265884
3,128E-82
Q,

2,225Ea0%
1,843EeB2
e’
«2,520E%084
2,E85E.02
2,

7,319EwBU
1,605Ew1y
Q.
2,562E«05
1,843E«02
2,

©3,b79E=D4
2,085E=02
2,
-1,159E=03
3,128E=82
[

=1 ,5¢UE-BS
1,843E=82
a

.
~3,619EmB4
2,085E=82

T€1



132

Ll o ks A
- -

NOM MG MESIS PR O A8~ S
™ - e

Lol L N:"2-

184352%°5 2oe39in’1e
20+3510°6 2043509°2-
Ra+3950" 1= 2043L9L°€~
10436€1°EC 2243558°€~
10+3294°1 20+3SnE'fe
14+35n6°9 2p+3200°2w
1g+3128%L 20+43§98°E~
1243n22°%0  20+3622°K~
1o+3ian®2 Z2oe39np 2=
22430L0°E  EaeILL9" 1w
1843061°F ZP+3958"1e
1e+392a°r  2pe3dp2tee
Ta=3§9n"n  2ped2en’e
12439022 ZpedLfl’Ee
18+43n29°2 ZoeIpoi‘fe
A0+3021°C~ 20+3011°2»
1043466°6% 2043.82°C~
1843909° 1= 2p¢3(28° ¢~
1e+3591° g~ 20+3860°2=
28+38an° e 2043661°2~
1843400°9« 2@+3558 €~
12+3688°S 2ne3962°n=
B@+362Li°%2~ 29432002
1o43€48°C 2435922«
1843829°1 2043648° 1w
Ba+3119%1e 2a43n22°2x
10435n8"r  20+¢3s0L°2»
10+43121%% 2p+3vdite~
1043226°9 2a+3n59°ge
1043(59°L Eo+3bPL’E~
12432026 2@e3281°€-
1043¢89°L 20+d962°n=
20e3150°1 2a+3608° 1=
1243202°% 1= 2o+Iinn i~
2u+36L0" 1= Tp+3022°y

2B430nL" 1= 20+38i8°(=
Ze¢3anee’l 20+352n"Ke
Tge3928°L 2e+3tee’le
20+39€8° 1 20436422~
Zo+3gRt’l  Zpedzei‘ae
1B4319€'8 Z2043966° 1=
2243622°1 22435062«
284368.5%1  EZasIss1t2-
2e43454%1 20e3nn9’fe
23432141 2psALIn g
2043nE8° 1 20+3945°1=
ZR+39€6°1 2@A43I8BIn=
2043LT12°2 2@+366E°E=

22435291 1Iw3y02°e-

204396€°T= [lwj 922~

22+3592°2~ T1=3.92°2~
3Jqom

1243908°%T  1ledngg’ i~

PR+39L8°ne 11=388E" 1~

ZpedBRR® 2 Tie3eii’le
1e439L41%2 11=306E° 1=
20+3nbE* 1= T1-398E" I~
3408
2@e3BES I~ 11=3158"G~
20439291~ 1ie3158'g~
T@+3891°%te 1123155°%c=
20+3957° 1~ 1i=3155°5~"
20430920°¢€~ 11~3155 g~
300N
2243896°2= 11=3@n5’n~
2043959°2~ 11=3gni‘n-
2B43L91%2= 11=3@nitne
28434512« T1e3gngh~
28+3562%2= TI=3gng ne
340N
2e+3L0(" 2 213546°2
2e+32§2°%2~ Z1e38l6'2
BRa¢3VI§ 6~ TT=30L6°2
Ze3iES°2= 21e30i6°2
20+3586°€e 21%3846°2
3908
20436L0%§~ 1123291 ne
2o+ILNIE= 1123291 ne
2043LnL%2= 11=3291°%p=
2043166°2~ 1123291 pe
20432n9°K= 11=3291*pe
3JQ0N
Za+e3N9L%2e BI=3EGn" 1w
20435202~ al~3ESn°‘i~
20432L5%2= DIeILSN 1.
20439EL°2m PI=35SH "1
204355520 ple3Eentle
AN
2a4399E°~ T1=3914°€
2e+3568 = 1Im39T1L%¢
2B435L1%0m T1=391L°%¢
2e+392L%ne 11%391L°%¢
2pe3L65°%n» 112391L°C
ELELY
2ee3158 L~ 1im3£2L%S
20¢36€2°s= 11=3€2L°S
2e+3182'C= 11=312.%S
204398L°K= 11-3524°5
Za+dven®i= 11=3¢2L°S
300N
204340L°%2= 11~3821"5~
2B43L64%2= 11=3B21%Ge
2843LL1°€= 11e3g21"5»
2E+F6LR 2~ 11e3gT1%g
2pe3260" 2« 11=3921°5=
300N
H

2@+3728°2
2é4+38098°2
¢B+3205°2

2u+30825°2
2e+dnas’?
28+3885°2
224380852
2a+30086°2

2e43088°2
gee3dees"e
2p+3008°2
Zaedepse
2aeq206°0

2p+3008°2
2u+3045°2
284300572
234¢3285°2
22+3205°2

Za+3Bus"2
Zee3p0S°2
2ee3deose
Za+3pes’2
2o+3026°2

2o+3nes’?
qoeIvag’e
230052
22+3006°2
2es3005°2

Zeea@05°2
2a¢3e0s"2
2@8+30a5"2
28+3a05°2
2g+3e08°2

2Be3pest?
2a+3e05'2
2pedBas e
2e+dpuste
20+43005°2

ZRe3006°2
20e3005" 2
[ LELT I
2geapase
22430082

2+3005°2
2a+3mes°2
2a+3085'2
2e+3805°2
2a+3pas2

E4

1

28+30nste
2ue3puge
Zrsieag*?

Zza+30us"?
2es3geste
2asiaes"?
2as3ae8°2
Z@s3¢as’2

2aeddes*e
Zae3pes’e
2p+3088°2
28430052
2@+3e8s"2

28+39025°2
29+3805°2
20430852
20¢2005%2
2e+3ees*e

2a+300ste
£9+3008"2
2@+ 3008°2
2e¢3vaste
2avInes e

2@+ 30052
Zas3veste
2p+30885°2
2@+3p85°2
2né32858°2

2@+ 3085°2
2@+3006°2
20+3804"° 2
20+3206°2
Za+3de8°e

28+3006°2
22+ 3846°2
20430082
Za+3e05°2
2e+3806°2

go+3oas‘e
2e+3ves’e
23¢30988°2
2e+3005°'2
2es3ves’2

28+ 3085°2
29+3p08°2
2843206°2
2e+3easte
2Zas3ces’?

N

Tee3526° ¢~
Ne3gIRe=
2nedesety

Tas o8 e~
Tee325." 1=
Jo+3sne'an
Tae312a" L=
1243022 " ne

Taedinn @~
a@e3aLn L
TesdgEtge
fgedg2p o~
Tew3Eon " nm

tesaona’e
13¢3n2et2e
o@+3821°¢
1843i56°S
17e3939° L

1943591°5
2e+3ge’s
leediee’s
18+3688°5~
one3624°2

18436L8°E"
T@+3£29° 1
Ba+3119°1

1343¢ne -
1ae3121°6e

19432206 9=
Tae3L89°Le
Teedangt -
ICIF I LAY
Zas3I58" 1=

14+3282°¢
qeednLftt
2¢43AnL°3
28e3n8e’ i~
1243920° (=

20+ 3980° 1=
20+3€H1" 1~
1843195 9=
20+3622° 1=

2u439LS T

29+3.84°% 1~
284321L° 1~
2peInEstie
2e+3956° T
gaedsiete~

S

2a*3eLea= foe3202" 1
2043694 L~ 2v+1852° 0~
22¢3{n9%qe 2peIsnitge

Bl ‘0w iN3IW3N3
2043990 Lo f0+3i50° 1=
Z2ae3ale’l= foedifa’1n
20¢32E5° L fRralI92° 1~
2+31L5%9« fe+3E908° 1=
2043581 .= 2043920 6.

6 ‘On iNIW3T3
2p+de9i e 2ue3948%9~
2a+32nL'8e 243008 0=
2343655%9~ fat3dte’tl-
2043221"8= 23+3L5%6°8=
2243656° L 2043995 %Lm

2 *ON iniWiN3
2243142 L= 284308 8.
2e+3d115 L= 23036541
22+3962°%0= 2p+3Lin2° 9~
2a43LST L= 2843.52%0"
22+¢3165%9= 2pe3121 gw

I3 AT ESCE T ERE]
2843520 L~ 2303081 9.
2e+¢3912"ge 2pe32el’ee~
Zoedese’ L fae3250 1~
29%3611"9w 29434L8°Le
Ra+ 320 pw 2a+3TEn 9=

9 ‘on Laiw3T3
28+31E0 "9~ 2p+4361L" L=
20e3958% g ZpeRgo2°Le
2043061"8% 2043.99" L=
20438 L (= 2243n9n° Le
2043569 L~ 22¢30LL°9=

s *ON InIW3T3
20+4309L4°9~ 2043859 L
2043590° L= Z2edobN" L
2I+ILE2 L= 22O im
20+43611°9= 2843849 '¢~
20439259 2a+3a08" i

n *ON INEN3ITYE
28¢3.L96°0 2p+ALna‘tes
f3+43Ind0" 1o 20+3618°9~
2EeILEE Lw 20RO L
22+43686°9m 29+39§9°5~
Zesdnintes 2943918" 5=

£ *ON iN3W3T3
2e+39gi'gm Za+Ings’o-
2a+3ILZ2 g~ 20439L1°9~
2as3ginTg= 2a+3In21 "L~
20+300S L 2043629°9~
Zos 36528 22¢30¢0 (e~

2 ‘on IN4W3NA
RodINLL 9= 2243829" L~
20+3866°9~ 2843819° L
2R+ 39ER’oe 2243952 4~
2043622°%9= 28+3585 L~
2043518 L= 224329¢ g~

1 *On AN3W3ITZ

N N

39v3 QV0M #O4 [WOLLUB=dOL) B3883ulS LINIAINZ

L7 A9V

‘e
£0=3620°6
po=3nast e

‘e
$2~3985°%y
YL LA T

‘s
§0%3620°6
na=36L9°g

‘e
2e=3502°1
£8=3492% 1=

‘e
£8=30620%6
=o.umsm”o-

]
2em3580°2
£0=3855 1=

]
28=3893°1
s$8=3520°2

*o
ni=3€£1°%1
nee3Lie 't

LEEF T FRRR O
LB»3928°¢
2p*3065°L
LTLX FAE A 1
LE*3a9L°5~
(L LT AR L]

§2=3198" (=
2839981
28=3689°9
na=3115% ne
fe=3418°9
L2=3KL1°%9

92=3121°1
2p%3060°'¢
ge=395L%2
yp=3InZn’a=
2ge3ng2‘’1
LZ=38L6*2

LELY FR334 1
fee381e°9
2623020°%9
Gaedaintie
2a=itne’
2a=388¢"y

na=3ngnta~

£0=3.92° 1= (2=3EL1’S
‘s me=3tigtne
2e~3gne*l  fo*3nle’9
ne=3L16'E  28e208%°r
‘e G2=3995°S
£0»3620%6  @=FLT2'G~
H LN3Wd3
f@=3gSK° I=  (2e3BL6°2
‘e ege=3ngn'e~
2o=3482°2 2e=3neZ"l
oow3nd5 ie  2023085"L
Y 92ejeil’le
t2=3628°6 f0=392¢°9
2 JCECT RE]
n@e3nigter 92=3pE5°2e
e nae3Zon’y
20%3821°€  Z0=3908°1
no=3pL9°E~ Z2O%3609'9
‘e §Z=319g%1e
fe%ds2a*s  Zoe3vee'l
€ IUELERY]
nRwandsle 28e3965°4L
‘s nee3ezn’l
2ee3tne‘l  Ze~dsn9'i
nee3slE’s  20-3928'S
9 mBe3dL9l g~
$2e39a8"n LEe309L°%En
" INIA3I
PR=36L9"C~ 2a~3689°9
Q7 419Vl



TABLE 28

*F. 168E¢P?2 =B SSUE N2
=9, 3A0E+P2 =8 J4RE+02
ELEMFNT NO, 1f

~9 . ARTF4H2 =R TOTE+02
=1 IATE+PS =t ,SSHEeU2
*1,2%3F¢03 «8,984F+02
*1,153E+83 <9 371Ee02
=1 ISTESES B, T91E+n2
ELEMENT NO, 12

1, 120E+¢3 =7 SBTE¢e2
=1, 2TTE+?3 =9, 96UEeR2
“1,01¢EIN =T, THSE4D2
=1,153E+#3 +585E4022
=1 1TTESES T HIRE+ER
ELFMENT wp, 13

=1, A1AE+@3 <7 ,T65E402
=1 153Eed3 =6 SASE4K2
*1,12UECAY =T SRTE+02
“1,2776€403 «9,9a4dF 82
“1,1TTE+U3 =7,638E 402
ELEMENT ND, 14
“1,253E403 -8,9R8E¢€2
=1,153E403 «3TIEGE2
-9 ,8ATESB? =8,797€402
=1, 187E+@3 =B, 556E4P2
=1, 15TE«PY B T91Ee?2
FLEMENT nO, 1S
-1,2P2E+¢3 =8,978E402
=3,168E+P2 oA SSUE+A2
»8,149E402 =86, 6UTE4RQ
“9 ,B1BE4AY =T TO9E+V2
*9,366E402 =M 368E482
ELEMFNT NO, 18
~1,261E4@3 »7,532E402
=1 ,037E403 =T, 07AE+NA2
=9,02RE+P2 =7 ,185E402
=1 ,P63F¢¥3 =h 531E4R2
JUSTE+RS =
ELEMENT NO,
=1,A30F¢@3 =B 559E402
-8 ,8UBE+B2 =8, TU2E+P2
=7,3RBEeR2 «7 OS3E¢H2
=B8,957€+02 WJ22E402
=8, B70Eel2 =8,389F+02
ELEMENY kO, 1A
=B,20TE+02 =B ,296E402
a7,7592402 «7,111E+02
J121E+82 «5F1Ee2
A, 2STE+P2 =T ,15TE.02
8, W4TESE2 aT, 2TTE4D2
ELEWENT NO, 19

-y ,BI2E¢R3 =7 ,055€402
L1A2E402 =R, 216E482
=6 ,431FEeP2 «B,323Ee02
=7 ,RTTE4B2 =6,119E402
=8,1PBE+B2 =7 ,U25E402
ELFMENT NO, 2@
~T,66TE4P2 =8,190E422
=7,26BE+02 =R, B36E+R2
=6,773Ee02 =7 ,69SE+02
«7,4bUE4B2 =7,T85E402
=7,335€402 «P,131E¢402

-2,151€493
2,825E=01

=5,319E471
-5,381E491
“2,9PTE+R1

8,718E=01
«3,612E401

«8,37TE+R]

1,185E4¢1
«1,300E+R2
JOTTEeR2
=1,1P6Ee¢02

“1,3P4E 02
=1,6TTFel2
L3TTE@

1,1RSEeA]
*],106E+R2

-2,9MTE+R1
JT18E=01
5. 319EeR
=S5, 381E+U]
-3,612E¢01

-3,525E+01
-2,151E+B1
1,058E+02
-9,81SE+D0
2,825€=01

=6,945E+R)
LTS2E40)
-8,226E403
-7,821E+71
JI30Fert

-3,138F¢01
3 4T8Ee0Q
b, ,463E=0]
J026EeR
=2,40TFe0y

3,12¢E+00
-2,624E401
1,686E+01
S.957E+at
2,206E 021

6, 00TEv0L
1,088E+02
2,729E+70
=5 ,889E+71
S,165E+81

1,611E+0@
«1,823E¢01
=5,121E+P1
-4, BUSE+R]
=3 ,B8T3E¢0]

2,5¢rE+02
2,50AE+02

2,50AE+02
2,5UAE+R2
2.50nE+02
2,570F +02
2,5¢0E+02

2,500E+402
2,500E402
2,500E¢B2
2,500E+02
2,5A8E+02

2,500E+02
2,510Ee02
2,5006+082
2,500F¢02
2,58AE+02

2,502E+92
2,54E+82
2,50E+02
2,500E+02
2,500E402

2,5¢RE+@2
2,54PE+A2
2,500E 02
2,50PE B2
2,508E+02

2,500E+D2
2,500E482
2,500E402
2,50PE+02
2,542E+02

2,%00F¢22
2,500E+02
2,50A0E+82
2,54PE+3?2
2,500E+02

2,500€¢02
2,500E402
2,5¢0E+02
2,500E482
2,5aPE+02

2,9590E+02
2,SHOE v82
2,54AE+02
2,500E+02
2,500E+402

2,500E402
2,500E+02
2,%00E+082
2,500E+02
2,500E+02

2,50MEeR2
2,5090E 02

2,500E402
2,5P0E402
2,50PE+4n2
2,580E+02
2,500E+02

2,500EeR2
2,502E+02
2,5A0E4n2
2,500E402
2,50@Ev02

2,500E+02
2,500E402
2,500£402
2.,500E422
2,5PRE¢R2

2,50RE+R2
2.508E+02
2.,508E+P2
2,500E+02
2,502E+02

2,5PBE+D2
2,5P8Eep2
2,5¢BE«Q2
2,570 02
2,5W0EeP2

2,50RE4e2
2,500€¢02
2.5%0E+02
2,508E402
2.5¢0E+02

2.5%0¢€+02
2,500€+02
2,.500€+22
2,5v0E+P2
2.%00EvE2

2,500E402
2,300€402
2.592E+02
2,596E 482
2.59eE402

2.5PBE*e2
2.508E¢r2
2,5P0E+P2
2,500 e¥2
2,500E402

2.500F402
2,5@RE +02
2,5@0E+n2
2,5PRE+P2
2,508Ee22

-2,26TE=t1 =1,206E402
“2,267E=11 =1,809E442
NODE
=5,A54Ea11 =5,274E+01
-5,A56Ee11  1,455E402
-5,054E=11 2,128E402

=5,05dE=11 {,116E¢02
a5,05UEwll  1,15TFe02
NODE
=2,973E=11 T7,8ATE+O1
2,973E=11 2,362f402
=2,973E=11 =3,{8SE+01
«2,973E=11  1,11TEeR2
®2,973E=11 | ,354E+H2
0DE
=2,00TE=1) =3,185E¢@}
=2,M0TE=11 {,1)1TE+@2
“2,AOTE=11 7,88TEe¢]
»2,ACTE=11 2,36PE¢R2

=2,08TEe1]1 1,3Sdfed2
-4,088E=)1 2,120€+402
-4, 28AE=11 1,116E082

od AABE=1] 5,2T4Eed]
eU,PBBE~11 | ,4S5ER2
-4, ,888E=11 1,15TE+n2
NODE
=3,27RE=11 1,683E+02
L278E=1] «1,246E+82
«3,270E=11 =2,265€+02
«3,2TAE~t1 =], 396E+A2
«3,270kw§1 «],QU9E+02
NODE
«3,0UTEall 2,200E+82
=3,Q4TE=]] =l AT6E+RQ
«3,04TEe1] o] ,304E+B2
«3,04TE=11 2,1 TAE+P
=3,04TE~11 1,5486E+8]

NODE
i, B88En1Y =1,169E40]
»d ,BPB8E=11 =1,606E¢+02
3, A8BE=1l =3,A28E+02
WABBE=11 =) ,u58E¢02
w4, 0B8E=11 =1,538E+02
NODE
$,906Ee12 =2,16TE+92
S,9U6E=12 =2,656E+P2
5,94bEw12 =2,293E+82
S,946E=12 =2,|STE+22
5,946E=12 ~2,368E+02
NODE
®3 ,U93E=11 »9,566E+00
*3,093E=1] =2,232E002
«3,493Ee1] «3,983E002
=3,493Eu1] =2,53T7E+0A2
«3 ,U93Em]] =2,30TE+22
NOOE
2,378E=11 =2,TuTE+02
2,378E=11 =3,10TE+02
2,378E«1] =3,642Een2
2,378Eai1 =2,951E402
2,378E=11 =3,AT9E+R2

-], HOUE+02
=2,PdTESR2

=1,618E+82
a1,859E462
-] ,429E 492
PU3E+D2
23Ee02

=2,8027E¢02

“2,650E402
«3,829E402
-2, R2TE+Q2
LS85E+ 0]
2, TTTE @2

o1,U29E 482
s H
«1,818E002
a1 AS9E402
et 8236402

et,U36E482

NIL.XTH
oTOTE+R2
=2,645E402
«2,FUTEe02

=2,R82E+02
+3USE+v2

.2,PU8E+B2

*2,118E402

=3,257€+02
=3,137E+082

=3,355E¢02
+199Ee82
«2,792Ee02
-4, 296E002
*2,990E02

-2,224E.02
=1,579Ee02
-2,T20Ee02
«2,7@5E402
v2,283E402

2,151€¢9)
-2,025E-7)

5.319E+71
S, 381E4R)

2,9¢7E40)

8, T18E0]
3.612E40)

8,377E+0)
a1, 185E 401
1,3Pufem2
1,6TTEsR2
1.106Fev2

1,304ECR2
1,677Ee02
8,37TE+RL
=1, 1AS5F ¢+
1,108E402

2,927€+01
A, T1BE=P
S.319Ee¢1
5.381E+a1
3.612E¢01

3,525€+01
2,151E+81
-1,0S8E 042
9,015E+aH
-2,P25€=¢1

6,94SE+D1
1,752E+01
4,224F o1
7,021E001
3,339E+¢1

3,138€eR1
3,878E 008
4,463E-01
U,e20E4v
2,4eTtev)

«3,120EeP¢
2,624E401
=1,6R6E 01
©5,957E01
*2,206E00]

as,0ATFel]
.1, 0P8E4P2
.2,729E40¢
8, BAGE4AY
-5, 1856481

-1,611E402
1,823€+04
S.121E401
4, 8USFepy
3,873E¢01

TABLE 29

ELEMFNT NO, 21

=7, BU2ER2 =T ,233E402
w7 UIPF4H2 a7 VoSE+Q2
LBAUF e =8,526E402
=7,678E¢P2 <6,119E402
~7,657E4082 =b,76BE+B2
ELEMFNT N, 22

-7,239FeN2 =7,337€+02
LB19E+RA2 o1 ABAE+D3
=5,B1AF¢¥2 =9,014EeP2
=5,6R6F¢P2 =6,9B9E+02
-6,PUTE+R2 =H,96TE+Q2
ELFMENT NO, 23

wT,120E482 =R, U1BE+d2
“8,1T6E+92 «8,023E402
«7,000E+K2 =B ,259E402
=5,629E402 «7,509€+82
«6,54UE¢02 wB,136E4P2
ELEMENT NO, 24

=7,23AE+72 «b,834E442
«7,618E+402 «b,998E+02
-8 ,362E402 «7,2{8Ee82
~7,535E4P2 =b,225E+92
C62BE*@2 <8, TT{EeB2

PRINCIPAL STRESSES (TOP=BOYTOM) FOR

~5,242E401
.7,85TE¢0]
~1,051E+02
~7,683E+01
-6,922€+01

1, TUBE+B2
1,379E+02
-7, 026E+R1
«1,284E+02
1,282€401

«8,361E+01
«1,183E+02
~1,578E482
«1,229€4082
-1,036E482

=1,534€+082
=1,712E+82
-2,217E402
=1,936E+02
-1,757E+02

2,50¢E¢R2
2,58PE402
2,500€402
2,507E+82
2,520E+82

2,500E402
2,508E+402
2,508E402
2,508E+02
2,580E+02

2,500E402
2,500€+02
2,500€+02
2,500E+02
2,508€+02

2,500€+02
2,500€+02
2,50QE+02
2,500€+02
2,500E+02

2,500E+02
2,500€+02
2,500€+02
2,500E402
2,50@E+02

2,500E¢02
2,500E+@2
2,500E+22
2,520E402
2.500E+22

2.50aE+02
2,500E402
2,500E+02
2,508E+02
2,500€E+02

2,500E¢02
2,502E+02
2.502E+02
2.508E+02
2,50dE+02

LOAD CASE 1

NQDE
1,486Ee12 «2,572E402
“1,486Eal2 «2,925E402
] 486Em12 «2,535E402
»1,486Ea12 =2,736E402
1, UB6E=12 «2,760E4R2

NODE

6,615E=11 ®3 $T5E+82
6,615E=11 =4, 395E+02
6,615E~11 =4,59TE+A2
6,615E=11 =i, T28E+@2
6,615E=1] =4,368E402

NODE
1,561€wl1 a3,291E+02
1.561Ew11 =8,239E402
1,561E=1] =3,4RbE+R2
1,561Ew)y =»3,T86E¢02
1,561E=11 =3,851E+72

NOD
8,919Ee12 »3,177E402
8,919E=12 2,79TE+02
B,919E=12 =2,052E+02
8,919E=12 =2,879E+82
8,919Ew12 =2,7TATE+R2

«3, 1826402
=3,3u9E¢02
«3,6889E402
=l ,296E¢d2
«3,650E402

3,0T8E+0@2

U 228E 401
«1,001E402
=3,425€+@2
=, U4TE+@2

=l ,996E+82
~2,392E402
2,155€462
2,905E+02
«2,279E+82

=3,578E+@2
3, 41TE+02
»3,399€+02
w3,189E+@2
=3, 6UUE+BD

Se2u2E+P1
T,6S5TE+QL
1.051€402
T683E+@1
6,922E+01

«1,T00E402

WH26E+P1
1,284E402
=1,282E+01

8,361E4R)
1.183E402
1,578E+02
1,229€¢02
1,836E¢02

1,536E402
1,712E¢82
2,21TEeR2
1,936E4082
1.,75TE+@2

ELEM  5Max SHIN THax ANG SHAX SHIN THax ANG
1 =5,391E¢82 «9,A07E¢02 1,808E+02 3,813E«01 =1,42TE+¢02 =5,023E+82 1,808E+02 «5,183E+0)
2 -6,049E9W2 =B 65PE+32 1,301€¢02 6,357E¢01 «1,T64E+02 U, 368E+02 1,301E+02 =2,639E401
3 =5,041FeP2 ~A 9TIE402 1,d66E+02 =8,TUbE+Q] «),44iE+@2 =4, 373E+@2 1,066E+02 2,5@BE+00
4 «3B2E002 «B,028E482 8,229E¢+01 2,862E¢481 w2, 386E¢02 =4, 0326402 B8,229E+P] =b6,130E¢01
S =T, 178E402 =B, 2M8E+B2 5,552E+@1 6,T86E+21 =2,126E+82 =3,236E+02 5,552E+@1 =2,211F+0)
b6 =7, {UTE4P2 ~A 38SE+A2  6,192E40] =2,825EeR] «2,029F+02 »3,26TE+02 6,1592E+81 6,1T1E+81
T ©7,217E4€2 =A_18TE¢B2 4, dSUE4A] »],514Ee@8] =2,30TE+02 «3,198E4@2 4, US4E+A1 T, 4B83E.01
A =B, 273E4B2 «8,9T2E+02 3,U9TE+Q] 2,1THE+O] o] ,6U2E402 =2,142E402 3, 49TE+A] =6,823E401
9 =T,028E4A2 «1,P6RE+R3 1,T86F+02 5,385E¢P0 1,861E¢@] =3, 386E¢B2 1,T86E¢A2 =8, 45AE401
18 «8,36BE+P2 «9,386E+02 &,990E+8) «),162E=0] »1,849E¢02 =2,04TE+02 4,990E+Q] B8,98SE+B1
11 *8,TUSE+A2 =1 ,162€+03 1,436E+R2 7,28PE+2@ 1,203E+02 =1,669E482 ),U36E+02 =8,268E+01
12 =7,360Ee92 =1,205E¢83 2,343E¢22 1,0B8E¢0) 1,631E¢B2 «3,055E402 2,343E+A2 =7,588E+40)
13 =7,360EeR2 o1 ,2@5E+03 2,343E¢B2 1,4B2€¢P1 1,631E¢B2 =3,055EeB2 2,3U3E402 -7,588E+21
JTUSEeP2 =1,162E403 1,436EeB2 7,28RE400 1,203E402 =] ,669E+02 1,436E402 «8,26BE401
15 «R,368E+P2 =9,366E402 4,99BE+BY =),162Ew01 »1,009E402 =2,A4TE4d2 4,990E+@1 8,985E+01
16 =7,828E4¢2 =1, B6PE4DY 1,786E+B2 5,38SE+@R 1,861E+0) =3,386E¢02 1,7B6E+02 «8,U5RE0)
17 =8,273Ee02 ~8,9T2Een2 3,U97Een] 2,17dE+B) o1, H4U2E+02 =2, 1U2E+@2 3,U9TE+R| =5,823E401
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(A) Stress Resultants

At a typical point the output stress resultants are as
shown in Fig 50 and they are in the form of the two in-plane
axial forces (N1,N2), the in-plane shearing force (S), the two
bending moment components (M1,M2) and the twisting moment (M12).
Stress resultants are referenced to element coordinates (ﬂl, Tb,

and Tg). Positive directions are shown in Fig 50.
(B) Stresses and Principal Stresses

At a typical point the output stresses are shown in Fig 51
and are in the form of the two in-plane normal stresses (01,02),
and an in-plane shearing stress (v). These stresses are also
referenced to the element coordinates (ﬂl, Tb, and TE) with
positive directions shown in Fig 51, These stresses are printed
at the top (upper surface in the Tb direction), middle, and
bottom fiber of the element as shown in Tables 27, 28, and 29.
In the computer output, the symbols of N1, N2 and S are used
instead of 915 9 and ~v. Principal stresses are computed only
at the central interior node of the quadrilateral element and
printed as shown in Table 29. This orientation is given in
terms of the angle between the minimum stress and Th—direction,

as shown in Fig 52.

With regard to the first set of input data of Table 18 (ISIG = 1), output
stresses have the unit of forces per unit area. Two sets of stresses are
given., The first set (Tables 27, 28, and 29) represents stresses acting at
the top, middle, and bottom surfaces printed element by element. The second
set (lower portion of Table 29) represents principal stresses computed at the
centroid of each element at both the top and bottom surfaces.

Stress resultants in the computer output (Tables 31, 32, and 33) using
the second set of input data from Table 18 (ISIG = 0) are forces and moments
per unit length at the locations defined by the nodal point numbers since
ISIG = 0 was used on the control card (Sec. 4.2 in the input guide). Two sets
of stress resultants are given. The first set (Tables 31, 32, and 33) repre-
sents stress resultants printed element by element. Node O defines the location
at the centroid of the element. The second set (lower portion of Table 33)
represents the average value of nodal stress resultants. It should be noted

that they are referenced to surface coordinates (ﬂl and Tp).



136

et —— §
Mmi2 7 M2 2 S
—— - i Nl ——-— e -
) M2 7
I g 1
M2
Mi S‘ *
o} )
a) Qut-of-Plone Stresses b} in-Plane Siress
Fig 50, Positive direction of stress resultants.
i
T r
", T
| A e
n!
T

Fig 51. Positive direction of stresses.

maox

Fig 52. Positive direction of principal stresses.



137

21=35089°1
Bie3io2*e
21e3856°L
bA=3T6T"
IT=3489%9
atw3zart?
2T=3LL1'E
oi=dea‘2
Tie3gta’n
11¢3989°Gw
LR FATAE L
I35 LTT A 1]
pledgan’zs
Ble3fge n~
B1=3L86°5~
Bim3ensioe
Bleidslotse
Bi=3E26% 9w
Bledige 9=
Bledongtye
B1=3098° €~
gI=3229 9«
8l=3s59 L=
Biw3EL6°Ge
11=3595 6=
Ble=doni*ne
6038427 1=
6323669 1.
ple32ie’g
@leagas*2
alednntae=
602369L°%1e
A1=3689°9
l=dSen’g
t1e3158%s
Ble3if2 o=
$

IBVI QYOIYE3LYNIQE00D

] 21=3509°}

CR4ASNT G~ Ce+dAGn] Ew
043541 50 goeagn) g
(L LTS LI CLF [T A ag 1
£0+35nL 6o £04350] 6.
K@+3501 Ge EAIENT1 G
£a+35n1° G A+ASN1°Gm
£0¢39n1 5= £R¢3Sn1" g
[CLE T AR LI T L F [T ] &F T
£A*3ENT G ER+IGNT 5=
2436015~ ga+aSNT'Gn
£a+35n1°5= gR+agnt g
€o+3IENT"Ge CO*35n1 6m
£0436n1°G« C0+35n1*Ga
£A*ASNT Ge £043GNT°Gm
£3+ISN1 5= £R+ISNT ' 5n
£0+35n1°6e £A+ISHTS
£0435n1"ge €0435p1 5o
§8435n S LA+3ISNT1 G-
£2+36n1°G= 20351 Ge
£a+3601°G= £R435n1°Ge
§@+3501°5~ £243501"5e
£2+3501°Ge EReIENI ‘G-
£2+3Sn1°5= 843501 5
24351 'Se D+3ISNT Re
£e+IEVI* 5. CO43IGNT0Ge
£843501"S= CAIENI "5
£e+35n1°ge gB435P1"G-
€£843501°5e £B435N1°Ge
£a43Sn1°Se gA3SN] 5=
£243Sn1%Ge TB43Gn1 0"
£B4IGNT S5~ £BeISNT G
£o+3SP1 Se CBvISHT*Ga
£B*ISHI S~ COLIFNI ge
f2435nT1"Ge Fa+35h(%Ge
£@+35H1°6~ £o4IGN ] 5~
£@+35n17G= CALISNT Ge

2N

FCLF T RS 1)

0 PI=3629"1 Se+3sul'ge
9  @A1e3§P9°1  gasAGuliSe
G Q1%3509°1 gReaEN1 G
1 20e3609°T Ca+aSnt S~
300N

2 01%3606°2 £0435N1*Ge
1€ oi=3608'2 f8+35031°G=
50 81%3609°2 (@+dASH1’Se
g @te300e'2 f@easn1’Se
PE 21e3698'2 f0+35nI'Ge
00N

2 6@8=3161°1 £2+3SH1"'Se
5 6@eFI6I*T  £A3GNT &=
nf  4BeITHI*T  CReAGHT*Se

5 sBedlsl’y
62 68-3161"1

300N
4

LA+ ge
£a436n1'5-

(439,92 £ue3Gn]°Gm

32 11=39.9°2= £Re36n1 S~
L 11=39.9°2~ f@+35ni's~
1€ 11#3949%2« gae3sni’Se
12 11%39:9%2= go+3Sn1'Gm

in

£2+IEN1 "S-
£B+350T %G
£B+3571 %o
[ CLFTTASE T
[CTF 2 ST

€2+435n1'Ga
$a+IGRT Se
f+35nT e~
[ CTF I 204 1)
fe+isnl’ge

£A+35n1"ge
£2+35n1°5a
£B43501"Ge
£a+35n1°6~
feeEnI’ge

£243§n1° 5w
£04+3Sn1°5a
fae3anl"ge
£o+35nT %G
CP+AGNT 5w

nue3Le1 e
fae32ept e~
EBealogtsm
fde39nn* L

E843992 5o
I ELET ST Ag 4
£0432.8°€~
gaeagenty

€A+3519% 1=
0+322L° 1"
fa+3065° [~
fas3ent’y

fa+3590’n

£243R16 (=
£o+3len’2=
fee3Zon’ge
£243€9L°C~
€A+ISEN L=
£2438En° 1~
£043€9.°C
£0432¢n"9e
fe+3tence=
£0+42015" 1e
£04359n°y

fas3601°1

£943865° 1~
£04322L" 1~
£043619° 1=
fes3ver’y

fa+32ip K
£a+aNSn Gm
£2+3999 g«
£R+3900° L

fo¢dla0"§m
£o+3290° 9=
PEeILL1 (-

Ein

[ CLF LAY
(T2 11T L]
ndedisltim
foedowz’ o=
f2+3282°%0~

fo+3568°S~
f0+3§59°9"
£643325°¢~-
fa+3spL’9=
f0¢3815°n=

20+3526°9
fae3dSEe 9=
§Q+ANBLTE
gaedgnn’
fe+Fnet"s

£2+395L €~
fuedontne
£8+39L9" 8~
LT S T
[CEFAS 1 4

na*Ileg " I= nrps3825°2= 9¢
n3+32€1" 2« need296° 1 gf
ne*322L°2~ me+3152° e ng
n@+3598°C+ nyedge2' = §g
ng+356n " 1= ppéagL1t2- 2%
n@vEZre"i= potinigtle 1€
n@*r368n ‘2= par3168" 1 A%
ne¢I2IT 2= neerI9LL T~ b2
vatdngn’le pEe3g2°es 92
n@+3N98°2= noe3f2te~ L2
natdnea’e~ yaeiglgte 92
nO*3L28° T~ nptIlps°La ST
na+380L 1> peeI2np’E= 2
n8+3115°2= nge36as ‘e 2
ne+IeLL g~ naeiLoL~ 22
ne43nZeti= pA*3ZL5 . 12
n@*3.02%2« pardgil%E B2
na+3RK6 2~ rReIngetoe &1
na+38L6 2= vae3ngyin- g1
na+3La2 2~ naedfLitEs o}
na+3n2g° 1= npeI2EStn= 91
nR4F6EL "2 nBeIiRe L. §I
BBITLE 2= vpeaRReTEm pl
0¢3I20L" Is potERonte= ¢1
ne+3.i2q 1= meeding’i- 21
PEeInsR e yR+ISIS A 11
po+3E9P "2~ patIf2itEe B
noedvnntle noe3Iei2'2e o

pR+AZI2 2~ npedA9L1tE= @

natIOON° L WO43T86" 1. L

na+32ne’le no+dolie’te ¢

naeIASEN " 1w na+3SL1'2e §

nge3699° g ngsIige’i v

nR+IR2L 2 npeRIs2 s ¢

nRATET 27 nR+RTL I 2

ret3109°' 1l natdgag 2=~ 1

W 2W  BGON

F3VAENEF L S ANTLINGAN BT HLE TVAON gInvERAY

PB*R6F9 1= 0pe2C1 2=
nBedAniEtle o200 2"
n3+3189° 1= pR+3825" 2~
ro+3Itnl’le ne+3921 e
ra+anaL = pe+i12e’le

P2 'ON ANIWINZ
72+350n 2= nEeIlRS 1~
r3+3990° 2= nPeITLS 1~
neeITLntee vpeIlol’ )=
pRtISNE 2 p+IinC I
n@r3955°2~ potiesa’l

£ 'ON LNIW33
n@¢ISSe°Z2e pReIRLR I
P2+3ILRL" 1" DAILIP T
@+ 3962° 5= pReInE1in
nP*AE9RTE. PREILIT (-
no+3nis®le npeIZTe" i

22 “On ININETI
nR+AERe" 1= npegnnite
LTRSS OO PLTI4 58 28
na+ILEE 1~ meegeYR i
PR+IRZ Te NPHILS0° 2=
pR+3u16°1= nped/n2'2=

tz  ‘on iN3IN3NF

£¢ HTIVL

2 Bi=3le’e
L2 ei=31§d*n
1€ eie=3te2's
28 wie~3lee's
92 B1=3182°'ep

2 plejdgu2*o=
92 @1=3eQ’em
PE B1=3992°9y=
b2 2l=ig92’ 9.
52 @leagee’oe
300N

2 @lejeie’l
72 @ai=32.i0°%
82 ote3pie’l
L2 etl=3pie8°1
£2 atl=3eie‘y
0N

8 21=3858°L~
£2 01=395€°L"
iz el=3gsEiys
52 @l=395¢'Le
22 ol=i985'i-
300

2 al=3ggr'se
22 Qle=aggn’ge
92 dle3sen*se
$2 2l=35gn'sm
12 @l=igen’se
00N

2  Bi=ivng’s.
22 BI=398¢°Ge
B2 BIvAOPESe
£2 8i1=39p§’ee
sl Bile=39ge’se

P Bledasitie
&1 B1e3asgti-
2 2im3sttis
z Bledest’
#1 aledege’L-

8 Ate3lietes
91 dt=32i9tgm
22 Al=3Z1e°Ce
12 @el=3219'gCs
i1 Bl=3219°¢~

§  dleilsss-
1M AIeRIsE’Se
B2 BledIsRse
61 AI=FlgE’s~
1 ofej3iRe’ge
300N

B 21=3i6d"pe
1 otedisn’e-
61 Bl=3l62°s=
81 @leilee’e=
ol 2le3lod’b=
200N

[} 81=3882 n=
#t pi=3290°n=

fa+iSnT G
£a+38017ge
Cer3gnita=
Lee3snitge
f@+35n1 5.

£B+35n1° 5~
fees3Sn1 g~
fa+38n1°G=
£2+3sn1 s~
£2+35n1°g=

£@+3Sn1 g
fe+35n1°8~
fa+3gnttg-
£d+3501°5~
[TEFII AT

£o+35n1’ g
£0+3501°ge
£3+3801° 5
£2+35n1° G
£2+3501 g

£0+36n1° G
£0+35n1°g=
£2435n1°Ge
£a435n1" 5~
fa+agnt s

£0+35n1 5.
[ CRY IY 881
£ee38n1 6.
£9+35n1°6e
£R+3Gn1 "5~

Ce+IENT 5.
£0+3601 5
CLF T LA
843501 g
£2+3501° 5

[C25 13058 T
(LTINS
£2+35N1 "5m
£R+3501 G
[ CLF 12 A 1]

£ae3snitge
£8+3501 5>
£843%n1°G=
LFT1I T
[T LA

£B+IENT 6"
£8+3501° S
£o+3501° 5.
go+3sni’g-
(12132841

Le+aSnithe
go+3gnitae

£243501 %5
£043501°Ge
S@a+3501°Ge
£o+3501°5-
5243501 8-

343501 °ge
§e435n1°G=
243501 g
2435016~
£243591°5=

£0+35n1° g
fa+36n It gw
TSI
[ CXF 1A 1]
£0+3501'5~

$B43601 6w
243501 5.
£2+3501°5.
£0435n1'ge
£0+35n 1 gm

B+isn 1 g
£8+36017%Gm
£o+3Sn1'gs
£04350 1 Ge
£a¢asnttem

o431 Ge
£a4a5n1 G-
CpeRErito.
[CLF TS U
£0435n1'ge

£a+a5EN1 S~
LTI L A0S T
£8+3591° G«
fasignt'ge
£0+3501 5e

£pedsnttse
f0+¢35n1°Gn
£343501 G-
£2+isrl s
¢80 5a

L8+3501° g
£Be3501 g
£2+435n1 "S-
£B+ASN1 5
2435015

L4257 1 5.
fa+dsnl's-
fB+35n1° 5
£B435n1'Gm
£2+35n1°5~

£R+EN1 G-
£o+35n1°gm

fa+3jpe’e-
£043419°2=
£04399.°2~
2043508 ° e
1a+3i069'8

fo+3004°2
fe+3pei g
2e+3ninty
£0+43109°%
fa+3un2*g

fa+g12°1
fer3Lte’s
Za+3501e
£243LTn" 1
Tarase9y

£0+3805° 1>
CRegnilt2e
1843010 2=
20+39.0° 1=
fas3nee’ e

CEeifoe’ie
Le+3Tel En
faeatgetan
2p+At9v e
£0+385.°S~

ta+inse’t
20+ 3998 n=
SoedfiL’s
0+3291° 1=
fe+3noe‘te

£a+3156° T
f@+39086" 2=
f0+3240°2-
tae3nel’n
£o+2p045" 1=

£8430i6°5"
2o+3i6L’9
£o+2025° e
£2+3550° 6
fe+ae02" L=

Se+anis’ge
fe+agse e
f@+3ene 'L~
Ze+dLog’e
£8¢3028° e

£2+2166" 1=
te+ggel'y

[CIF IR
£243926°2%
fe+3248° 2.

tesgvee’l
£o+3291 1.

n@eICAn 2= ng+3nl6° 1w
n@+3nLl*Ze noedgra’es
PO+IRTI" 2= np+3049°
na+IngL 2= no+iile’tm
nR+3SEN 2 npeILHI 2~

82  'On IniwdTd
ne+322B 2= notdlei 2.
nB+3LIE 1= no+3992 2w
1@+3LDS 2= DR+ISHY’ Im
LELF T TR LR S A L
n@+ds29°’le nP+3505° €

6l ‘ON INAW3T3
LILF LTSRN T LY 111 A2
PR+ILLR Ve vO4IY N 2=
hRe32LG Im nR+IGHE" 2w
r@+ILER 1= ppe32e2" 2.
LELFICY A LI TTH TT L A T

93 *ON INIW3IT3
no+A205° 2 B2+3900° 2
2a+dnbE 2o vaedangtan
PR+2LR5 2~ vR42100 T
e+ IEEL42" PR+ILIL 2
n@+InEat2m neICL6 (e

41 'ON IN3W3ITZ
pA+RSTR 1= pReABLCe
va+IBNS"i= ppeInSL En
nB+3E48°{= na+Angg’ e
re+3ofe’ i~ ve+iglotge
LI EEF AR DR T P A

1 ‘ON IN3W3T3
PEtATER 2~ paedain’i~
P@+3822°2= naedles 2=
B43289°% 1= BR4EIn‘2=
PBeIVL9° 2= pe+If96°2=
na+I19° 2= npe3zes'n=

1 ‘On iN3IW3T3
h3+IB9.°2= na+a192 n=
ne+3LL9 2" pRe3220'w
20435942 7243251 5~
R+ANLB°C NR+EAE2 e
nR+3599°2~ pR+AIRL -

#y ON inIw3E
02*ALE1°2° wPp*Ig9Etne
LELF YIS CI I T TR T
nE+3IB1T1°2 nRe3290 0
LELFTLI AR A T3 PR€ A T
A+ AVBE° 2 vR+ATIN K-

€1 *ON inN3W3l3
PR*ALEI T nReIRIL  ne
nB+A69S° 1o bpedefdhe
na+3902" e ho4AnIn’Ee
PRILHL L NR¢ILIs e
ve+dntltee 9+A2g2 ne

23 ON ANIWIYI
ne+I09.%2= 04192 ye
BRICLR L v@edaER ne
PO+ASIB R pEIATRL v
NR4ILEO 2 np+I2EN"na
BRAICIL 2 1R+RIGE

11 ‘ON AN3W31E
nR+3I VK8 2= ne+i0iD’ S~
LELEEACAR- LI FRA TR TS 18

Z¢ HT19VL



138

The relationships between stress resultants, stresses and principal

stresses are demonstrated by an example problem in Appendix 1 of Ref 25.



APPENDIX 3






AN IV G LEVEL 21

[z XzXsKal

[o

[ETTTL

[o

oMma

TSAP2 DATE = 77115

PROGRAM TSAP % INPUT,OUTPUT ,TAPESHINPUT T APE6#OUTPUT L
TRANSIENT TEMPERATURE AND STRESS IN HIGHWAY BRIODGE

2-D TEMPERATURE DISTRIBUTION

1-D TEMPERATURE INDUCED STRESS

IMPLICIT REAL®8 ( A-H, 0-2 )

COMMON/XY/ X{400),Y(400) ,1Q(4,300),NTYPEI300)},EM{5)1,AL(5),AR{300),
. NOSP1400)

COMMON/SS/ NUMNP ,MBAND,A(400,20) ,TP(400)

DIMENSION

T(400) ,8(400) 4D(400) yHED(12) ,LM(5), IX(3)},E(3+3),P(5),515,5)
+DD(5S) , XCOND(5) yYCOND(5) «XYCOND(5),SPHT(5),0DENS{5),QX(5),
KX{4) 4EE(3,3) 4XVAL{20),TREAD(400) ,CGY (300),CGX(300),
NHT(200) 4BE(400) ,1C(201)4JC(201) 4CL(201),HHI{201])
EE/2¢43%1.42.¢3%1.,2./+ MDIM/ 20/ ,KAT/0O/

DSTOP /4HSTOP/

DA TA
DA TA

READ AND PRINT OF CONTROL INFORMATION

50 READ (5,1100) HED
IF( HED(1).EQ.DSTOP) STOP
READ(5,5001) NUMNP, NUMEL yNUMMAT 4 NUMCBC ,KODE
1 NHPY 4NDToI SIG,IFLAG,INTER

5001 FORMAT(1S5I5)

READ(5,5002) DT,TO,ABS,EMIS,RL

5002 FORMAT(B8F10.0)

WRITE (6+,2000) HED,NUMNP,NUMEL ¢ NUMCBC+» NUMMAT ,NOT ¢ INTER, DT, TO
. +ABS,EMIS,ISIG,RL

NDT = —-NDT
IBCA=0

IF (NDT.LT.O)
NDT=1ABS(NDT)
IF (DT.EQ.0.0! DT=1.E+20

(F (KAT.EQ.O0) WRITE (6,2011)
IF (KAT.NE.O) WRITE (6,2010)

18CA=1

eee READ MATERIAL PROPERT(ES

DO 1 N=1,NUMMAT
READ(5,5001) M
1 READ(5,5002) XCOND(M),YCONO{M),XYCOND(M),SPHT (M),
1 DENS(M) +QX(M) JEM(H) AL (M)
WRITE (6,2009) (M, XCONO(M),YCOND(M) ,XYCOND(M),SPHT (M), DENS(M]),
1QX(M),EM(M) ,AL(M), M=1, NUMMAT)

C
CeeeeINITIALIZE EXTERNAL TEMP VECTOR T

c

DO 2 I=1,NUMNP

TREAD(1)=0.0

2 T(11=0.0

c
CrutnR READ OR GENERATE NODAL POINT INFORMATION
c

IF(KAT.EQ.O) WRITE (6,2001)

IF(KAT.NE.O) WRITE (6,2008)

6 READ(5,5001)
READ(5,5002)

T +Js KeNINCX 4NINCY
XCL) o YAT) o X0 ,Y (J) o X (KD ,Y (K)

38/26/05
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21 TSAPZ OATE = 77115
IF (J.EQ.I
IF (J.EQ.I)

XINC =1
IF {J.NE.I) XINC = (J-I1)/NINCX

xJ = I{X{(J)=X{1)) /XINC

YJ = (Y())=Y(I)) /XINC
IF {K.EQ.I) GOTO 13
1K K-1

YINC (K-T)/NINCY

XK {X(K)=X(T))/YINC

YK CY(K)-Y(I})/YINC

-AND. K.EQ.I)
NINCX =1

GOTO 3

oo

13 CONTINUE

20

DO 12 1T = I +J,NINCX
XN = (II-T)/NINCX
X(IT) = XUI)Y+XN*X)
YOIL) = YLI)+XN*Y)
IF (K.EQ.I) GOTO I2
[L+NINCY
I1+1K
00 20 JJ = L+K4NINCY
YN = (JJI-TI)/NINCY
X(JJ) = XCTI)+YN*XK
Y(JJ) = YOIT)+YN*YK

non

L
K

12 CONTINUE

3

16

9

82

83
81
99

84

1

IF (1.EQ.NUMNP.OR. J.EG.NUMNP.OR.K.EQ.NUMNP) GOTQ 16
GOTO 6
CONTINUE
READ OR GENERATE ELEMENT PROPERTIES
READ(5+5001) [ +JyKNTYPELI} »(IQ(N,I}yN=1,4),
INCX,INCY,NODX ,NODY
IF [J.EQ.I .AND. K.EQ.I) GOTO 99
NK = K-1
IF {INCX.EQ.0) INCX =1
DO Bl Il = 1,J,INCX
NTYPE(IT) = NTYPE(I)
1J = (II-1)/INCX
00 B2 N = 1,4
IQIN,IT) =
[F (K.EQ.I)
IK = TT+INCY
K = [T#NK
00 83 JJ = TK.K,INCY
NTYPE{JJ) =NTYPE(I)
1) = (JJ-TT)/INCY
D0 83 N = 1,4
IQIN,JJ) =
CONTINUE
IF {1.EQ.NUMEL.OR. J.EQ.NUMEL.OR.K.EQ.NUMEL) GOTQ 84
GOTO 9
CONTINUE

TQUN,1)+1J*NODX
GOT0 81

TQ{N,II)+I J*NODY

READ OR GENERATE SPECIFIED HEAT OR TEMPERATURE

ICOUNT=0
READ(S5,5003) 1,J+INC,TR,TAM,TPM,TST
FORMAT{315,5X,5F1 0.0)

0B/26/05
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[sNaXel

CHxxnn

C

34
35

32
33

11

n

350
35t

353
352

110

125

21 TSAP2 DATE = 717115 08726705
IF ( TAM.LE.O. ) GOTO 32
IF ( TST.LT.TAM OR. TST.GT.TPM } GOTO 34
CALL SOLAR ( TAM,TPM,TST,TR,SR )

G010 35

SR = 0.0

CONTINWE

TREAD(I) = SR

GOTO 33

TREAD(I) = TR

CONTINUE

IF(INC.LE.O) INC=1
IF{J.LE.O) J=I
DO 11 II=[,J,INC
ICOUNT=ICOUNT+1
NHTUICOUNT)=I1
TREAD(IT)=TREADII)
IFCICOUNT .LT. NHP1) GO TO 7
DO S L=1,NUMNP
WRITE(6,2002)
IF(XODE.GT.0)
NHPLIM = NHP1-1
DO 350 I = 1,NHPLM

J = NHT(I)
K = NHT(I+1)
Xd = X(K)-x(J)

Yd = Y(K¥-Y(J)
XL=DSQRT( XJ*XJ+YJ*YJ)

IF { KAT.NE.O ) XL = XL*{X{J)+X(K))*0.5
T(J) = TREAD(J) #XL*0.5*ABS + T(J)

T(K) = TREAD(K) *XL*0.5%ABS + T(K)
CONTINUE
GOTO 352
CONTINUE

DO 353 1T = 1+NUMNP
T(1) = TREAD(I)
CONTINUE

L+KODE+X{L),Y(L),TREAD(L)}
GOTO 351

INITIALIZE VECTORS AND MATRICES

D0 110 I=1,NUMNP
B(1)=0.0
TP(I)}=T0
D(1)=0.0

DO 110 J=1,MDIM
Al1,J)=0.0
MBAND=0

FORM CONDW TIVITY AND HEAT CAPACITY MATRICES FOR COMPLETE BODY

WRITE (6,2003)

DO 200 N=1,NUMEL

D0 125 I=1,4

LMIT)=1Q(1,N)

MTYPE=NTYPE(N)

CONDI=XCDND( MTYPE)

CONDJ=YCOND(MTYPE)

CONDK=XYCOND (MTYPE)

WRITE (6,2004) N,LMIL) ,LM(2) ,LM(3),LM(4) MTYPE

AN IV G LEVEL 21

C

Caexan

c

C

150

135

TSAP2 DATE = 77115 08/26/05

DO 150 I=1,5

P(I1)=0.0

DD(1)=0.0

DO 150 J=1,5

StI+J})=0.0

I=LM(1}

J=LM( 2)

K=LM(3)

L=LM(4)

LMi{S)=1

XX=0XCI I+ X I+ X{K)+X(L)) /4.

YY={YUIY+Y{J)+Y(K)AY(L)) /4.
AR(N) = 0.0

FORM QUADRILATERAL HEAT CAPACITY AND CONDUCTIVITY MATRICES

DO 152 K=1,4

I=LM(K)
J=LM(K+1)
IF (I-J) 135,152,135
AJ=X{I)-XLT)
AK=XX=-X(1)
BJ=Y(JI-Y(1)
BK=YY-Y( T}
C=BJ-BK
DX=AK-AJ
xMuUL=1.0
IF (KAT.NE.O)
LXMUL=XMUL*( X(T )+ XTJY+XX) /3.0
XLAM=AJ*BK—-AK*BJ

AR(N) = AR(N)+0.5%XLAM
COMM=, 5%XMUL /XLAM
QQ=XLAM*XMUL*QX{MTYPE) /4.0
QSTORE=XLAM®XMUL*SPHT{MTYPE) *DENS(MTYPE)/4.0

Cx*xx%x% FORM CONDW TIVITY TENSOR FOR ANISOTROPIC BODIES

C

140
145

E(1,1)=C*C*CONDI+DX*DX*COND J+2, *C*DX *CONDK
E(1,2)=C*BK*CONDT-DX*AK*CONDJ+CONDK* [ DX *BK—C*AK )
E(1+3)=—C*BJ*CONDI+DX*AJ*CONDJ+CONDK*{C*AJ-DX*BJ}
E(2,1)=El1,2}
E(2,2)=BK*BK*CONDI + AK*AK*COND J~2 . *AK*BK*CONDK
E(2y3)=-BK*BJ*CONDI-AJ*AK*CONDJ+CONDK* ( AJ* BK+BJ*AK)
E(3,1)=E(1,3)

E(3,2)=€E(2,3)
E(3,3)=8J*BJ*CONDI+AJ*AJXCONDJ—2 . *AJ*BJ*CONDK
IXt1)=K

IX(2)=K+1

IF (K-4) 145,140,145

IX(21=1

1X(3)=5

DO 151 I=1,3

Ir=1xen)

P{ITI=PLIT)+QQ

DDUIT)=DD(TI)+QSTDRE

DO 151 J=1,3

JI=1xt N

151 SUTLsJI)I=SUTIT yJJI+ELT,J) *COMM

A
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152 CONTINUE

Crnnsx ELIMINATE CENTER NODAL POINT

C

C

DB 143 I=1,4
DO 143 J=1,4
143 S{T¢J}=SUT+J)=SII45)%5{J,5)/S5(5,5)

Crrsnk ADD ELEMENT MATRICES TO COMPLETE MATRICES

c

[aNalel

[aXaNelal

[aEaNal

DO 175 L=1,4
I=LM(L}
BLIF¥=B{I)+P(L)
D(I)=D(I)+DDIL}
DO 175 M=1,4
J=LM(M)-T+1
IF{MBAND-J) 1604+165,165
160 MBAND=J
165 IF(J} 175,175,170
170 AUTJb=ALT+J)+SIL M)
175 CONTINUE
200 CONTINUE
IF ( ISIG.LE.O ) GOTO 201

e-e COMPUTE CENTER OF GRAVITY AND MOMENT OF INERTIA

AREA X
AREAY
AREA
XI

I

2.0
0.0
0.0
2.0
0.0
N 1 NUMEL
IQ(1+N}
1Q(2,N}
1Q{3,N}
1Q{44N)
MTYPE = NTYPE(N}
EAY= EM(MTYPE}
AJd = XUJ)-X{I)
AK = X{J)-Xi{K)
BJ = v{J)-Y{I)
BK = YIK}-Y(J)
A = AREA+AR(N) *EAY

(=3
Q
N
N
wonodtodon

[l S S
non o H

«se COMPUTE ELEMENT MOMENT OF INERTIA ABOUT X-AXIS
eee ASSUME SIDES PARALLEL TO THE AXES

IF [T.EQ.L ) CGY(N} = (Y{I)+Y{)+YIK))/3.
[F TTJNEJL ) CGY(N) = D.25%(YUL}I+Y (JI+Y(K)+Y(L)}

AREA X= AREAX+AR(N)*EAY*CGY (N}
IF { T.NE.L } XI = XI+(AJ*BK*%*3,)/12.%EAY
IF { T1.EQ.L .AND. AJJNE.D. ) XI = XI+{AJ*BK**3,.)/36.%EAY
IF ( 1.EQ.L <AND. AJ.EQ.0. )} XI = XI+{AK%BJ%%3.)}/36.%EAY
IF { IFLAG.LE.O } GOTO 22

+eo COMPUTE FLEMENT MOMENT OF INERTIA ABOUT Y-AXIS

IF { TLEQ.L } CGX(N) = {X{I)+X(JI+X(K))}/3,

08/26/05
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[aNaNel

[aNaNel

[aNaXsl

[F { T.NEJL } CGXINI = 0.25%(X(I)+X[J)+X (K}+X(L}}
AREAY= AREAY+AR({N)*EAY*CGXIN)
IF ( T.NE.L ) YI = YL+(BK*AJ%*%3,}/12.%EAY
IF { 1.EQeL.AND.AJ.NE.O. ) YI = YI[+{BK*AJ**3,)/36.%EAY
IF { T1+.EQeL<AND.AJ.EQ.O0. ) YL = YI+(BJ*AK*¥*3,)/36.%EAY
22 CONTINUE
CGl = AREAX/AREA
IF { 1FLAG.GT.0 } CG2 = AREAY/AREA
DO 25 N = 1,NUMEL
DCG = CGY({N}-CGL
M = NTYPE (N}
XI = XI+AR[N)}*EM(M) *DCG*DCG
IF ( IFLAG.LE.O ) GOTO 25
DCG = CGXIN)I—CG2

YI YI+AR(N)Y*EM( M) *DCG *0CG
25 CONTINUE
00 203 1 = 1,NUMEL
D0 203 J = 1.4
N = 1QUJ,I1}
NOSP{N) = NTYPEI(I}

293 CONTINUE

201 IF { NUMCBC.EQ.O0 ) GOTO 220
WRITE | 6,2006)
ICOUNT = 9

«es READ OR GENERATE CONVECTION COEFFICIENT

213 READ(5,5003) 1,J,INC . HC

DO 215 K = T ,4JsINC
L = K+INC
[COUNT = ICOUNT+1
WRITE (6,2007) K,sL,HC
XJ = X(L}-XI(K}
YJ = Y({L}=-Y{K}

XL =DSQRT{XJ*XJI+YI*YJ}
IF { KAT,NE,OQ } XL = XL*{X(L}+X[K))®0.5

IC{ICOWNT) = K
JCUICOUNT)Y = L
HH{ICOUNT) = HC
CL(ICOUNT) = XL

-« MODIFY FOR CONVECTION BOUNDARY CONDITIONS

H = HC*XL/6.
AlKy1) = A(K,1) + 2.%H

AlLy1) = AtL,1) + 2.%H

KK = L-K+1

IF | KK.GT.0 ) AlK,KK) = A{K,KK)+H
KK = K-L+1

[F { KKoGT.0 ) ALLWKK) = A{LsKK} + H

1F { L.EQ.J } GOTO 214
215 CONTINUE
214 IF ( ICOUNT.LT.NUMCBC ¥ GQTQO 213

«»e« MODIFY FOR TEMP. BC AND FORM EFFECTIVE CONDUCTIVITY MATRIX

220 iF { '‘KODE.LE.O ) GOTO 301
DO 302 N = 1,NHP1

eVl
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At1.1) 1.E+40

C

Covnne

C

C
c
C

[« ¥aXal

[aNelel

301 DO 3080 N

2040 FORMAT (/7 34H

1 +NUNNP

392 [ IRg] = 0.0
= A{N,1)+D{(N) /DT

300 AINy1)

CALL SYMSOL{ 1)
TIME 0.0
LL Q

see BEGIN TRANSIENT CALCULATIONS

DO 600 LNDT = 1.NDT
PRINT 2040

IF ( NUMCBC.LE.O ) GOTO 221

e«s READ IN THE TEMPERATURE OF EXTERNAL ENVIRONMENT

READ(5,5002) TEMPR
WRITE ( 6,2028) TEMPR

ses CALCULATE EFFECTIVE LOAD VECTOR

DO 236 N = 1 .NUMNP
236 BE(N} = BIN)
DO 235 N = 1 ,NUMCBC
K = IC(N)
L = JC{N)
TEMP = HHIN)*CL{N)*TEMPR*D_.5
QLN = 0.0
IF { KODE.GT.0 ) GOTO 237
DO 239 M = 1,NHP1
IF { K.EQ.NHT{M) } GOTO 24D
239 CONTINUE
TSA = {{{TPIK)+TPIL)) *0.5¢660.)%.01) %x4,
TAA = ({TEMPR+460.)*.01) x%4,

QLN CL{N) *0.5*EMIS*,174*(TSA-TAA)
GOTO 237

240 TSA = {({{(TP{(K)+TPIL)) *0.5+460.)%.01) **4.
TAA = ({TEMPR+460.)*.01) **6.

QLN = CL{N)}*0.5%EMIS*{.174%TSA-.00496*TAA)
237 CONTINUE

BE(K) = BE{K)+TEMP-QLN
235 BE{L) = BE{L)+TEMP-QLN
221 DO 219 11 = L1 .NUMNP
219 TREAD(IT)=0.0

IF { KODE.LE.O ) GOTO 36

ICOUNT=0

+«e« READ OR GENERATE BOUNDARY CONDITIONS

218 READ{5,5003) I,J,INC,TREADLI)
PRINT 2050+1 +JoINC, TREAD(I)
IF(J <EQ. [T .0R. J .€Q. 0) ICOUNT=ICOUNT+1
IFtJ .EQ. I .OR. J .EQ. 0) GO TO 217

TRIANGULARIZED EFFECTIVE CONDUCTIVITY MATRIX

TRANSIENT BOUNDARY CONDIT [ONS,/)
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216
217

36

37

o000
.
.

230
39

231
395

330
400

238
401
C

Cencee

C

c

Crrkns

c

699

VAZAR
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DO 216 K=1,J,INC

ICOUNT=ICOUNT + 1

TREAD(K)=TREAD (1}

CONTINULE

[F(ICOUNT .LT, NHP1l) GO TO 218
GOTO 305

IF ( TAM.LE.DQ ) GOTO 230
TST = TST+DT

IF [ TST.EQ.24. )} TAM = TAM+24.
[F ( TST.EQ.24. ) TPM = TPM#24.
IF ( TST.EQ.48. )} TAM = TAM+48.
IF { TST.EQ.48. ) TPM = TPM+48.

IF ( TST,LT.TAM .0OR. TST.GT.TPM } GOTO 37
CALL SOLAR ( TAM,TPM,TST,TR,HF )

GO0To 39

HF = 0.0

GOTO 39

READ HEAT FLOW INTENSITIES
READ(5,5002) HF

WRITE { 6,2029 ) HF
DO 231 N = 1sNHPLM

J = NHT(N)
K = NHTI(N+1)
xJ XUK)Y=X{J)

YJ = Y{K)-Y(J)
XL=DSQRT{ XJ*XJ+YJ*YJ)
IF { KATLANE.O ) XL = XL*{X(J)+X{(K)}*0.5
TREAD(J) = HF*XL*0.5%A8S ¢ TREAD(J)
TREAD{K) = HF*XL*0.5%A8S + TREAD(K}
CONTINUE
DO 400 N=1,NUMNP
QEFF=BE(N)+0.5*T{N) +D(N} *TPIN) /DT
IF (18CA.EQ.0) GO TO 330
TI(N)=TREADIN)
TPIN}=QEFF+0.5%T(N)
CONTINUE
IF | KODE.LE.O )} GOTO 401
DO 238 N = ]1,NHPL
I = NHT(N)
TPLI) = (1.E+40) *T{I}
CONTINUE

SOLVE FOR NEW TEMPERATURES

CALL SYMSOL(2)
TIME=TIME+ODT
LL=LL+]

PRINT TEMPERATURES

IF {(NDT.EQ.1.AND.DT.EQ.1.E+20) TIME=0.0

IF {LL.LT.INTER) GO TO 600

WRITE {6+2005) TIME,(N,TPIN) ,N=1 ,NUMNP}

LL=0

IF{ISIG.GT.0)CALL STRESS { NUMEL,TO,XI,YI,CGLlsCG2, AREA,RL, [FLAG )
CONTINUE
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2000
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GO TO 50
* FORMAT STATEMENTS
FORMAT {12A6)

FORMAT { 1H1 12A6// 25HONUMBER OF NODAL POINTS— ,6X, 14/
1 25H NUMBER OF ELEMENTS--——--110/25H NUMBER OF CONVECTION BC-110/
2 25H NUMBER OF MATERIALS ~-110/25H NUMBER OF INCREMENTS--—-—110/
3 25H DUTPUT INTERVAL——- -~110/720H TIME INTERVAL———-—5X,F10.2/
4 25H INITIAL TEMPERATURE ———— F10.2/13H ABSORBTI1VILTY,12X,F10.2/
5 11H EMISSIVITY,14X,F12.2/ 14H STRESS OPTION,11X, 110/
6 11H SPAN RATIO.l4X,FI10.2 )

FORMAT {20H0 N.P. NQG.
FORMAT (2110,3€E15.6)
FORMAT (35H0 N I J K L
FORMAT (515,110)

FORMAT (22HOTEMPERATURES AT TIME# E13.5/({7(15,E12.4)))
FORMAT (25H0 1 J H )

FORMAT (215+2E15.6)
FORMAT {20HO N.P. NO.
FORMAT {14,8€E12.3)
FORMAT (24HOAXI SYMMETRIC SOLIO BOOY /

1 4HO0 M 9X 3HKRR 9X 3HKZZ 9X 3HKRZ 11X L1HC 11X 1HO 11X 1HQ
2 10X,2HEM,10X,2HAL)

FORMAT (27H2TwWQ DIMENSIONAL PLANE BODY /

1 4HO M 9X 3HKXX 9X 3HKYY 9X 3HKXY 11X 1HC 11X 1HD 11X 1HQ
2 10X, 2HEM,10X,2HAL)

FORMAT (10HOCARD NG. I4, 13H OUT OF QRDER )

FORMAT (13HOBAD CARD NO. 14)

FORMAT { 20H AIR TEMPERATURE,S5X,F10.2)

FORMAT ( 24H HEAT FLOW INTENSITY,F10.2)

FORMAT {5X, 4HFROM,15,2HT0,[5,3HINC,I5,5HTREAD,F10.2)

END

CODE 14X 1HXsl4Xy 1HY ¢ 14X, LHT)

MATERILAL )

CODE 14X ,1HRy14Y%, 1HZ, 14X, LHT}

SUBROUTINE SOLAR ( TAM,TPM,TST,TR,SR )

C
C ++e COMPUTE THE INTENSITIES OF SOLAR RADIATION ON HOR1ZONT AL SURFACE
C

IMPLICIT REAL#*8 ( A-H, 0-Z )
TIME = TPM-TAM
T = TST-TAM
AL = T*3.141592654/TIME
SR=1, 7T*TR *DSIN{AL) *{DSTN(AL)+2.)/ (3.%TIME)
RE TURN
END

AN IV G LEVEL

[aNaNel (nl

1000

2490

250
260
280

oo

2032

285
290

o0

300

350

370
437

529

21 SYMSOL
SUBROUTLNE SYMSOL [(KKK)

IMPLICIT 'REAL*8 ( A-H, 0-2 )
COMMON/SS/ NNyMM,A(400,20),8(400)

GO TOQ (1000,2000) yKKK
REDUCE MATRLX

D0 280 N=1,NN

D0 260 L=2,MM
C=A(N,L)}7A(N,1)

I = N+L-1

[FINN-1) 260,240,240
J=0

DO 250 K=L MM

J=J+1
AlLyJ)=A(1+J)-C*AIN,K)
ALN,L)=C

CONTINUE

GO TO 500

REDUCE VECTOR

D0 290 N=1,NN

DD 285 L=2,MM

I=N+L-1

IF(NN-T) 290,285,285
BCI)=B{E)-A{N,L) *BIN)
B(N)=B{N)/AlN,1)

BACK SUBSTITUTION

N=NN

N = N-1

1F{N) 350,500,350

D0 400 K=2,MM

L = N#K-1

IF(NN-L) 400,370,370

B(N) = BIN) - A{N,K) * B{L)
CONTLINUE

GO TO 300

RE TURN

END

DATE

77115

08726705

4!

S
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SUBROUTINE STRESS { NUMEL.TREF,X1,Y1,CGl,CG2,AREA,RL, (FLAG )} STRP = PT/AREA
IMPLICIT REAL*8 ( A-H, 0-Z ) IF [ IFLAG.GT.0 ) CMY = CTY/{3,.%RL+2.)
COMMUN /7XY/ X(400)+Y{400) ,1Q14,4300),NTYPE(300)+EM(5),AL(5},AR (300}, D0 3 N = 1,NUMNP
NOSP(400) MP = NOSP{N)
COMMON/SS/ NUMNP,MBAND,A(400,20) ,TP(400) DY = CG1-Y(N)
DIMENSION TD(400) STRM] = CMX#*DY/XI
C STRM2 = 0.0
C ... COMPUTE TEMPERATURE DIFFERENCE IF [ IFLAG.LE.O ) GOTO 4
c DX = C62—-X{N)
DO L N = 1,NUMNP STRM2 = CMY*DX/YI
L TDIN) = TP{N) - TREF 4 CONTINUE
PT = 0.0 TD{N) = EM{MP)*{ STRP+STRM1+STRM2-AL{MP)}*TD(N))
CTX = 0.0 3 CONTINUE
CTY = 0.0 WRTE (652000} {N,TD(N) sN=1,NUNNP)
DO 2 N = 1,NUMEL 2000 FORMAT (25HOTHERMAL INDUCED STRESSES/({7(I15,El12.2)))
I = IQ(U1sN) RETURN
J = 1QU24N) END
K = 1Q(3,N)
L = IQ(4,N)
c
C <... COMPUTE THERMAL FORCE AND MOMENT
c
IF { T.NE.L ) TAV = 0,25*(TD(I)+TD(J)+TDIK)I+TD(L})
IF { T.EQ.L ) TAV = (TD{()+TD( S +TD(K))/3.
IF ( 1.EQ.L } 6OTO 11
TL = (TDLI)+TD(S) ) *0.5
T2 = (TD(KI+TD(L)) *0.5
Yl = (Y(I)+Y(1))*0.5
¥2 = (Y(K)}+YIL))*0.5
oY = Yv2-v1

CGY = YL+DY*((T1+2.%T72)/(3.2(T2+471)))
IF ( IFLAG.LE.O ) GOTO 12

TL = (TDIL)+TD(1)) %3,5

T2 = (TD(K)I+TD(J)) *0.5

XL = (X{L)#X{1))*0.5

X2 = (X(K)+X{ J))*0.5

DX = X2-X1

CGX = X1+0X*{{T1+2,*T2) /{3.%(T2+4T1)))
G010 12

11 CGY = 1YIL)+Y{U}+YIK)) /3.

IF ( IFLAG.GY.0 ) CGX = (X(I)+X(J)+X([K))/3.
12 CONTINUE

MTYPE = NTYPE(N)

EL = EMI{MTYPE) *AL{MTYPE)
P = EL*ARIN)*TAY

Cl = P*{CGY-CG1)

PT = PT+P

CTX= CTX+C1l
IF { IFLAG.LE.O ) GOTO 2
C2 = P*(CGX-CG2)
CTy= CTY+C2
2 CONTINUE

eee CALCULATE STRESS AT LOCATION OF MAXIMUN MOMENT
= STRP IS STRAIN DUE TO AX1AL THERMAL FORCE
«+s STRCB IS STRAIN DUE TO THERMAL MOMENT

OO0 O00

CHMX = CTX/(3.%RL+2.)
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C PROGRAM SHELL 8 18M 360 VERSION 21 MAR 1977 ATALAY AND JJP
CNULL PROGRAM MA IN{ INPUT,OUTPUT,TAPEl ,TAPE2,TAPE3,TAPE4 +TAPEB,TAPEY)
CeeasesTHIS VERSION OF THE SHELL PROGRAM HAS BEEN MODIF1ED TQ RUN
CeeoseON THE IBM 370 AT THE TEXAS STATE HIGHWAY DEPARTMENT.
CeesesALL REAL VARIABLES ARE DOUBLE LENGTH AND INTEGER VARIABLES
.STANDARD LENGTH.
IMPLICIT REAL*8 (A-H,0-1)
COMMON /CV/NUMEL NUPT S,NUBP TS, IBANDP ,MBAND {NBLOC,NDFRE+ [ FLAGy NUMAT
1 ¢ ITEMPyNLVT,1 STRAN
COMMON /SS/IGENs I SHEAR yJSHEARsNRED , [REACT 4NTRUSS,ISIG, IRQT
DIMENSION ITITLE{20),C(5),XxVI20)
EQUIVALENCE (ISHEAR,N1) y INRED.N2), IIREACT,N3}
1 READ 1002, ITITLE
PRINT 1003, ITITLE
1002 FORMAT (20A4)
1003 FORMAT ( 1H1,4Xs20A%)
READ 30, NUMEL {NUPTSyNUBPTS,IBANDP ¢NDFRE y [ LAG y NUMAT y N1, N2y N3 N4y
. IGEN, ISIG, IROT,1 TEMP ,NLVY
30 FORMAT(1615)
JSHEAR = N1
PRINT 31,NUMEL,NUPTS,NUBPTS,IBANDP ,NDFRE,IFLAG,NUMAT ;N1 ,N2yN3,N4,
. IGEN, IS1G, IROT,I TEMP ,NLVT
MBAND=IBANDP*NDFRE
NBLOC =(NUPTS*NDFRE) /MBAND
IE({MBAND*NBLOC-NUPTS*NDFRE).NE.0) NBLOC=NBLOC+1
REWIND1L
REWIND2
REWIND3
REWIND4
CALL OVER1
CALL OVER2
CALL QVER3
IF({1GEN.GT.3) Go T0 3
CALL OVER4
3 CONTINUE
31 FORMAT [ 9H NUMEL =,15/94 NUPTS =,I5/9H NUBPTS =,15/9H IBANDP =,
15/ 9H NDFRE s15/94 IFLAG =,15/9H NUMAT =,I5/9H [SHEAR =,

. I15/9H NRED e15/94 IRECT =,15/9H LPROB =,I15/9H IGEN =y
. 15/9H ISIG =415/9H 1ROT =¢I5/9H [TEMP =,15/9H NLVT =y
. 157)
90 FORMAT ( F13.4 )
IF { N4.GT.0 ) GO 101
2 sTOP
END

SUBROUTINE OVER]
IMPLICIT REAL*8 (A-H,0-1)
COMMDN /CV/NUMEL ,NUPTS,NUBPTS, IBANDP 4 MBAND ,NBLOC, NDFRE+ [ FLAG, NUMAT
. + ITEMPINLVT
COMMON/SS/ IGEN, I SHEAR , JSHEAR, NRED ,[RE ACT {NTRUSS,ISIG, 1ROT
COMMON  KQ(4)sNODES,QUADT,SMAT(7,30) EM,RM,VM,GM,01,02,
1 XQ€3,400),DIR{6+401),U(9),5({201) ,T{3,3),EL{3),
2 E2(3)4TH(S5)»TPCU5,4,5),TPL,TP2,X(4) 4¥(4),Z14),011,D12,D22,D33,
3 EM1+G1+G2,D1(3,4),D2{3+4),ELOAD(5) ,1B{401),1DUMMY ,TEMP(5,400,12)
OIMENSION DMAT{6),XV(20).THL55{155)
D IMENSION 1Q(4,2000),1TYPE(2000),QTYPE(2000),
1 TMAT(5,2000),01STLD(5,2000), TEMPIN{30)
EQUIVALENCE {SMATC(L),IQ(1)),1XQ(1),I TYPE(L) +OISTLD(1)),
1 | DIR(BOL)+QTYPE(1}) (TMAT(1) ,TEMP(1,1,1))
EQUIVALENCE (TH155(1),TH(1))
EQUIVAL ENCE (EM,DMATI 1) }»
1 (UCLYaXTDaCUC2) o YT D pCUC3)oZI) 9 (UL4) o XJ) o (ULS) oY U) 4 (U(6)yZU),
2 (UET) XKD BU(B) YK o (U(9)4ZIK) ,TULL) +X0) ,(U(2),Y0) ,(U{3}),20),
3 (UC4),BI3,(U(5),BJ).(UIT), W), {U(B), A),(U(T}, B),(U(B), O}
LOGICAL TEST1,TEST2
INTEGER QTYPE,QUADT
00 80 I=1,401
80 DIR(6,1)=0.
P1=3.141592653589800
Ceesss GENERATE NOCAL COORDINATES AND DIRECTION COSINES.
PRINT 900
1 READ 521,I1,JJ4,1J,1G0,(U(1),I=1,6)
521 FDRMAT(415,6F10.0)
[FOIGO .GT.1) READ 519,1UL1) +1=7,9)
519 FORMATI20X,3F10.0)
IF ( IGOLLE.O ) PRINT 30,114JJd,1J:1G0,(U(1),T1=1,3)
IF ( IGOLEQ.Ll ) PRINT 31,I[14JJs1JeIGO,(U(I},1=1,6)
IF [ IG0.GT.1 ) PRINT 91,11,JJ,1J,IG0,U
IF(IG0.LT.D) GOTO 17
1G3=1G0+1
IF (1J.6T.0) XINC = (JJ-I1) /1Y
GOTO ( 2+ 4, 8+10,12),1G60
2 DO 3 I=1,3
3 XQILyID)=Uutl)
IF(II-NUPTS) 1,51.51
Ceeaae STRAIGHT LINE.
4 XJ=XJd-XI
YJ=YJ-YI
2J=2J-121
XL=DSQRT{XJ*x*2+YJ**2+7 J*%2)
XD=XJ/XINC
YO=YJ/XINC
ZD=1J/XINC
DO 5 I=11,JJ,1J
XINC=(I-I1)/1J
XQULy I)=XI+XD*XINC
XQ(2¢ 1 )=YI +YD*XINC
S XQI3,1)=2Z1+ZD*XINC
SQ=DSQRT{ XJ*XJ+YJ*YJ)
0O 7 I=11,4J,1J
DIR(L, I3=XJ/ XL
DIR(2, I)=YJ/XL
DIR{3, I)=2J/XL
IF(SQ.EQ..0) GOTO &
DIRC4,1)=-YJ/SQ
DIR(5, 1)= XJ4/5SQ
Goto 7
6 DIRt4,1)=0.
DIR(S5,y1)=1.
T CONTINUE
GOTO 19

691



Cueweo CIRCULAR CURVE,

8 DIJ=DSURTIIXI-XJ ) *#2+4{ YI-YS)* 42+ [ Z]-1J) %42}
DIL=DSARTOIXI-XK ) e®24( YI-YK ) **2+ (ZI-ZK)*%2) /2,

DIL=OSQRTIO) Jox2-DIL%**2)
DEL=P ] ~2.*DATANIDIL/DJL)
XL={XI#XK 3/ 2.
YL=LY I#YK3/2.
W=t7Y+IK /2,
Re  DLJ/DSINIDEL/2.)
THly L= XK~XL 3010
TU2y L}=(YK~-YL /DL
T3y 1)={ ZK~ZL Y /DL
TULy 2=t XI-%XL ¥/DIL
TL242)=({¥J-YL }/DJL
Ti3e 2)=(2J-2L17DIL
Tile3)= TE2, 11703, 2)-T(2,2)%T(3,1)
TU2r3)=—TOLe LIRT{3,2)4T{ 1, 21%T(3,1)
TE3:3)= TEL, 1)4T(2,2)~-T{1,2)%T(2,1}
CONST=DSORT(T(1y3)%*2+4T(2,3)%%2+T(3,3) %42
AINC=DEL/XINC
DO 9 I=1lsJJ,1J
XINC=(I-18)/1J
ANG=A INC* X INC
DX=R*DSINCANG )*DCOSIDEL~ANG)
DY=R*DSINLANG)*DSIN{DEL-ANG)
XQULy I)=XT+T{1,1)*DX+T(1,2)%DY
XQU2y =YI+T( 2, 1}#%D X+ T{2,2) %0 Y
XQE3, 1)=L1+T( 3, 1)%0X+T{3,2)%0Y
C=DCOS(DEL~2.*ANG)
D=DS INIDEL~2 .*ANG)
DIRCLy 1)=T(1, 1)%C+¥(1,2)%0
DIR(2,1)=T{2,1)#C+T(2,2)4%0
DEIR(3, 1 )=T13, L}SC+T1 3,2} %D
DIRU4y 1)=s=T(143)/CONST
DIR(S, 1)=-T( 2,3)/CONST

9 DIRLG, I)=~Tt3,3) /CONST
G070 19

CeonesPARABOLA .

10 IF(DABSIBI).GT,DABSIBJ)) CONST=ZJ/BI *#2
1F(DABSIBJ ), GE.DABSIBI)) CONST=2J/BJ%%2
DYJ=DABStBI)+DABSIBI)

W=W+P 1/180.,

Cuw=DCOS{W}

SW= 05 INUW 3
DINC=D 1) /X INC

00 k1 [=10sddp1d
XINC=( I~ [1) /1)

OX=B L+DINC*X ENC
XQULy D i=XOsDX*CW

XQU2y T)=YO+DX*SW

XQ3, 1)=Z0+CONST*0 X*D X
ANG=DATAN{ 2.*CONST*D X)
DIR{Ly L)=CWsDCOSIANG )
DIR(2Z, 11=SWeQCOSIANG )
DIR13,1}= DSINUANG)
DIR{4, I }e~SW

11 DIR{S,1)= Cw
Gara 19

Coaees ELLIPSE,

12 A2=A%p
B2=g*8
AB=A/B
BA=8/4A
ATB=A%8
w=0%p[/180C.

SW=DSIN(W}

CW=DCOStwW)
IFAC= 200
FAC= [FAC
XK=82/0SQRT(A2+82)
Z1=AB*DSQRY(B2~BI*B]1)
2J=AB*DSQRT(B 2-8U*B J)
Wi=-P1/2.
WJ= Pl/2.
1F(21.6T.40) Wi=DATANIBI/Z1)
TFAZD 6T .. 0) WI=DATANIBI/ZN
DW=(WJ~WE)/FAC
WC=P1/2., -~Wi-DW
St1)=0.
0O 13 I=1,1FAC
SWC=DSIN(WC )
CWC=0COSEwWC)
R= ATB/DSQRTIB2&SWC ®SHC +A 2 %C WC *C WC )
DX=R*CWC~8 |
DZ=R#*SWC~Z 1}
SUE+1)=S(TI+DSQRT(DX*OX+DZ*DZ}
BI=81+DX
Z1=Z1+DZ

13 HC=WC-DW
0S=S{IFAC+1)/XINC
sT=0.
Wi=P[/2. -wWl

14 00 15 %=1, [FAC
FELT S
IF(SEJY.GELSTY GOTD 16

15 CONT INUE

16 AINC=y-2
AINC=AINC*DW
ANGoMC~A INC-L{ST-SLu- 113 /70SUII-STU-11) ) %DW
§$=0S INLANG)
CC=DCOSLANG}
R= ATB/DSQRT{B 2% SS*SSHAZRCC*CL)
XR=0ABS(R=CC)
IR=DABSIR*SS)
Q=DSIGN(1.00,L0 1)
IFIXR.LEAXK) ANGT=~Q¢DATAN{{AB*XR)/DSQRT(B2-XR*XR)]
TF{XRGT XK} ANGT=~Q#(P1 /2. ~DATAN{BA®IR/DSQRT{A2—IR*ZR}}}
S5A=DSIGN( 1.D0.A)
XQUL IT2=XO+XRAC WHQ
XQU2, TN )=YO+XR*SWAQ
XQUA, [1)=20+ZR*5A
DIRCLy I 3=DCOSCANGT) 4L WaSA
OIR(2, [T1=DCOSLANGT) % SweSA
DIREA, [I)=DSINIANGT)#SA
OIR{ae 1] }=~SW
DIR{S, Li)= CW
IFUII.6Q.JJ) GOTO 19
TI=11+1J
ST=ST+DS
GOTO 14

Ces s - REPEATED NODAL COORDINATES,AND EI COSINES,

IGO= [ABSLIGO)

IF t IJ.LELLl ) I=1ABS(IY)
IF { JJ.LE.1 ) Tu=1

IF § LJ.GT.1 )} I=1

Ji=0

00 18 y=11,J04,14

DO 18 L=1,1

061



OIRIL  ,JI=DIR(L ,J-1) DO &5 J=1,M0ODL

DIREL +3, J)=DIR{L+3, ~1) 1Q{ 1, T LI=MAJ+IFAC
18 XQEL,d=XQ(L, -1 )sULL) 1QU4, TD)=1QTU 1,11 )41
JI=J1I+1l 1002, 11)=1Q0 44 11 )+MODL
IF ¢ JIL.GELIGOD } GO TO 19 1003, 111=1QC2, 11 )+1
Il=11+1 65 Il=11+1
JI=JdJd+1 TFLII-1 —~ NUMEL) 59,66,566
GOTO 20 69 [1=JJ+NLAY
19 IFEEJI L TNUPTS) LAND LI TWLTWNUPTS)IGOTOD 1 DO 72 J=11sLASTEL NLAY
Cooeas INPUT DIRECTION COSINES FOR ARBITARY NODAL POINTS. L=J-NLAY
51 PRINT 901 00 70 K=1l.4%
53 READ 522,M LIMMOP,LELCT) I=1,3),(E20J),J=1,3) 70 IQUK,J)=10(K,L}-MODL
522 FORMAT(315¢5X¢6F10.0) 1 € 1002, L}.LELQ) 1QU3,0)=0
PRINT 33, H, LIM, MOP, El, E2 IF { 1004, L).LELO } IQU4,0)=0
IFC M.LE.O) GOTO 57 72 CONTINUE
TESTI=DABS{ELI 1) 1+0ABSIEL(2)1+DABSIEL(3)).6T..0 TFILASTELLLT JNUMEL) 6OTD 59
TEST2=0ABS{E20 1) )+0ABSIEZ( 2) I +0ABSIEZ(3)).6T..0 86 PRINT 903
IF{MOP LLE.O) LiM=M 00 1100 1 = 1, NUMEL
IF{NOP,LE.Q) MDP=1 00 1000 J = 1. 4
0D 52 LsM,LIM,HMOP 1003 KQtJy = IQLJ, 1)
00 52 K=1,3 1100 WRITELLl) KQ
IF(TESTL) OIR(K , L)=ELLK} Cenaes INPUT MATERIAL TABLE.
52 JF(TESTY2) DIRIK+3, L)=E2{K} DO &7 11=1,NUMAT
cOTQ 53 READ 524, 1o [SMAT{J, 1 )eJ=1+7)TEMPINII)
5T L = 3 * NUPTS 524 FORMAT(IS5,5X,4F10.0,2F5.0,2F10.0)
IF { IFLAG +EQ. 1 ) GO TQ 58 Z14RTT 67 PRINT 96, Iy ESMATLI L) oJ=1+7]TEMPINIT)
00 56 L = 1, NUPTS 21RRTT Ceweew INPUT ELEMENT PROPERTY CARDS.
DIR{Ll,L) = 1.0D0 2IMRTT PRINT 906
OIR{2,L} = 0.0D0 2IMRTT 75 READ 525, 11y JJyLIMyMOOL JKK, (DMATCIY 41=145)
DIR(3,L) = 0.0D0O 21MR 77 525 FORMAT{515.5X,5F10.0)
DIR(44L) = 0.0DC 21MRTY PRINT 98,11,JJ,L IM,MODL,KK,{DMAT(I},[=1,5}
DIRISG,L) = 1,000 21MRTT IF{LIMLLELO) LIM=1l
DIR{G,L) = 0.000 21MRTT {F(MOOL .LEWO) ROOL=1
56 CONT INUE 21IMRTT DO 71 I=11,LIM,HDDL
58 CONT INUE 21MRTT ITYPE(1)=JJ
WRITE{3) XQ QTYPE([)=KK
L o= & ® NUPTS + £ DO T1 J4=1,5
HRITE(3) DIR T1 TMATUJ, 1)=DHAT(J)
Cevaes INPUT MESH. (FCLIMAT.NUMEL) GOTO 75
PRINT 902 DO 2200 | = 1, NUMEL
59 READ 523, J0J4(1Q01+J00),1=154),KODL NLAY 4 LASTEL MTYPE = ITYPEL(I)
523 FORMATL1615) QUADT = QTYPE(I)
PRINT 193,JJde (EQU15JJ)¢1=1+4) 4 MODL JNLAY,LASTEL WRITE(2) MTYPE,QUADT
193 FORMAT(8{1X,14}) DO 2000 J = 1y S
IF { JJ .EQ. NUMEL 1| GOTQ &6 2000 DMAT(J) = TMATUJ,I1)
1F { NLAY LEQ. 0 ) GO YO 59 2200 WRITEL2) { DMATI{J),J=1,5)
62 11=J4 Cownws INPUT DISTRIBUTED LOADS ON ELEMENTS.
IF( MODL ) 69,/60,64 PRINT 35
60 IFLLTLEQ.NUMEL) GOTO 68 40  READ 5264 114LIM,MODL, (OMAT{1) +1=1,5)
READ 523y JJo(IQ{T,4JJ)»1=1,4),MODL NLAY,LASTEL 526 FORMAT({3(5,5X,5F10.0)
PRINT193,J4,01Q01,JJ),1=1,%),HMO0L ,NLAY,LASTEL PRINT 37,11, LIM,MODL,{OMATII) +1=1,5)
IF(II+1,EQ.JJ) 6GOTO &2 (FILIMJLELD)Y LIM=I(
JK=dJ~-2 IF{MODL.LE.O} MOOL=1
00 63 J=l1,JK DO 41 1=11,L1IM,MDDL
00 63 K=sle4 00 41 J=1+5
63 1Q(K,J+L)=1QUK, )¢ 41 DISTLOUJ, 1)=DMATLJ)
IF(JJ ~NUMEL) 62,66,66 IF{LIM.LT.NUMEL) GOTO 40
64 TFAC=IQE Ly 1131 00 4433 1 = 1s NUMEL
DO 65 I=1,NLAY DG 4000 J = 1y 35
M= {MOOL+ L% 1) 4000 DMAT(J) = DISTLOD(Y, 1)
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4400 WRITE(4) (OMAY{J)ed=1,5)
REWIND2
REWINDL
REWIND2Z
REWIND4
L = 3 & NUPTS
READ(3) X0
L= &% NURTS + &
READ(3) DIR
REWIND3
DO %000 I = 1, 401
5000 IB(I) = O
IF ¢ NLVT.EQ.O ¥ NLVT=1
IF TITEMP JEQ. 1) CALL INTEMP
IF {1TEMP .EQ. 1) GO TO 299

Canasrs

Cewans INPUT TEMPERATURES BY NODAL POINT NUMBERS IF ITEMP .NE. 1

[
00 305 ILY = 1,NLVT
00 907 I = 1,5
00 90T J = L,NUPTS
307 FEMPII.JyILV) = 0.0
PRINT 300,iLV

300 FORMAT (49HODUBL ICATION OF NODAL POINY TEMPERATURES FOR CASE,15,71)

301 READ S264MaLIM MOP,TEMT, TT4, TEMM, T84, TENB
IF{M .LE. O) GO TO 30%
PRINT 303,M,LIMMOP,TEMT+TT4, TEMM,TB% , TEMB
1F{MOP .LE.O}LIM=M
IF{MOPWJLE.OIMOP=]

(F{TEMM .NE. 0.0 JOR. TEMB .NE. 0.0} GO TO 999

IF{Tr& .NE. 0.0 LOR, T84 .NE. 0.03 GO TO 999
TEMM=TEMT
TEMB=TEMT
TT =T EMT
TB4=TEMT
999 CONTINUE
00 304 L=M.LIM.N0P
TEMP{ 1,0, ILYISTENT
TEMPL2,L, ILV)=TT4
TEMP( 4L, ILV)I=¥B%
TEMP(3,. L ILVI=TEMM
304 TEMP{S5sL4s ILV)I=TEMB
GO To 301
305 CONT INUE
299 CONTINUE
177 1F [TGEN.GT.O) GOT0 77
73 PRINT 904
PRINT 700
DO T4 [=1.NUPTS
T4 PRINT 92, L, (XQUJ 1), d=1,3)
If (ITEMP LEQ. 1} GO YO 307
Laaven
CueaasQUTPUT TEMPERATURES BY NODAL POLNT NUMBERS
Canuva
DO 306 ILV = 1.NLVT
PRINT 800, ILV

BOO FORMAT{/34H NODAL POINT TEMPERATURES FOR CASE,15/)

DO 306 t = 1,NUPTS
306 PRINT BOLy 1ol TEMP (I, L. 1LV J=1,45)
801 FORMAT { 14.2X.5E12.5 )

307

6

77

85

81
&00

313
82

18

510

620
a3

79

CONTY INUE
PRINT 701
PRINY 702
DO 76 I= 1 NUPTS
PRINT 32, 1,10IR{J,1),9=1,86)
PRINT 505
PRINT 703
0D 83 M=1, NUMEL
READ(1) KO
READ( 21 MTYPE,QUADT
00 85 I=1,4
DMATI I }= SMATUEMTYPE }
EM1 = SMAY(1,MTYPE)
Gl = SMATLS,MTYPE)
G2 = SMATLE&,MTYPE)
TEI={ SMATU T MTYPE ) #EM) /{24 % (1.~VM}}
TP2=SMATI T, MTYPE}
READLZY TH
READ(4} ELOAD
NODES=4
[F(KQI4).LE.O} NODES=3
IFIKQ{3) JLE.OLAND KQ{ 4).LE. Q) NODES = 2
[£=0
00 82 J=1,NODES
K=KQ(J}
1F{NODES .€Q.2) GO TO 600
Cl=DSQRY { DIR(1.,K}®*2+0IR{2,K) *%2+DIR(3 4K} *%2 )
C2=DSQRT ( DIR{4,KI*#2¢DIRIS,K) *¥24DTR(6 K} #%2 }
00 81 L=1,3
DlilsJ)=DLRIL.K}/CL
B2{LyII=DIRIL +3,K)/C2
X{J)=xQ(1,K}
Y{J1=XQ0 24K}
Z1J)=xQ( 3,K)
IFLITEMP LEQ. 1) CALL TEMSEL (JM,T1MTYPE,TEMPIN}
IFLITERP LEQ. 1) GO TO 82
DO 313 ILY = 1.NLVYT |
006 313 1 = 15
TPCULsde ILV)=TEMPLT Ky [LV)-TEMPININTYPE)
18K J=IB(K)+1
IF [IGEN.GT.O0) GO 10 78
PRINY 94, MoKGMTYPEQUADT » TH, TP2
1FINODES uGTW 20 GO TD &10
THI2) = EM
G TO &£20
TH{S)=THIB]#P1/180.
O= EM/ U1 .- YMEVM }
D11=0D*DSQRY(RM}
022=D/DSQRT{AM}
D3I 3=0¥ (] .~ VMEVM )%, 5/( 1, 4GM)
01 2=D*VM
WRITE(3) KQ,NOOES,QUADT
WRITE(3]) TH1SS
REWINDI]
REWIND2
REWINDS
REWIND3
IF (IGEN.GT.1} GO 10 79
PRINT 84, (IBLT}aI=1,NUPTS}
CONT INUE
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84 FORMAT (1HO,6012)
91 FORMAT ( 41442Xy3E12.5/18%y3612.5/18X+3E12.5 }

92 FORMATI L4, 2Xy3E12.5)

94 FORMAT (2X,514,212,1P4E10.3,F6.1,1PEL0.3}

96 FORMAT (14,2X+1P8E12.5)

98 FORMAT (2X,514,2X,1P SE12.5)

900 FORMAT (45HODUPL 1CATION OF INPUT NODAL COORDINATE CARDS.)
901 FORMAT (S3HODUPL [CATION OF INPUT SURFACE OIRECTION COSINE CARDS.)
902 FORMAT (49HODUPL ICATION OF ELEMENT NODAL POINT NUMBER CARDS.)
903 FORMAT (39HODUPL ICATION OF ELEMENT MATERIAL TABLE.)

904 FORMAT ( 18HONODAL COORDINATES ]

700 FORMAT( 31H PT X z )

701 FORMAT ( 28HOSURFACE DIRECTIUNS COSINES.)

702 FORMAT (/9 2X+3HPT.,6X,3HELXy6X,3HELY 6X,3HELZ

v 6X9 3HE2X,6X 4 3HE2Y+6X 43HE2Z)
905 FORMAT {S57HO ELe NO.,EL. NODE NOS.,MATL. TYPE=T,EL. TYFE=E,EL.THICKN
» +9HNESS,ANG., 10HTHER.COEF.)
TO3 FORMAT (/¢ 2X9s3HEL«93Xs1HI y3XelHJ¢3X,1HKy3Xs1HLs1X»1HT 41X, 1HE
¢3X9y 2HT 1 48X 2HTK y 8X+2HTL 48X +3HANG #3X +5SHALPHA )
906 FORMAT(39HOOUPL ICATION QF ELEMENT PROPERTY CARDS.)

30 FORMAT { 4l[4,2X,1P3E12.5 )
31 FORMAT ( 4l4y2X,1P3E12.5,/+18X,1P3E12.5])
32 FORMAT ( [4,2X,6F9.5 )

33 FORMAT ( 314,4X,6F%.5 )
35 FORMAT (30HO ELEMENT DISTRIBUTED LOADS.
37 FORMAT(2X,304,2X,1P5E11l.4)
303 FORMAT(2X,314,2X+1P5E12.5)
RETURN
END

SUBROUTINE TEMSEL (JyMy[1,MTYPE, TEMPIN)
IMPLICIT REAL*8 (A-H,0-1)
COMMON/C V/NUMEL yNUP TSy NUBPTS,IBANDP yMBAND +NBLOCNDFRE, I FLAG

1 »NUMAT, I TEMP,NLVT
COMMON [X1(6),PXL14052),TPCIS,4,5},PX2(50),+1X2(432),
1 TEMP {20, 400, 3)

DIMENS1ON TEMPIN({30)
CuveeeaTHIS SUBROUTINE GETS EACH ELEMENTS TEMPERATURES FROM TEMP
Cuseess AND STORES THEM IN TPC.

DO 312 I=1,5

I1=10+1 .

DO 312 ILV=1,NLVT

312 TPC(I,J, ILVISTEMP({ TL,M,ILV) — TEMPIN(MTYPE)

RETURN

END

SUBROUTINE INTEMP
Coaeae
CeveoeaTHIS SUBROUTINE GENERATES THE TEMPERATURES BY ELEMENT NUMBER. IT
CeeoeoalS LIMITED TO 40C ELEMENTS AND 3 LOAD CASES FOR TEMPERATURE.
Canone
[MPLICIT REAL®*8 (A-H,0-1)
COMMON /SS/ [GEN, ISHEAR, JSHEAR,NRED  IREACT ,NTRUSS+ISIG,IROT
COMMON /CV/ NUMEL yNUP TS, NUBPT S, 1 BANDP ,MBAND NBLOCyNDFRE, [FLAG,
1 NUMAT,UTEMP ,NLVT
COMMON 1X1(6),PX1(4202),1X2(402},TEMP(20,400,3)
DIMENSION XV(23),TEMPI(20)
IF (NUMEL .GT. 4CC) PRINT 301
301 FORMAT(/,4X,50HNUMEL GREATER THAN 400. INPUT OF TEMP BY ELEM EXCE
1 » 11HEDS STORAGE,/)
[FINLVT .GT. 3) PRINT 302
302 FORMATI(/,5X,46HNLVT GREATER THAN 3. STORAGE OF TEMP EXCEEDED../)
DO 1 [=1,29
DO 1 J=1,NUMEL
00 1 K=1,NLVT
1 TEMPII,J,K)=2.0
DO 2 ILV=1,NLVT
PRINT 300, 1LV
300 FORMAT(/////45%,45HDUPLICATION OF ELEMENT TEMPERATURES FOR CASE
. 1 15,7
5 READ 526,M,LIM,MOP,{TEMPI(I) +1=1,5)
526 FORMAT(315,5X,5F10.0)
[F (M .LE. 0) GO TO 2
DO 6 1=1,3
K1=1%5+1
K2=K1+4
6 READ 527, (TEMPI(L)sL=K1,K2)
527 FORMAT(20X,5F1G.0)
PRINT 303, MyLIM,MOP,{ TEMPI(K} 4K=1,20)
303 FORMAT{2X,304,1P5E12.5/13X,1P5E12.5/13X,1P5E12.5/13X,1P5EL12.5)
[F (MOP .LE. Q) LIM=M
{F{MOP .LE. 0) MOP=]
DO & L=M,LIM,MOP
DO 4 J=1.20
4 TEMP({JsLs ILVI=TEMPII[J)
GO 10 5
2 CONTINUE
Cavens
CaeeesQUTPUT TEMPERATURES BY ELEMENT NUMBERS
Ceconn
ifF t 1GEN .GT. 0 ) GD T0 311
DO 309 ILV=1,NLVT
PRINT 802, 1ILV
802 FORMAT{31HJELEMENT TEMPERATURES FOR CASE=,15/)
DO 310 ¥=1,NUMEL
DO 310 J=1,4
L=5%(J-1) + 1
M=L +4
310 PRINT 803, 1sJsl TEMPUK T »1LV) K=L,M
833 FORMAT{21592Xs1P5SE12.5)
309 CONTINUE
311 CONTINUE
RETURN
END
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SUBROUTINE OVERZ

IMPLICIT REAL®8 (A-H,0~Z)

COMMON /CV/NUMEL (NUPT Sy NUBP TS, I BANDP (MBAND ,NBLOC, NDFRE, IFLAG, LVECT
1, ITEMP NLVT
COMMON/SS/IGEN, 1SHEAR ; JSHEAR ¢NRED,JREAC T, NTRUSS . 1S1G, IROT

COMMON  1Q(4) NODES,QUADT,NTRI +IX1,1BD{200,7),
1BCL20046),S037,371,PTL37,5)PX5(315)
2 rTHQR LS 1o ANG, TPCL 544,51, TP TP2, XIA) $¥14) 4 2(4)
3,011, D12y D22y D33,EMs Gly 62, C{3,%) s E(3,4), GMs QP(4),
4 PX20920)s T6(3,3,4), PX3(96),ISPRNG{S0},SPRINGL6,50)
5 WNOPLI 100, 5)

DIMENSION Pl6¢100,5)s R(&), DXL6,6)}, CQLL6220), LOADS{(S)XVI20}
1 o+ THQ 1550 155)

INTEGER Q,QUADT

EQUIVALENCE [ THQI 11,THQLS55(1))

DINDFRE®® 2,6, 25) « IBO {NUBP TS NDFRE+1,} BCINUBPTS +NDFRED o [BC [NUPTS)

IBINUPTS ), PINUP TS,NDFRE ) +RINDFRE) ,1Q, XY ,ZINODES),

DATA OX/1er5%0030uy1avd%0,02%00 41, :3%00 +3%00 y1ev0us0044%0aslael.y

1 5%0.¢1./

Cownas INITIALIZE BLANK COMNON {EXCEPY IB}a

6

562
561
563

564

566

568

569

567

571

528

00 6 I=1, 1408
Qt1i=0

DO 5&1 I=1.37
DO 562 K=1,5
PY(I4K}=0.0

D0 561 J=1,37
S{Ivd1=0.0

DO 563 [=1,1522
PX5(1)=0.0

00 564 1=1450
ISPRNGI L )=0

D0 566 I=1:6
00 566 J=1s100
DO 566 K=1:5
PlleJ,K}=0.000
00 567 I=1+6
DO 568 J=1,200
BC(Ie 1}=0.0D0
DO 5&9 K=1,50
SPRINGLI+KI=0.000
CONT INUE

DO STL I=1,100
DO 571 J=1,5
NOPLIUI,4)=0
IK=1

PRINT 82
PRINT 83

L=0

7 L=L+#1

READ 528, (IBDILyK}yKwly7)sLIM/MOP(BC(LeJ) 2 J=146)
FORMATUIS, 1X4611,203,2X,6F10.0)
PRINT B, {IBDIL K} yK=2yThoLIM,MOP,1BCIL K], K=]1 ,NDFRE)

@

70

74

79
150
529

151

21

531

24

25

28
532

51

[ S Y

IFIL.EQ.NUBPTS) GOTO 74
IF(HOP) 7,7,8
K= [BD(Ly 11 +MOP
B0 70 I=KyLIM,H0P
L=L+1
18DILs1}=1
DO 70 J=1+NDFRE
IBOIL s J+1}=18DIL-1:3+1)
BCIL, J)=8CHL~1,J)
IFIL.LT.NUBPTS) GOTO 7

IF (IGEN.GT.O0} GO TO 150
PRINT %0
PRINT 91
00 79 L=1,NUBPTS
PRINT 89, CIBDIL,K)sK=1, 7} s{BCIL 4K} ,K=1 ¢NDFRE}
READ 529,NSPRNG
FORMATL1615)
PRIMT 1514 NSPRNG
FORNATU30HONUMBER OF NODES WITH SPRINGS=415,/)
IF (NSPRNG.LE. 0} GOTQ 15-
PRINT 29
L=0
L=L+1

NWDS=NDFRE+3
READ 531, ISPRNG(LI+LIMyMOP o[ SPRINGIK,L] +K=1,6)
FORMAT {315, 5%, €F 100}

PRINT 23, ISPRNGI{L),LIM,MOP,{ SPRING(K¢L} yK=1 ,NDFRE}

IF (L .EQ.NSPRNG} GOTO 15

IF (MOP) 21421,24

K= [SPRNGIL ) +MOP

DO 25 1 = K,L1M,MOP

L=L+1

ISPRNGIL )=}

DG 25 J = 1yNOFRE

SPRINGIJyL )=5PRINGL I L1}

IF(LL.LT.NSPRNG) GOTO 21

IF (IGEN.GT.0) GDTO 15

PRINT 26

PRINT 27

00 2B L = 1,NSPRNG

PRINT 35, ISPRNGIL},{ SPRINGIK,L) yK=]1 ¢4NOFRE}

READ 532, LVECT,(LOADS{K},K=1,5) ,uPL

FORMAT{615,F10.0}

PRINT S51,LVECT,LOADS,UPL

FORMAT 1/, 1X, 40HNUMBER OF INDEPENDENY LOAD CASES =e (57
¢ 1X, 40HNUMBER OF LOADED NODES FOR LOAD CASE 1 =,15/
¢ 1Xs 40HNUMBER OF LOADED NODES FOR LOAD CASE 2 =, {5/
+ 1Xs 4OHNUMBER OF LOADED NODES FOR LOAD CASE 3 =,15/
v 1Xy 4OHNUMBER OF LOADED NODES FCR LOAD CASE 4 =,15/
v IX¢ 4OHNUMBER OF LODADED NODES FCR LOAD CASE 5 =,1%/
» 1X4 23HUNIFORM VERTICAL LOAD =,1PE12.4 )
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READ 529, [SKIP,JSKIP
PRINT 85, ISKIPyJSKIP
IFCIGEN.LT.2) PRINT 87
NTRUSS=0
NQBLOC = 0O
REW IND9
CeewesCONCENTRATED NODAL POINT LOAD GENERATION
00 73 I=1,LVECT
Ii=1
NLN=LOADS{ 1)
IFINLN.LE.O) GO TO 73
PRINT 84,1
PRINT 86
71 READ 531,M,LIM,MOP,(R(K)} K=1,6]
PRINT 85,M,LIM,MOP,R
[F{MOP .LE.O) LIM=M
IF{MOP.LE.O) MOP=1
DO 72 L=M,LIM,MOP
NOPL (LI, D)=L
00 75 K=1,NOFRE
75 P{Xy 11, 1)=R(K)
72 lI=11+1
IFCII.LEZNLN} GO TO 71
73 CONTINUE
00 14 LV=1,LVECT
IF(IGEN.GT.2} GO TO 14
NLN=LOADS(LYV)
IF{NLN.LE.O) GO TO 14
PRINT 92,LV
PRINT 86
PRINT 88, (NOPLIL+LVIs(P1JsLsLV) sJ=1NOFRE),L=1NLN]
14 CONTINUE
00 10 LI=1,NUMEL
READ(3) [Q.NODES,QUADT
READ(3) THQLS55

MD=NODES*NDFRE
IF { NODES.EQ.2 ) NTRUSS=NTRUSS+L
(F{NODES .€Q.2) GO TO0 600

00 20 I=1,NODES

TGlLly 1o 1)=Cl 111

TGl1y 2, 1)=CL2s1)

TG6(1,3,1)=Ct3,1)

TG(3, 1y 1)= C 2o [ M*E{3,1)-CU3, 1} *E(2,])

TGI34 2, 1)==Cl Lo L}*EC3,114#C{3, 1) %E(L,])

TG(3,3,1)= COL, L}*E(2,1)-C(2+1)%E(1,1)}

CONST=DSQRTITGU 3, Lo 1 )**2+TGI(3,2,]1)%*2+¢TG{3,3,])%%2)

TG(3,1+s1)=TG{3,1,1)/CONST

TG(342,1)=TG{ 242+ 1) /CONST

TG(343,1)=7G(393,1)/CONST

TG(2y Ly 1)Y= TGULy3,12%TG(3,2,1)3~TG(1+2,1}%TGI3,3,1)

TGU2+2¢1)=-TGU1,3,1)%TGE3,1,1)+TG{1,1,0}*TGI(3,3,1)
20 TGU293001)= TGULe2,13*TG(3,1,1)-TG(L,1,1)#T7G(3,2,1)
600 CALL QDSHEL ISHEAR, JSHEAR,LZ,ISKIPyJSKIP )

CALL MODIFY (NODES,NDFRE,LVECT,LOADS,NCOPL,PT4+P,1BD,S,BC,
- NSPRNG , I SPRNG + SPRING s 1 Qs NUBPTS)
WRITE{Ll) NODES,MD,{1Q(L},L=1,NCDES)
WRITE(2) ((PTUI,J),1=14MD)yJ=Llsl} o i0S(I,J)sJ=l,MD)},I=1,MD)
12 CONTINUE
81 FORMAT{I4,1X,611,1X,21%s1%,1P6EL0.3)
82 FORMAT (/,1X,4EHDUPL ICATION OF INPUT BCUNDARY CONDITION CARDS.,/
. +1X,50HD 1,02 AND D3 ARE TRANSLATIONS IN BASE COORDINATES.,
/9 1Xs 4THD 4,05 AND D& ARE ROTATICNS IN BASE COORDINATES.}
83 FORHAT(IX 3HPT., 1X,6H123456,2X,11HLIM MOD DIl ,8X,2HD2,8X,2HD3,
1 8Xy 2HD 44y Xy 2HDS5,8X42HD6 )
84 FORMAT(48HODUPL ICATION OF [NPUT NODAL FORCES,LOAD CASE NO.,I5)
85 FORMAT { 314,3X,1P6EL1l.4 )
B6 FORMAT{LIXs1LHPT. LIM MOD,4Xs2HPL ,9X2HP2Z 39X +2HP3 ,9X +2HP4,
1 9Xy 2HP 549X, 2HP 6)
87 FORMAT (SOHOPDINTS CONTAINED IN EQUIL.EGS..RIGHT OF DIAGONAL.,/
. TH EQ. )
88 FORMAT(14,11X,1PEELL.4)
89 FORMAT { 14,612,1Xs1P6ELlLl.4 )
90 FORMAT{55HO8CUNDARY CONDITIONS OF PDINTS HAVING SPECITIED DISPLS.)
91 FORMAT{LXslTHPT. 1 2 3 4 5 6 ,2HD1,9X,2HD2+9X+2HD3,9X,2HD4,
1 9Xe 2HDEy 9X, 2HD E)
92 FORMAT({43HOTOTAL APPLIED NODAL PCINT FORCES.LOAD CASE,17)
26 FORMAT(S54H BOUNDARY CONDITIONS OF POINTS HAVING SPECIFIED SPRING
LGHCONSTANTS. )
27 FORMATILXy 3HPT .y 5X, 2HD L1 9 X9 2HD2 y §X4s2HD3 »9X42HD4 ,9X s 2HD5 y9X 4 2HDG }
29 FORMAT(/,1X,38H0UPLICATION OF INPUT SPRING CONSTANTS../y
S1X, 3HPT .y 2X, THLIM MOD»2X,2H01 ,8X,2HD2 48X ,2HD3 ,8X 4 2HD4 +BX 4 2HD5,
. 8X,2HDE)
23 FORMAT {(14,1X,214,1X,1P6EL10.3)
35 FORMAT (14,4Xy 1PEELL.4)
RETURN
END

SUBROQUTINE MODIFY (NODES,NDFRE,LVECT,LOADS NCPL,PT,P,18D+S,BC,
+NSPRNG, ISPRNG,SPRING » [Q,NUBPTS)
IMPLICIT REAL*8 (A-H,0-1)
DIMENSION LOADS{S),NOPL(130,5),PT{37,5),P6,100,5},1BD(23),7)
. »S(37,37),BC(200,6),1SPRNG{50) + SPRINGI6 ,50),1Q14)
C
CeeveeTHIS SUBROUTINE MODIFIES ELEMENT STIFFNESS AND FORCE
Cevs«.MATRICES FOR CDNCENTRATED FORCES BOUNDARY CONDITIONS
C..+..AND SPRINGS

D0 50 J=1,NODES
C
CeeescMODIFY ELEMENT FORCE VECTOR FDR CONCENTRATED FORCES
C

Gql



7 PE(3,5),P1,P2,P3,01,02,03,Q1,+Q2,Q3,1X2(50),PX5(3331),IX34509)

DO 62 K=1,LVECT DIMENSION LOCS5(10),TX{3,3),IPERMI[4),LOCB(15,4),L0CQL3,5,4),
IF(LOADS(K).LE.O) GO TO 62 1 LOCM{S),TP(S), TEMP(2,5)
LK=LOADSI(K) 2 +THQ1191119),TH427(437),5481(481),PT13(13),PT185(185)
DO 60 1=1,LK EQUIVALENCE (XLyTX}s(PL,TP)
TF(NOPL{I,K).NE.IQLJ)) GO TO 60D EQUIVALENCE ITHQ(1},THQLLS(L)) y{TH(3),TH43T7(1)),(S(1+21),5481(1}]},
NOPL{ I,K)=-NOPL{I,K} 1 (PT(21,1),PT13(1))+{PTl1,1),PT18B5(1))
JJ=0J-1)*NDFRE DATA LOCQ /
D0 61 M=1,NDFRE 1 I 29 3y 69 Ty 87214229231284294+35+26,27,34,
JJ=3J¢1 2 6y Ty B8411,12412,21422+23,30+31+36,28,29,35,
PT{JIyK)=PTLIJKI+P( M, ,K) 3 I11,12,13,16417418421422423432,33,37,30,31,36,
61 CONT INUE 4 16,17,18, 1y 2, 3421+22,23,26+27+34,3233+37 /
60 CONTINUE DATA LOCB / 1y 2¢ 3y 49 5y 6y Ty By 9510421922423 +424+25,
62 CONTINUE 1 €y Tr By 99110911 412413414,15421422423,24+25,
c 2 11 12+13,14,15,16417,18,19,20,21+22,23,24,25,
Ce-22sMOOLFY STLIFFNESS AND FORCE MATRICES FOR BOUNDARY CONDITILIONS 3 169 17+418419+20, 1y 25 34 4y 5,421+22,23,+24,25 /
(o} DATA LOCS / 1424647411,12,16,17,21+22 /
00 63 1=1,NUBPTS DATA LOCM/1,3,5,7,9/, IPERM /2,3,4,1/
IFLIBO(I, 1) .NE.IQ(J)) GO TO 63 REAL*8 NU,NGRM
JJ=0J-1}*%NDFRE INTEGER QUADT
DO 64 K=1,NDFRE Ceteaerasaceccanscccsacsasesaassscnncascs
JI=JJ ¢l Coeeao .TRANSFORMATION MATRICESccosscns
IF(IBD{1,K+1}.LE.O) GO TO 64 CoeeeaT(34314)aaseeesFRON Z TD IBAR..
S{JJyJJ) = 1.0030 23FET? CaveeaTOU(313)ceceanedFROM Z TO ZI04e..
DO 65 M=]1,LVECT CoeeeaTGU34344)eaucesFROM 7 TO Z%....
65 PTUJJeM)}=1.0030*BCL1,K) CeeasTROT(343,3)....FROM Z* TO ZBAR.
64 CONT INUE CeeeeoeTDISI3,343)....FROM ZB TO ZIBAR.
63 CONT INUE CecaoaTl313;4)caveeeeFROM 78 TO Z0usevocnconcccansossanse
[ CeevesCOMPUTE INTERNAL MID POINT COORDINATES [F QUADeaa..
CeeeeMODIFY STIFFNESS FOR SPRINGS DD t60 I =1,37
C DO 162 K =1,5
IFINSPRNG.LE.C) GO TO 50 162 PT{I+«K) = 0.0
DO 66 I=1,NSPRNG 00 160 J =1,37
TF{ ISPRNG(1).NE.1QLJ)) GO TO 66 160 S{IsJdy = 0.
JJ=(J-1)*NOFRE SAREA=0.
DD 67 K=1:NDFRE IF { NODES.GT.2 ) GOTO 500
JJ=JJ+1 DO 161 I = LyNLVT
IF{SPRING(K, 1).LE.O} GO TD 67 TEMP(1,1) = TPCU3,1,1)
SCJJsJJI)=SPRING(K 1) 161 TEMP{2,1) = TPCC(3,2,1)
67 CONT INUE CALL TRUSS ( IQsXy¥sZoTHQUL)Y, THQ(2},S,PT+GM,TEMP,TP2,NLVT)
ISPRNGU I )=—~TISPRNGII) WRITE(S) 1Q,NODES,QUADT,NTRI
66 CONT INUE MRITE{9) THQ119
50 CONTINUE GOTO 1001
RETURN 5097 NTRI=4%
END IF{IQ{4).LT.1) NTRI=1

IFINTRI.EQ.1}) TADD=10
IF{NTRI.EQ.4) T1ADD=20
- [FINTR1.EQ.1) TH{3)=THQ(3)
SUBROUTINE QDSHEL I SHEAR+ JSHEAR(LZ,ISKIP,JSKIP ) IFINTRILEQ.4) TH(3)=[THQ(L1)+THQL2}1+THQ(3)+THQ(4)) /4.

IMPL 1C1T REAL*8 (A-H,0-2) AVTH = (THQ({1)+THQ(2)+THQ(31) /3.
COMMON/CV/NUMEL ,NUPTS,NUBPTS,TBANDP,NBAND ,NBLOC,NDFRE, IFLAG,LVECT IF { NTRI .EQ. 4 ) AVTH = TH{3)
14 ITEMP,NLVT 00 10 I=1,2
COMMON 1Q(4),NODES,QUADT, NTR1,IX1,IBD(200,7),8C(200,6), 10 LoCQt1,3,1)=1ADD+I
1 S(37,37)y PTL37,5), TH(3), AD(3,4)s BDI3,41}, DO 11 I=1,5
2 TDt3,36), TR{3,36), T(3,3,4)}, XMC(3,3,4), THQ(4),ANG, 11 LOCB(I+10,1)=1ADD+I
3TPCl5,4,5)},TP1,TP2,X(4),Y{4),Z14),D1L,D012,D022,D033,EM,G1,G2, 1F ( Dtl1 .GE. .000001 ) GO TO 1101
4PX3(24),GM, GP(4}, AREA, B(3), A(3), XM(3,3), STI15,15),PX4(315), IF € XMQI1,141}) .EQ.O0. .AND. XMQ{2,2,1) .EQ.O0. )} GOTO 1000
5 XS{2y2}s SCOND(15,6,4), TG(3,43,4), TO(3,3), TDIS(3,3,3), 1101 XC=X{3)
6 TROTU{3,3,3}s X1y YLys» Z1ls X2 Y2, 12+ X3, Y3, 13, YC=Y(3)

1C=7(3)
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TP (

3)=QP(3)

IF(NTRI.EQ.1) GOTO 7C0

xC
YC
c
TPl

[ )

0.25%(X{ L)+ Xx(2)+X(3)+X(4})
0.25%(Y(1)+Y(2)+4Y(2)+Y(4))
0.25%(Z(1)+42(2)1+42(3)+42(4))
3}=,25%(QP(1)+QP (2)+4QP{3)+QP(4))

CeowoeCOMPUTE ELEMENT DIRECTION COSINES, T{IgJs4)eerseaocnccccnsocancoca

700 DO
M =
X1
Yl
1

S2
Ti1
T(1
T(1
T(2
T(2
T(2
T3
T3
130 T(3
IF
CeaeesCOM
CAL

Do

Q1

Q2

Q3

x(1

=<
-

5002 2(1
xXC
YcC
C
TP
CeuescCOM
00
M =
X1
Yl
1
X2
A4
12
s11
S12
S22
cos

>
N
[ T T (T 1}

130 N = 1,NTRI
IPERM(N)

X(M)=-X(N)
Y{(M)-Y(N)
Z(M)-Z(N)

XC - X{N)

YC — Y(N)

1C - ZiN)
= X1*X1+Y]1*Y1+Z1%71
= X1*X2+Y1*Y2+71%72
= X2 X24Y2%Y2+472%72
12 = -512/511

X2 + X1%C0S12

Y2 + Y1*C0OS12

12 = 12 + 71%C0OS12

DSQRT(S11)
DSQRTE X2%X2+4Y2%Y2422%72)
+LoN) = X1/S1
12sN) = Y1/S1
¢3sN) = Z1/S51
» LeN) = XZ/S2
+12eN) = Y2/S2
135N) = Z22/52
s 1eN) = T(1224NI*TI2,3,N) =~ T{Ls3,N)#T(2,24N)
229N} = TU1434NI*TI2,14N) — T(1lslsNI#T(2,3,N)
#3sN) = TO1,1,NI*T(2,2,N) ~ T(142,N)#T(2,1,N)
( NTR1.EQ.1 ) GOTO fLOO

PUTE DIRECTION COSINES OF N1 yN2 PLANEc.ovencenccnsanncevranvons
L QDCOS(4, X, Y,Z,T0 )
5002 I=1,4

TO(1, 1)*Q 14701 1,2)%*Q2+7T0(1,3)*Q3
0(2,1)*Q1+T0{2,2)*Q2+T0(2,3)*Q3

T
Q
25% (XU 1)+ X02)+X03)+X(4))

25%(Y{1)+Y(2)+Y(3)+Y(4))

0.25%(Z(1)+2(2)+4213)+214))

3)=.25%(QP(1)+QP( 2)+QP(3)+QP{4))

PUTE ELEMENT DIRECTION COSINESy T{Il yJy4)aaecasaasonssasncacnsss
131 N = 1,NTR1

IPERMIN)

X(M)=-X(N)

Y{M)-YI(N)

Z(M)-ZiN)

XC - X{N)

YC ~ Y(N)

IC - ZiN)

= X1*X1+Y1*Y]1+Z1%71

= X1%X2+4Y1%Y2+471%22

= X2¥X24Y2%Y 247 2%72

12 = -S12/511

Y
z
0
Q
0

Bl B o o WM

LU LA T [ )

X2 = X2 + X1%C0OS12
Y2 = Y2 + Y1%COS12
12 = 12 + 11%C0S12
S1 = DSQRT(S11)

S2 = DSQRT{ X2%X2+Y2%Y2+72%72})
CeeeeeCOMPUTE A’S AND B 'Sececsceseseaseacssosvavvosconnccasasosaacasnnncan

1100 AD(2,N) = S1%*COS12
AD(3,N) = S1
ACU1,N) = -AD(3,N)-AD{2,N)
BC{1,N) = —(S22+C0S12%S12)/52
BC(2,N) = -BD(1,4N)

131 BO(3,N) = O.

C.....DIRECTION COSINES FOR MID POINT IF ELEMENT [S A TRl.cececesococsecn
00 900 [=1,3
00 999 J=1,3
XM{1,J)=0.
IF (NTRI.EQ.1) TO(I,J}=T{1,J,1)

900 CONTINUE
CeocesSUM OVER 4 TRIS, IF QUAD OR 1 TRI, IF ELEMENT IS A TRleceseococccnas
701 DO 301 NT = 14NTRI

N1 = NT
N2 = IPERM{N1)
THE1)=THQ{N1)
TH(2)=THQ{N2)
TPL1)=QP{NL1)
TP(2)=QP(N2)

Ceeeo. COMPUTE TRANSFORMATIONS FOR EACH POINT OF TRIANGLEaeecsoososcncaan
D0 200 1 = 1,3
TPLI+3)=TH{1)*GM
TP(I+6)=T{1y3,NT)
ALL) = ADUI,NT)
B{I) = BD{I,NT)

Tl = T{I,1.,NT)
T2 = T{l,2,NT)
T3 = T(1,3,NT)

D0 200 J = 1.3

TROT(1sJy1) = TLIXTClJy 1)
TROT{T,J,2) T1*TO( J. 1)
TROT(1,J,3) TLI*TG(J, 1)

= + T2270(4,2)
TDIS(EyJyl) = TROT(IyJsl)

+ T2%T3(4,2)
+ T2270(J,2)

+ T3%T0(J,3)
+ T3%T2(J,3)
+ T3%T0(J,3)

TOISt 1, 2) TROT(1,J3,2)
TOISt{ 1+, 3) TROT(IL ,J,3)

200 CONTINUE

CeeeaeSTORE BASE TRANSFORMATION MATRICE Seceaccvaosvocconcvancnconncanses

C= DCOS(ANG )
R= DSIN ( ANG )
LF(NTRI.EQ.1) GOTO 201
CC=TDIS(1, 1,3}
RR=TDIS(1s2,3)
CS=DSQRT(CC*CC+RR*RR }
cC=ccrscs
RR=RR/CS
C= CC*DCOS{ANG)-RR*DSIN{ANG)
R= CC*DSIN(ANG)+RR*DCDS{ANG}

201 CALL SSTQMS5 ( C,R,D11,012,022,033,XM }
XS{1y1)=61
XS(2,2)=62
XS(1.2)=0.
XS(2+1)=0.
KK={NT-1)*9

LGT



00

1 xk=1,3

L=KK+{K~-1}*3

0o

1 J=1,3

XMQUKe J NT J=XMIK,J)
Ju=J+L

Do

1 1=1,3

TOUL JL)=TDIS( L, J,K)
1 TRET,JL}=TROT(1,J+K)
Covws COMPUTE AREA OF TRIANGLE e asvoannvsnonrnsmvuvocsruanarasssaracsncan
3 AREA = A(3}#B(2) ~ A{2)*B(3)
SAREA = SAREA + AREA/Z.
CeeosaFORM AND TRANSFORM MEMBRANE STIFFNESS TO BASE SYSTEM IF A TRl asee
CensauFORM AND TRANSFORM MEMBRANE STIFFNESS TO 20 SYSTEM IF A QUAD.a..

IF
IF
LF

{ QUADT.GT.O ) GOTO S000
(NTRILEQ.1) CALL CLSTIO (3+3,TH,AREA,BXM,ST}
(NTR1.EQ.4) CALL CLST1O 15,1 ,TH,AREA,B,XM,5T)

TEND=3

IF
Do

INTRULEQ L&) TEND=S
27 Tt=1,LtEND

[=LOCMITT)

iF
00

CIL.LT.4)  IL=IE
21 =1, 11

J=LOCMES )

IF

(JJLLTLG)  JL=JJ

Ls=1

Do
N=

Hl=

2T K=14 3
LOCQIXK v JJ.NT}
=8TEL »Jp*TOISUL Ko JLI+STIT L, g¢1) *#TDIS(2,K4dL)

H2=STIT4 L, JIFTDISE Le Ko JLI#STI #],9¢1) #TDIS(24K,JL}

iF
Do

(I.EQ.J)  L§=K
27 L=L5,3

M=LOCQILs FI.NT)
SEMeNI=SIMNIHTDISO Lo TLTI*HLI#TDISI24L L) *H2
ZT SINsMI=S{M,NI
Cucesa FORM AND TRANSFORM PLATE STIFFNESS TO BASE SYSTEM IF A TRIceceonns

CameooFl}
5000 IF
GO

RM AND TRANSFORM PLATE STIFFNESS TO 20 SYSTEM IF A QUAD.ssw-ae
§ LZLLTLISKIP JOR. LZJGTLJUSKIP 3 GOTO 6002
TO 301

6002 CALL SLCCTF (9, ISHEAR,NT,0)

0o

300 II = 1.3

K = 3% — 2

KK
bo
L
Le
o
J
JS
IF
T3
H1
H2
H3
GQ
270 T1
Y2
H1
H2
H3
280 DO

= Sx{{f~1]}

200 JJ = 11,3
= 3%3) - 2

= S*{Jd-1)

300 M = 1,5
= LL # M

= LOCBLJ,NT}

(M.GT3) GO TQ 27¢C

= TDISE{ 3y M. 3J1)

= STIKy L)*12

= ST{K#1,L}*T2

w STIK#2,L 1%73

TO 280

= FROTK1,M-3,3J)

= TROTL 29M-3,J4}

= ST{Ke L+1J*TL ¢ ST{K, L+2}%72
= STIK+1l,Le1}*T] ¢ STIKel,L+2)%T2
= ST(K#2,L+11#T1 + STUKe2,0+2)*T2
300 N = 1%

I = KK + N
IF {1.GT.J) GO TO 300
1S = LOCB(I,NT)
IF (N.GT.3) GO TO 250
SUES,JS) = S{IS,US) + HI*TDISE3,N,IT)
GO YO 295
290 S{1S,JS) = SUI5,J5) + H2*TROT{I N-3,11} + HA*TROV{Z2,N-3,11)
295 StJS,IS) = S5{1S,JS}
300 CONTINUE
CALL NLOAD (QI,Q2,Q3,01¢P2,P3,D1,02,03+PE,AREAALB,TH)
DG 800 I=1,3
K=1
TFINTRILEQ.4) K=2
QGL=PE{1, 1}
Q2=PEL 2,1}
Q3=PE({3, 1}
DO 800 J=1,3
L=LOCQLJs [4NT])
800 PYISS{LI=PTIBS(LI+TOISI v I oK) *QI+TOIS(2,J,K} *Q2+T¥DIS{3+J,K}%Q3
331 CONTINUE
IF(NTRI.EQ.F] GOTO ICCO
IF { QUADT.GT.O } GOTO 5001
CaesooEL IMINATE TRANSL, COMPONENTS NORMAL TO NI.NZ2 PLANE OF MIDSIDE NODE
DO 34 I=1, 37
Sils 3}=5(1e 2)+SU1,424)/2.
S{ly 8)=5(1, 8)+S(1,3%5)/2.
SUI,13=5(1,13)+5(1,36)/2.
SUI,181=511,18)¢5(1,37) /2.
34 SUT,230=SUTy23)¢(S00 340501435 +501+36)45(1,372}3/2.
DO 35 J=1, 37
S 3,d3=80 3,0)+5(34,J}/2.
SC 8,J3=S1 8,J)}+SU35,4}/24
S{13,0)=S113,J)+5(03¢,41/2.
S{18+J1=S(18,0)0+¢5137,4)/2.
35 $1023,J)=S(23, J3+{S034,J)+5(35,J}+5036,0)+S137,0))/2,
GOTO 5004
5001 CALL SSTQMS5 { DCOSULANG},DSIN{ANG}D11,012,D022,D33,XH )
00 5205 I=1,3
0O %005 J=1,3
5005 XMET,J)=XHQ{[,],1}%TH{3)}
CALL QMS5STF 1 XY, XMsST )
00 5003 1=1.10
Hi=tocstrs
DG 5303 J=1., 10
JA=L0CStaY
5003 SUI1,0d)=8(11,JJ)¢ST{L,J}
DO 5500 I = 1s 1€, 5
PTISS{II=PTIRS{ L I+PT185{21)1/4.0
5500 PYLIBS{I+1)=PT1I85C[+1)+pT185(22) /6.0
PTLIBS{211 = 0.0
PTLI85{22) = 0.0
Cowar« CONDENSE INTERNAL DEGREES OF FREEDOMucsonsacsssaausuvvummonnnonnss
5074 IF § LZLLTLISKIPLORLLZWGTLUSKIP ) GOTO 6001
DO &0CO J=22,29
DO 6000 [= 1,33
Stleydi=0.
Sidel)=0.
IF € 1.EQ.J ) SUI,J)=1,
6393 CONTINUE
6001 NDOFQ=33
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IF { QUADT.GT.0 } NDOFQ=2%
NDOFC=13

1F § QUADT.GT.0 } NDOFC=5
DO 400 N =1,NDOFC
K=NDOFQ-N

L = K # 1}

PIVOT = SI{L,L}

00 400 1 = 1.K

C = SULL)/PINOT

PT18SIII=PTIB5(1)-CHPTL18SIL)

Stisyet) = €

00 400 J = I,K .

SUIyJd) = St1eJd) — CHS{LI)
400 SlJel) = S(14J)

Cosews ESTABLISH TRANSFORMATION FROM BASE COURDS. TO NLoNZ2 PLANE...ccewws

1000 L2=3
[F INTRILEQ.4) t2 = 4
IFUIFLAG.EQ. 1} GOTO 3%
00 38 L=)yL2
03 38 1=1,3
00 38 J=1,3
38 TUledsLE=TO(L,J)
GOT0 1002
39 00 40 L=1,L2
00 40 I=1.3
DO 40 J=1+3
Tl{lsdsl }=0.
DO 40 K=1¢3
40 TUledal )=V lede LTI ,KIRTGLI KLY
1092 WRITE{9} IQ,NODES,QUADTWNTRI
PR=C12/011
ALP=TP 2
CeeeeFORM THERMAL FDRCES
CALL TRIPLTI PRALP,NLVT)
WRITE{9) TH423T
IF ( QUADT.GT.O | WRITE(Q) XyY
IF € JSHEARLEQ.6 )} MRITE(S} SCOND
I[F {(NODES.EQ.4 ) WRITE(9) S4Bl
IF § NODES.EQ.4 } WRITE(9) PT13
TF & XMQU1lely 1) EQ. O. 4AND. XMQ12,2,1) .EQ.O.
CALL ROTAS {NOOES,NOFREEMySAREA,AVTH S, PTNLVT)
CALL TRANSF INODES+NOFRE,TyS,PT,NLVT)
1001 RETURN
END

)

GOTO 1001

SUBROUTINE ROTAS (NODES,NOFRE (EMeAREATH,S,PTyNLVT}
IMPLICIY RFEAL®8 (A-H,0-2)
COMMON/SS/TGEN, ISHEAR s JSHEAR,NRED yIREACT,NTRUSS,,ISIG, IROT

CueseoTHIS SUBROUTINE COMPUTES A FICTITIOUS RCTATIONAL STIFFNESS USED
CosunsIN MODIFYING 5 DOF TO & DOF. ASSUMED CONSTANT IS 0.02

—

10

11

20

30
50

51

40

DIMENSION S(37,37),PTL37,5),L0OC6E20) ,LOCRE{S) (ST(24,24),P(24,.5])
DATA LOCE/1¢24B04eSe T+8:910:11 ¢ 13414415.16,17, 19,20,21,22,23/
DATA LOCR/64¢12+ 18424/

NDIM = NODES®NDFRE

00 10 I = 1,NDIM

DO 1 ILVYT = 1,NLVT

PLL,ILVT) = 0.
06 10 J = 1,NDIM
STUIvJ) = 0.

NSIZE = 5%*NODES
DO 20 1 = 1.NSIZE
11 = L0Cet1)

00 11 ILVY = 1.NLVT

PUIT, ILVT) = PTHILILVT}
D0 20 J = 14NSIZE

S = LOCs&LJ)
STEII.JJ) = St1,J31)

If t IROT.GT.0 } GOTG 50
FACT =J3.22*EM®AREAXTH

00 30 [ = 1.NODES

It = LOCRIT}

00 30 J = 1,NODES

JJ = LOCR{J}

STCITeJJ} = —0.5%FACT

IF € IT1.EQ.JJ .AND. NODES.EQ.3 )} STilLl.J0)
IF t IT.EQ.JJ LAND. NODES.EQa4 } ST(II.J4J)
CONTINUE

DO 40 1 = 1,NDIM

00 51 ILVY = 1sNLVT

PTLL, ILVT) = PR ILVT)

DO 42 J = 1.,NOIM

SCLed)Y = STLR.J}

RETURN

END

1.0%FACT
1.5 #FACT

o
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SUBROUTINE BASE (T,L)
IMPLICIT REAL®*8 (A-H,0-7)
COMMON /7B/ TX(3,3)
DIMENSION T{32,3,4)

L= L+I

001 I= 1,3

D01 J= 1,3
TX(1,Jd) = T{1s4dsL)
RETURN

END

SUBROUTINE TRANSF {NUDES,NDFRE » T, S+PT,NLVT)
IMPLICIT REAL*8 {A-H,0-Z)

CoeceseTHIS SUBROUTINE YTRANSFORMS MATRICES TO THE BASE SYSTEM

COMMON /TB/ X1yY19Z1yX29Y2,22+%3,Y3,123
OIMENSION S(37,37),PT(37,5),T(3,3,4)

Cavees TRANSFORM TRANSLATION COMPONENTS

10

—

L=20

LIM = NOFRE={NODES-1)+1

NSLIZE = NOOES*NOFRE

DO 1 Il = 1,LIM,NOFRE

CALL BASE (T,L)

00 10 ILVT = LeNLVT

Ql = PYLIL, ILVT )

Q2 = PT(I1+1,1LVT}

Q3 = PT(I11#2,1ILVT)

PTIIILILYT ) = X1*Q1+Y1®Q2+21%Q3
PTLLII+], ILVT) = X2%Q1+Y2%Q2+22+Q3
PTLIT+2, ILVT) = X3%QL+Y3#Q2+13%Q3
00 1 I = I1.NSI1ZE

F=StL,L 11 )

G = StlL,Il+1)

H = St1, 11+2)

S{Iy 11 ) = FEX1+4G*Y1+H*Z]
SEI, I1+41) = FEX24G2Y24H*22
S{I,I1#2) = FeX3+G*Y3+H*23
L=20

LIM = NSIZ2E-2

00 2 1I = 3,L1M,NDFRE

CALL BASE {T,L)

00 2 J = I,I1

F = St11-2,4J)

G = SUII-1,J})

H= S(I1 4J)

SiT11=-2,J) FEX14GEY 1 +H*7 |
Stl1-1,4) FEX24G%Y2+4H*L 2

2 SUIT  ,J) = FEX340G%Y3+4H¥23
R

CeeeeaTRANSFORM

NDTATION COMPONENTS

w

L o=
LIM NOFRE*NOOE S—-2
00 3 II = 4,LIM,NOFRE
CALL BASE (T,L)

00 11 ILVT = 1,NLVT

[}

Ql = PT(IL,ILVT )
Q2 = PT(IT+1, ILVT)
Q3 = PT(IT+2,ILVT)

PT{II,ILVT ) = X1*Ql+Y1*Q2+21#Q3
PTLTI+1, ILVT) X2*Ql+Y2%Q2+22%Q3
PT{II1+2, [ILVT) = X3%Ql+Y3%Q2+23%Q3
00 3 I = II,NSIZE

F= S(I,IT )

G'= SII,TI+1)

H= S{I, 11+2)

Sti, 11 )
S{I,11+1)
S(1,11+2)
L =20

DO 4 11 = &,NSIZE,NDFRE
CALL BASE (T,L)

00 4 J = 1,11

FEX1+G*Y 1+H*Z ]
FEX24G%Y Z4H%1 2
FHX34GxY3I+H*L 3

[ TR}

F = S(II-2,J)

G = StII-1,41}

H= S(Il ,J1i

S(II-2yJ) = FEX1+GeY1+H*Z1
SUII-14J) = FEX24GHYZ+H*22
SEI1l  sd) = FEX34G*Y3+H*Z3
00 5 J = 1,NSIZE

DO 5 I = 1.NSIZE

St4ryid = S(I,J)

RETURN

END

SUBROUTINE TRUSS(IQ,X,Y,Z,AREA,E,S,PT,GM,TEMP,TP2,NLVT)

IMPLICIT REAL*B {A—H,0-Z)

DIMENSION IQU4)y X{4&)y Y(4)y Z(4), S(37437)4+PT(37,5)

OIMENSION A(3,3), LQT &), TEMP(2,5)

DATA LQ 7/ 3%0,3%2 /

EQUIVALENCE LAULy 1) o XL)a(AC2¢1)4Y1) 4 {AL341),21),
(AUL1,2),X2)0(A12,2),¥2),0A13,2),22),
(A(1+3),X3),(A02,33+Y3)4(A(3,3),23)

REAL*8 L.L1sL2,L2,1Y,12Z

DO 1 I=1,37

00 1 J=1.37

S(I,J)=0.

L=DSQRTUIX(LI-X(2) %% 24(Y(1)-Y(2) ) %¥24(2(1)=2(2)) e%2)

Ll=E/L

L2=E/L*%2

L3=g/L**3

SO 1, 1)=AREA*L1
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S 7y 1l)=—AREA¥L]

St 1, Ti=SL Ty 1}

S{ 7, T)I=AREASL1
Li=X{2)-x(1)

L2=Y(2)-YL1)

L3=2423-2L 1)

H1=DSQRT[L 1**2+L 2%%2)
Cl=1.

$i=0.

IFIHY .GT..000001) Cl=L1/H1
[FIH1.GT..300001) S1=L2/H1
CZ=H1/L

$2=-L3/L

Atlell=LIIZL

Atle2)¥=L 270

Alle3)=L3/L

A(2,13=-S1
Al2:2)= C1
Al2+3)= 0.

Af3, 1)=C1*S2

Al3e2)= S1%S2

A{3,3)=C2

DO 4 II=1, 6.3

N = II +# LQ{II}

00 4 =11, &

M= 1 + LQI1)

F=5{M, N }

G=S{M, N+l)

H=S (M, N+2)

S(My N J=F*X1+G*Y1+4H*Z1
S(My, N+L)=FRX2+G*Y2+H%22
S(My, N+2)=F*¥X3+G*Y3I+H*Z23
DO 5 I1=3, 643

Moo= 10+ LQUID)

DO S J=1.11

N o= J o+ LQiJs

F=SI M-2,N}

G=S{ M-1,N)

H=5{ M ,N}

St M-2,NI=FEX1+GFYL+H*T]
St M1y NISFEXZFGRY2+H ¥22
SC M NI=FkX3+GHYI¢H*I3
DO 6 J=1e12

DO & I=del2
StJeI)=S11,4d)

00 10 VY = 1,NLVT

AVTP = Q.5*(TEMP(1,ILVT)+TEMP(2,ILVT}])

PP = ERTP2RKARCA®AVTIP
DO 10 1=1s74¢

PP = ~PP

PTI(I.ILVT) = PP*C2%C1}
PTI{I+1s ILVT) = PREC2¥S]

PTOT42, 1LYT) = —(PP*¥SZ}+GM* *AREA*0.5

RETURN
END

SUBROUTINE SSTOMS { C.R,D11,D12,022,033 XM }
IMPLICIT REAL%B (A—H,0-Z}
DIMENS ION XM{ 3, 3)
201 S4=R¥x4
Ch=(re4
$2C2=RER$CAC
SCI=R4CH*3
SIC=R A% IRC
AM{ 1, 112C4*D 1145450224520 2%(2.4D12+4. %033}
XMUZ, 11= {5440 41%D 1245202+ (D11+D22-4.*D33}
XM{3y1)=SC 3% (—D114D1242. %0331 +53C *{—D12+D22-2.#033)
XM{ 2,212 54%D 1140 4*D224S202%( 2. #D1244. *D33)
XM (3, 2)=5C 3% (~D12+D22-2.*D 331 +53C+{-D11+D12+2.%033)
XM{3,3)=1C4#S4)%D33452C2%(D11-2.¢D124D22~2. %033}
XML 1,205 XM02, 1)
XM(1,3)=XME3,1)
XM (24 33=XM( 3, 2)
RETURN
END

SUBROUTINE QMSSYF [ X,Y,D0,QQ0 )
IMPLICIY REAL%*8 {A-H.0-2)
C
Covnen QMS MEMBRANE STIFFNESS MATRIX FOR A GENERAL QUAD
c
CIMENSION X{4)1,¥(4),0D03,3),0Q(15,15)
DIMENSION QC(3,10),55(4),T7(4)
DATA S5 /=laslaslee=lale TV /-1, 4—1oslesle’
00 & 1=1,15
DO & J=1s15
6 QQUI,J)=0.0
R12 Xty - xt2)
R13 XE1y ~ Xt 3)
R14 X(1} - X{4)
R23 x(2) -~ x(3)
R24 xt2) - x4}
R34 X3} ~ x4}
212 Yeiy ~ vi2)
Z13 Y(11 - v{3)
214 Y1) - vi4)
223 ¥(2) - ¥t{3)
224 ¥Y(21 - ¥Ytal
134 Yi3) - (4}
VOL=R13%Z24~R24%713
CALL QMSC2 ( RIBSR244Z13+224 ¢ VOL 2 X5y X6 4 XToX8,Y5:Y6,YT7,Y8 )
00 30 Il=1,4
S=SS{TI1)*0.5773502¢9189626
T=TT{I1)*0.57T73502¢518%626
CALL QM5C1 ( Sy T4R1I2,R13,R14,R23,R24,R34,212,213,214,223,224,734,
- VOLe X1 X2e X390 XAy XC o Y1 9 ¥24¥3,Y4 YO XJAC X (L) eX(2),
- X{3)y XCA) e YUL) oy Y(2) 4 X¥(3)4Y(4)
Cavnen FORM STIFFNESS QO

E T LA I I T
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00O 10 I = 1, 3
D1l = DD(I,1)*XJAC
D2 = DD(T,2)*XJAC
D4 = DD(I,3)*XJAC
QCtl, 1)= D1*Y1+D4*x5
QCl1.3)= D1*Y2+D4*xé6
QC(1,5)= D1*Y3+D4* X7
QC(I1,7)= D1*Y4+D4*X8
QC{1,9)= D1*YC
QC(I,2)= D2%X14D4*Y5
QCl{1,4)= D2*X2+D4*Y6
QC(I,6)= D2*X34D4*Y7
QCliI,8)= D2*X4+D4*Y 8
QCtI,10)= D2%*XC

10 CDNT INUE
DO 20 I=1,10
01=QC{1, 1)
D2=QC(2, 1)
D4=QC{3, 1)
QQ{1, [)=QQ( Ly I 14D 1*Y1+D4*X5
QQ(3, 1)=Q0(3, 1)+D1*Y2+D4*X6
QQ {5, I1)=0Q{ 5, [)4D1*Y3+D4*X7

QQ(7
QQi9
QQ(2
QQ(4
Qate
Qi
QQ(1l

¢+ 1)=00C07, 1)+D1*Y4+D4*X8
» [)=Q0(S, 1}+D1*YC

2 [)1=00( 2, [ 14D 2% X14D4*Y5
¢ 11=0Q0 4, 1)+D 2% X2+D4*Y6
2 1)=QQ( 6, 1)+D 2% X34D4*Y7
2 1)=0Q{ 8, 1)+D2*X4+D4*Y8
0, 1)=QQ(1C, I1)+D2*XxC

20 CONTINUE

30 CONTINUE

Cavane

RET

URN

END

SUBR
IMPL

Y5
X6
x7
Y8
X5
Y6 =
Y7 =
X8 =
RETU
END

OUTINE QMSC2 { R12,R24,Z13,224+VOL X5 4X6 ¢XT,XB,Y5,Y6,Y7,Y8
ICIT REAL*8 (A-H,0-2)
THIS ROUTINE 1S CALLED BY QM5 STIFFNESS AND STRESS ROUT INES
Z24/vOL
R13/vOL
R24/VvOL
Z13/vO0L
-x7
-Y8
-Y5
— X6
RN

Coconn

SUBROUTINE QM3C1 ( S+T,R12,R13,R14,R23,R24,R34,712,213,214,1223,
2245234, VOL s X1 4X29X3 4 X4 9 XCyY1 4¥2,Y3,Y4,YC,XJAC,R1,R2,
R3,R4,71422+23,14 )

IMPLICIT REAL*8 {A-H,0-2)

THIS ROUTINE 1S CALLED BY QM5 STIFFNESS AND STRESS ROUTINES

XJ =VOL+S*(R248712-R12*%7234)+T*{R23%714—-R14#%223)

XJAC=XJ/8.0

SM=1,0-5

SP=1.0+S

TM=1.0-T7

TP=1.0+T

XI=(-R244R34*S+R23%T) /XY

X2=( R13-R34*5-R14*T)/XJ

X3=( R24-R12%S+R14*T)/xy

X4=(-R13+R 12% S~R23*T) /XJ

Y1={ 724-234%5-7223*%T)/XJ

¥Y2=(-2134234%S5+72 14%T)/XJ

Y3=(-224+4712%5-7214%T)/XJ

Ya=( 713-712%S5+7223*%T)/XJ

RS=0.25% (- TM*R 1+ TM*R 2+ TP #R3—TP *R4)

15=0.25% (- TMEZ 1 +TM*Z 2+ TP*Z3-TP*74)

RT=0,25% (—SM*R 1~ SP*R2+SP *R 3+ SM*R4 }

ZT=0.25%{-SM*2 1-SP*7 2+SP*Z3+SM*74)

XC=—2.0%(T*SM*SP*RS~ Sk TM*TP*R T} /X JAC

YC= 2.0%(T*SM#*Sp*x2 S-SkTM*TP*Z T} /X JAC

RETURN

END

291



™

10

SUBROUTINE CLSTLIO (LNODES,LSIDESTH AREALB,XM,5} WIN  J=XM{2,2)#U2+XN{ 3,2} Ul

IMPLICIT REAL#*8 (A~H,.0-1} 3 WIN+3I=XMU3, 21%U2Z4XM{2,3)%UL

COMMON/CLSY XU35E)e¥T1 305 o X1y K22K3 ¢ X4 o X5 X6 o XT oX8 4 X9y D0 4 1=J,LNOODES

1 Y4eY5,¥6+ YTy ¥B8, ¥9,T(3,3),TUL(3,5),TU213,5) N=LO{ 1}

DIMENSION XM{3433,THI3),5(15,15}+8(3,2) K=LO{ 145)

DIMENSTON UU3,5:23,V{9) +Wi6) LOL10),IPERMI(3) SINeMI=X{ Lo TIRXI+X{ 2o DIRX2+XE3 2TV HXI4Y (L o1 ) ®XTHY (2, 11 AXB+Y (3, 1 }%X D
EQUIVALENCE (X1,V3, 0l YaseW) I X, ) SIM NI=S{N.M)

DATA LO/1¢3,5:7+942,4+6¢8,107,1PERM/Z,3,1/ SIKsLI=Y U1 1IRY&GsY (2,1 00YSHY(3 1 IRV X(1, 1) SYTHX(2,1)0Y84X (D, 1 }&YG
Tl=THt L} 4 S1L.K)=SIK, L)

T2=TH{2} 00 5 [=1.,LNODES

T3=TH{ 3} K=La{1+5}

FAC=1aZ{ 1 20.%AREA) - SIKeMI=Y{ly IIRXG+ Y12, T )aXS+YL3, T I0X6+ X1 (D) *XT+X 12, 1) *XG+X (3, [ }%X9
TULy Ll={6.%T142.,%T242,%T3) %FAC 5 S{MyK)I=S(K,M)

TUL, 2= 2.7 142.%72+ T31&FAC RETURN

TE1,3)={2.5T1+ F2¢2.%T3) *FAC END

TU2, 271 25T 146 % 124 2. ¢T3} *FAC
Ti243)=¢ V142.T242.#73) *%FAC
TU392)={ 2.8T142,%T246.%T3)*FAC
TE2:1)=718,2)
T(3,1)=7(1,3)
TU3,2¥=T12, 3}

%)

00 1 I=1,2 SUBROUTINE QDCOS {NyXy¥,Z,T)
Ullelyt)= BI1,1)-2.%8(3,1) IMPLICIT REAL*S (A-H,0-2)
Ut2e 1 1d= BL1, 1) <

Ul3sleld= ~BE1e1) C THIS SUBROUTINE COMPUTES THE DIRECTION COSINES OF THE LOCAL
UlTe2s0)= BL2Z,1) C ELEMENT SYSTEM OF A QUADRILATERAL {N=4} OR SINGLE TRIANGLE {N=1}
Ul2)201) BU2,1)-2.%B(3,1) c

UC342,1)==B1 2,13 DIMENSION X(13, YI1), ZU1), T{1}
UL, 3, 1)=~B13, 12 X1 = X(2)4X{3)=X(N)=X( 1)
U2:3,135~B(3,1) Y1 = Y2041 3)=YINI=YL 1)
Ul3,3, 11239813, 1} 11 = 20214203 )-24NI-24 1)

ULl 4,1)=0. X2 = X(3)1+X(N Y= X{ 11~ X(2)
UE2e4s 13=4.4B13,1) Y2 = YU3I4YIN)=YL1D-Y(2)
Ul3s4, [1=4.48(2,1) 12 = Z(3)4L(NF-ZC1}-212)
Ul1y5s1)=64,¥8{3,1) S1 = XI##2+Y1%s 247 |%%2

Ul2r 5 13=0. C = (XI#X2+Y1%Y2421%22)/5]
UI3,551)=4.%8( 11} X2 = X2 - C*X]

IFILSIDES.EQ.1] GOTO 11 Y2 = ¥2 - Cevl

DO 10 M=2,LSIDES 12 = 12 - €11

L= IPERMIM} S1 = DSQRT (ST}

00 10 I=1,3 S2 = DSORT (X2#%24Y24%247 2%#2}
D0 10 K=1,2 X1 = X1/51

UCT M K)SUC L MoK A+ULT (M3 2,K1%, 5 Y1 = Y1/51

UCTol oK 3=UL 5L oK )4U(14M#2,K1 %, 5 71 = 11/51

B0 2 1=1,3 X2 = Xa2/52

B0 2 J=1,LNGDES Y2 = v2/52

TUL{1,J)=0. 72 = 12752

TUZI1,J)=0. TU1y = x1

0O 2 K=1,3 Te2) = x2

TULCTad3=FULCE s DT L KIEXC Ky dd T{3) = YI®I2-Yz#l1

TU201, 31=TU20 1,0 14 TUT, K #YUK, D) Tt4) = ¥1

00 5 J=1,LNODES T(5) = ¥2

M=LOtJ) TI8) = ZIsx2-712%x1

L=LOLJ+5) TiT) = 11

00 3 N=1,3 Ti8) = 22

V1=TULIN,J) TI9) = X1%¥2-X2%Y1

U2=TU2IN,J) RETURN

VAN JexXMU1, 1)%ULleXM{ 3, 1) €12
VIN#3)=XM( 2y LI%ULSXML 3, 2)%U2
VINGE =XMED, LI*UL+XM{ 3, 3F%U2
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SUBROUTINE SLCCY {NBF NSF NT,I1TYPE) B2 = B8{J}

INPLICIT REAL*8 (A-H,0-1) B3 = BUK}

COMMON /SLC/ BUZ2L1,UL21),Q03,6),TXI3),TY(3), Ul = Ut}
1HTI3},70(3,3,31,Q8(3,3) Uz = Uyl

COMMON 1XS01408),PX1{2754), TH{ 3] ,PX2(46T) (AREA,B(3),A(3),XM{3,3), U3 = UK}
1 STU159151,P12141534X51242) Wl = l.ul
2 SCONDULISe6:4),PX40 122),1X2{50) +Px61300),1X3(500) W2 = l.~U2

DIMENSION IPERMU 3)NKN{ &3] W3 = 1.-U3

OATA IPERM/2,3, 17+ NKN/2,5:¢3,6y 8424943y 54846,9/ BID = 2.%81

NOF=NBF+NSF 82D = 2.,%82

TO = {TH {13+TH (2)+TH [13)}/3. 83D = 2.#83

FAC = TO**3%AREA/15120. ALD = 2.%A1

00 150 I = 1,3 A2D = 2.%A2

J o= IPERMII) A3D = 2.%A3

K= {PERMIJ) C2l = B1-B3*U3

X = AULI¥®€2+B(1)o%2 C22 = -BID+B2*W2+B 3%U3

UITY = =(ACT)*=ALI+BIL)*BLJ)) /X C31 = Al-A3%y3

X = DSQRY(X) €32 = ~AlD+A2%W2+A3%U3

HT{I) =  4,0%AREA/X €51 = B3*W3-B2

TY(L) = ~0.5«B({1}/X €52 = B2D-83*wW3-B1l*yl

TXED) =  Q.5%A(1)/X C6]1 = A3*W3-AZ

Al = AUL)/AREA C62 = A20-A3%W3-Al*y]

A2 = A(JI/AREA €8l = B3-B2D-B2*yu2

Bl = B{13/AREA C82 = BlD-B3+Bl*wl

82 = B(J)/AREA €91 = AI-A20-A2%y2

Qil. 1) = Bl*g1 C92 = AlD~A3+Al*WI]

Ql2.1) = Al*Al 0O 200 N = 1,3

Qi341) = 2.%A1*81] L o= 6%{l-1} + N

QUly1+3) = 2,%B1l*B2 Qll = QIN, I}

QI2,1+3) = 2.%AL%A2 Q22 = QIN,J

QU3,143) = Z.*(A1*B2+A2%B1) Q33 = QIN,K}

QS{Ief) = TOL204¢TH 1) 730. Q12 = QiN,(+3)

QS1J,K) = TO/20.~TH [1}/120Q. Q23 = QINyJ+3)

QSIKyJ) = QS{J+K) Q3] = QUINK+2}

Xx=T¢ (1)/7T0 Q2333 = Q2>(33

Y=TH (J)/T0 Q3133 = Q31-Q033

X2=X*%2 Pl 2 I1-2) = 6.%(~QLI+W2%Q33+U3%Q2333)
Y2=Y4%2 PLL s 1I-1) = C21%0234( 224Q033-B30%Q12+B2D*Q31
AY=X$Y F{L ' o= C31%Q23+032%Q33-A3D0%Q12+A20%Q31
IF § ITYPE _EQ. 1 } GO 7O 150 Pt rdd=2) = 6.¥(Q224MW3%Q2333)

TULle Ly I3=XZ¥ 102Xt * Y46 I+ Y2013 X4V 4L, J 430XV +3.%XY +] PiL sJd=1) = C51%Q2333+p30%Q22

TL292¢ 13sX200 X432 Y+ 1aJ+Y2%( 6, ¥Xt 10, #Y46. J+X ¢34V 430XV 41, PLL edd b o= CE1*Q23334+A30%Q22
TU323,1)=X2%{X4Y+3,3Y25( X+ Y4346, %X06. 0743, %Y 10, PL s KK~2) = 6.%{1.+U2)%Q33

TILe 2, 1 )=X2%{ 2. % X430 Y4 ] 54 2R i B, oX42, #Y ] 5)4X4Y 42, 8X Y +.5 PiL KK~1) = C81%Q33

T 1o 3, T1=X2%( 2. X4 1 5%Y 43, )¢ Y2 R X 52V 4L, J 3, 2X4 ] 58742, %XY+2, P{L KK } = (91%Q33

T(2e3¢ [I=X 20 LSRN+ ] 4Y2%{ 1 54 X2, 2Y 43, J 41 5K 43, #¥ 2, %KY 42, Pl JI49 ) o= o.

T1261.11=T1 1,251 P(L eI L = HT(J1%Q33

TU3: e 11=T{1,3,1) P{L sK49 1 = HT(K}%Q2333

{32,171 2,34 1) PIL43 ,11-2) = 6.%{Q11+U3%Q3]133)

153 CONTINUE PIL#3 ,(I-1) = C21%Q3133-B30%Q1)

DG 200 I = 1,3 PiL+3 11 ) = C31%Q3133-A30%Q11

Jo= IPERM{T) PLL43 ,3J-2) = 6.%(~Q22+U1*%*Q33+83%Q3133}
K = IPERM(J) PIL#3 ,04=-1) = C51#%Q31+L52¢03248304Q12-B1D*Q23
It = 3¥] PIL+3 4JJ ) = C€1%Q31+C62%Q33+A30+Q12-A10%Q23
Jd o= e PIL+3 (KK-2) = 6.%{1.+W]l)*Q33

KK = 3K P{L+3 ,KK=1) = C828Q33

AL = AL PiL+3 KK ) = ($2%Q23

A2 = AlJ) PIL+3 ,1+49 ) = HT{[)*Q3]

A3 = AIK) PIL+3 ,J+9 ) = 0.

81 = 8{i) PIL+3 ,K+9 } = HTI{K}*Q3133
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P(N#1B,11-2) = 2.%(Q11+U3%QL24+wW2*Q31) PIVOT = ST{L,t)
PIN+18,KK—1) = ({BID-B20}%Q33+C82*023+CB) #0211 /3. DO 680 1 = 1,K
PIN+#18,KK ) = ((AIC0—A2D)}*Q33+C922023+C91%Q311/3, C = ST{l.Li/P1VDT

200 PIN+18,K+9 ) = HT{K}*Q12/3, ST{I,L} = C
NK = 12 - NBF 00 600 J = I.K
1F INK.LE.G) GO TO 240 STUIyJI=sSTHL,J)-C*ST(L. )
00 220 N = 1.NK 60D STLI1)=STL1,0)
K =13 - N 00 700 1=1,15
DO 220 L = 1,4 00 700 J=1+6
J = NKN{L,N} 700 SCONDUIJ NTI=5TL1,J¢9)
IF (L.LE.2) C = TX{(K-9} 1000 RETURN
IF (L.6T.2) € = TY{K-9) END

00 220 I = 1.21
220 PLly3) = PUL, 03 4 C*PIL,K}
IFL 1TYPE (EQ. 1 ) GO YO 1000
240 1F{NSF.LE.Q) GOTO 300
DO 260 K = 1.3

J = K + NBF SUBROUTINE NLOAD { X,Y4ZyPL.P2,P3,01,02,03,PE,AREA ,
L = 38K 1 AvByTH)
AL = A[K)/AREA IMPLICKT REAL*E {A~H,0-Z)
B1 = BIKJ/AREA DIMENS [ON PE(3,5),0(3,3), TH{3] +A(3) ¢B(3)
DO 260 1 = 1,193 QULle11=01%X
PUI +J 1= PCI L 1 + 8l Qily2)=D2*X
PUI+1,d ) = P(I+l,L ) Q(1y3)=D34X
P(I#24d 1 = P(I+2,L ) + Al Qe2, 11=01%Y
PLT  +J+3) = -P(1 ,L-1) Q12,21=02%Y
PI+1,0+3) = —P(1+1,L-1) + Al QU2,31=D3%Y
260 PU142,J0+43) = -P(]#2,L-1) + Bl D3, Li=01xZ P
300 DO 400 J=1,NDF Q1342)D2%24P 2
00 340 L=19,21 013,3)=D3sZ +p3
Hi{L }=G. C=ARF?/§A;
= 00 1 i=1,
ﬁgt:ffy:aiﬁg PE(I, 11=42.%Q01,10¢ QUI,2)e  QUL,31}%D
HIN )= TOLe LeMI#P AN JI4T(1 42, MI*PIN+3, )¢ T 11,3, MI*P (L) PECE, 2020 QU1 10eZ.00{142) 1,311 %0
HIN+3 )= Ti2e LaMIRP NG JI4T(2424MIFPINSI, JI#T 12,3, M) %P (L, J} 1 PECI,3)=0  QUI,y1)v  QUI.2142.%001,33)%0
340 HIL )= HILI4T(3, LoMI*PIN, J1#T(3,2, M1 %P (N+3,00+T(3,3,M)6P(L, ) RETURN
DO 360 N = 1,19,3 END

UIN  J=XMI Ly LI¥HINI+ XM 2, LI AH N+ LI+ XM{3, 1) #H{N+2)
UIN#II=XMEZy DINHINI+XM{2, ZI*HINE LI+ XM{3 ,2 ) #H{N$2)
360 UIN+21=XME 3, LIFHINI#XME3, 2 % IN# 11+ XME3,3 3 ¥H{N+2)
DO 400 1 = 144
X = 0.
DO 380 N = 1,21
380 X = X 4 UINI*PIN,I1}
STUIsd} = X*FAC
400 STUJ,1)} = ST(1,4)
IFINSFLLE.O) GOTD 1000
DO 850 K = 1.3
I = K + NBF
DO S50 L = 1.3
FAC = QS{K,L I®AREA
J = L ¢+ NBRF
STEL 43 )} = STUI  4J ) ¢ FAC*XS(1,1}
STU143,043) = STOI#3,4%3) + FAC*XS{2,2)
STUE  4Jd43) = STUD  +J+3) + FAC2XS(1.2)
553 STUJ+3,1 ) = ST} J43)
DO 600 N = 1l4¢&
K 15 - N
L K + 1

i
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SUBROUTINE TRIPLTIPR ,ALP,NLVT} SUBROUTINE TRICOR{IyTAVG, TEMP yNLVT ,X¢ Y, THO W TPC 4B, A)
IMPLICIT REAL#*B (A-t,0-2) IMPL IC1T REAL*B (A-#,0~1)
COMMON  TQ(4)¢NODES,QUADT,NTRI ,1X1,IBD{200,7]), DIMENSION 1TRE( 3,23 yTEMPES 4451+ X{4) Y14} ,THQI4) ,TPC(5,4,5)
1BLI200,61,5037,31),PT(37,51,.PX3(315) I sB{3),A03)
2 s THQUA 1o ANG, TPC LS4 4,5),TPL,TP2,X14) ,¥14) , 214) DATA ITRL 7 1,243, 1,344 /
3,011, D12y D22, D3I3,EM, Gl, G2,PX4(29), HOC=ITRI(1,1)
4AREARL{3),AL3),PX50234),P{21415) ¢PX6(496) ,IX2(50) (PXKB{3D0),1B1500) JLOC=ETRI{2, 1)
DIMENSION TEMPES5,4,5) TEMFAC(5) ,TB(3,5),C(3,9),ICURV(3,3), KLOC= ITRIL2, 1)
1 TLOCP (S, 21, TFI9,5),1LOCLIPLG,2) Couas-FORM AL1) AND BU ) FOR TRAINGLE IF QUAD ELEMENT
DATA ECURV/ 7,10419s 13,146,119, 144,19 / IF { NTRI .EQ. 1 )} GO TO 2
DATA LLOCP/ 2,445,8,5,10,13,14+15, 3,4,5,13,14,15,18,19,22 / X1=x{1L0OC}
DATA ILOCIPZ 1,6¢11+2:7,12, 19l1,16,2,12,17 / X2=X{JLOC}
INTESER QUADT X3=X{KLOC)
NTRIF=2 Y1sY{ILOC)
IF( NTRE .EQ. 1} NTRIF=1 ¥2=Y(JLOC)
o0 1OCG I=1,NIRIF Y3=Y{KLOC}
CALL TRICORCI,TAVG,TEMPoNLVT+Xe ¥,y THQ, TPCB,A) B{1)=y2-v3
1 AREA=AT1)#8(3) - A(3)#8{1} BL2i=Y3-Y)
FAC=—EMRALP=AREA/{6.*( 1.~ PR} B(3)=Y1-Y2
tFl NTR? .EQ. 1) GO TO 2 ALLI=X3X2
CALL SLCCT (94041,1) Af2)=X1-X3
2 CONTINUE AL3)=X2-X1
Ca.eaaFORM PLATE BENDING FORCES FOR EACH SUBTRIANGLE. 2 TAVG=ITHQUILOCY » THQUJLOC) & THQIKLOC)) /3,
00 90 1i=1,3 D0 1 J=1,NLVT
CALL TEMCON(L1,NLVT,TAVG, TEMP,] ,TEMNFAC, TR} 00 1 K=1,5
CeavaeFORM MATRIX CONTAINING WXX+WYY FOR SUBTRIANGLE. TEMPIK, 14 }=TPCIK,ILDC , J)
DO 9 lR=1y3 TEMP K, 2¢J 1 =TPCEK L JLOC, J)
ILOC=ICURVI IR, 1 1) TEMP{K, 3,3 1=TPCIK KLDC,J)
DG 9 J4=1,9 L TEMPIK, 4, J )= TEMPIK, 1,3 ¢ TEMPIK, 2, J3+TEMPIK 3, 0)) /3,
9 CLIR,J)=PL1LOC, ) + PLILOCHL, J) RETURN
DO 1l K=1,NLVT ENO

DO 11 IX=1,9
TFUIXaK¥=0.0
00 11 4=1,3
11D TROIX,KI=TFOEX.K) + TBOKISC{JeIX)#FAC
Caue--LOCATE SUBELEMENT FDRCES IN FINAL FORCE YECTOR
DO 12 k=1,9
{FOR= LLOCP (K4 1)

DO 12 J=1sNLVT
SUBROUT INE ITEMPFIFAC L, TEMFAC + TF 4NLVT A 4B}
lg ?g(lFURvJ)’-PN!FOR'Jl + TF{KyJ) IMPLICIT REAL*B (A—H.U:Z) T "
90 CONTYINUE
Iy FFLS A{3) B3}
Cocea s FORM IN-PLANE FORCES FOR EACH TRIANGLE %NEN?L?TNIS?FAC(ﬁ ’ PoreRE {
CALL TEMCON{ L NLVT TAVG,TEMP,2,TEMFAC,TB} TEEL, 1)=B(1)
FACL=EMRRLP/{{]1.~PR]I%E, ) TFRE2:1)=BL12)
CALL ITEMPFUIFAC 1y TEMFAC ,TF  NLYT,A,B) TFE3:1}=8L23)
Coveas s LOCATE TRIANGLE IN-PLANE FORCES IN FINAL FORCE VECTOR TE{4a,1}=A{1]})
DO 13 K=146 TF{S, 1}=A12}
TFOR= LLOCIP(K L} TEE&, 1 1=4(3)
DO 13 L=1,NLVT 1 CONTINUE
13 PYUIFOR LI=PT{IFOR,L} + TF{K,L} DO 2 K=1sNLVT
103 CONTINUE 2.4 B S l:é
gséURN 2 TE{LKI=TF{L,KI®TEMFACIK}*FAC]
RETURN

END
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SUBROUTINE TEMCONUIIoNLVT,T,TEMP,LTYPE,TEMFAC TB)
IMPLICIT REAL*8 [A-H,0-2)
DIMENSION TEMPUS+4,53, [TEMP(3,3),TEMFACI5],TB(3,5)
DATA IVEMP 7 24304y 3,1y%y 15244 /
IF U ITYPE 4EQ. 2) 6O TO 2
1 LJ=ITEMPL L, 1L}
IK=ITEMPL2, 11}
IL=ITEMP( 3,11}
G0 10 3
2 1J=1
IK=2
It=3
3 T2=0sT
T3=Tw%3,
Té4=Texg,
TS5=Thu5,
0O 100 g=1,NLVT
TTI=TEMP {14 1Jd,J)
TT2=TEMP( 1, IKsJ)
TT3A=TEMP( 1y ILoJ}
TT4l=TEXP( 2y Ldyd )
TT42=TEMPL 2y 1Ky J )
TT43=TEMP( 2, IL,J1}
TOALI=TEMP{ 4y LU0 J)
TB42=TEMPL 4y 1Ky J)
TBA3=TEMP L4y KLy J)
TBL=TEMP (5, [J,J)
TB2=TEMP( 54 IKeJ)
TEBI=TEMP (5, IL,J)
IFL LTYPE .EQ. 2 )} GO TO 4
BFL=32.8(TT 1 TB I~ 2.%{TT41-TB41)) /(6.#%T3}
BF2=32 . 4(TT2-TB2~Z.%( T142~TB42)) /16.%T3}
BFI=32 % (TT3~TBI- 2. TT43~TB43)) /16.%T3)
DFL= 162 TT41-TBAL-{ TT1-TB1) /8,0 /(6.%T}
DF2= 16 . %[ TT42-TB42~({ TT2~TB2)/8.} /{6.*T)
OF3= 16,2 [YT42-TB42-{TT2-TB3) /8,) /16.%T)
BT 1=BF1*T5/80. % DF 1%T3/2.
BT2=BF2&T5/80. + DF2*T3/12.
BT3=BF24T5/80, + DF3*T3/12,
T8{1+Jd)}=BT1/6. + BY2/12. ¢ BY3/12,
Y8{2,J¥=BT1/12. + BT2/&. + BY3I/12,
TB(3,0)=BT1/12. ¢ BT2/12. + BY3/6.
GO TO 100
& TMI=TEMP(3,1J+J1})
TMZ=TEMP{ 3, IK, 4}
TMA=TEMP( 3, IL,4g)
AFLI= 128 *{{TTI+TB 146, %TM L] 74, ~TT41-TB4 11 /(3. %T4}
AF2=12B.% (L TT24TB2+45.%TM2) 14, - 1T42-TB42) /13.%T4)
AF3=128.%{{TT3+TB 246, *TM31/4,~TT43~-TB4 3} 7(3.%T4}

CRI=32.4(TT414TB41-C TTL+TBI}/16.~15.%TM1/B.) F(3,%T2)
CF2=32 4 {TT424TH42-{ TT2¢4TB2)/15,-15.4TN2/8,)/1(3,%T2}
CF3=32.%(TT434TBAI({TT34T83)/16.~15.¢TMI/8.)/(3,.%T2)
TEMFACKU)=(AF I+AF 24AF 3)T5/80. + (LFLeCF24CF31%T3/12.

1 (TMLI+TM2+ THI)*T
100 CONTINUE
RETURN
END

SUBRQUTINE OVER3
IMPLICIT REAL*8 {A-H,0-2)
COMMON NOEL,NOP Y NDOFL 40G),PEL24),5024,24]

COMMON/CV/NUMEL yNUP TS yNUBP TS+ IBANDP , MBAND +NBLOC, NDFRE, | FLAG, NUMAT

1 s ITEMPyNLVT, [ STRAN

COMMON 7/ ELEM / NODES,.MD,1Q(36)

COMMON / PRNT /7 IPO+IP1,IP2,IP3,IPA,IPN,IPB

COMMON /7 SUBT / NSUB,ISUBL20) yKSUB(20) s NUEL,LEFT,NSTR

REWIND
REWIND
REWIND
REWIND
RIWIND
NSUB=0
1PO=0
(P1=0
1P2=g
1P3=0
IPA=0
IPN=0
1PB8=0
NOEL=NUMEL
NOPT=NUPTS
D0 108 I=1,NOPT
100 NDOF({ I}=NODFRE
CALL PU2ZLE
60 RETURN
END

[ R N

SUBROQUTINE PUZZLE
INPLICIT REAL*8 {(A~H,C-1)
COHSON NOEL,NOPT,HDOFL 40CIS1B( 4031,1C( 400},
LQ{36),L0CL36),
- LZ1+MOI,M1,K1sN1,NODEL »1Q1{36) ,NOCL{D36),
L22,MD24M2,K2,N2,NODE24I1Q2{36) +MDC21236)
CDMHGN / ELEM / NODES.MD,I1Q(36}

C **»% OIMENSION OF 1IB,IC = NUMBER (F TOTAL NODAL POINTS
C =*x DIMENSION OF IQ = NUMBER OF ELEMENT NODAL POINTS
CALL FRNTIQ { NT )
CALL FRNTST { NT )
CALL ANALYZ t NT )
RETURN
END
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SUBROUTINE FRNTIQ { NT )
IMPLICIT REAL%*8 (A-H,0-2)
COMMON NOEL,NOP T,NDOFC 4001 ,181 400),1C( 400},

LQI36),1L0C{36),
LZLyMOE,ML KL yNLsNODEL»IQLI36),MCCLL36),
LI2,MD2,M2,K2,N2yNODE2, IQ2(36) ,M0C2(26)

COHNON / ELEM / NODES,MD,IQL36)
COMMON / SUBT / NSUB,ISUBIZ0) KSUBI20} (NUEL,LEFT,NSTR

NUEL
NSTR

NOEL

NGEL

IF { NSUBLEQ.0) GOTO &

NUEL J

I7T = I,NSUB

REWIND 4

NY = @

CALL LOCATE (NVT,ISUB(IT),IT)

NQ = NUM (N1,MOCL,NDOF)

WRITE (8) NL,NQ,(MOCL{L),L=1,N1}

HZou

NUEL = NUEL + Isue {rm
KSUBL IT )= NY

CONTINUE

NSTR = NSU8 + NOEL - NUEL
LEFT = NOEL - NUEL

1F (LEFT .LE. Q) GOTD 3

1 = 1,LEFT

READ (1) NODESMD,{TQ(L) ,L=1,NODES)
WRITE (B) NODES,HO,(IQ{LI L=1,NODES)

CONTINUE

REWIND 1
REW IND 8

1 = 1,NSTR

READ (8} NODES.MD,(IQ{L),L=1,NODES)
WRITE (1) NODES,MD.(1Q(L),L=1,NDDES)

CONTINUE
REWIND 1
REW IND 4
REWIND 8

I = 1,NOPT
NDOF{11 = IABS{ NDOFi(I) )

NT = 0
CALL LOCATE (NT.NSTR,1}
REWIND

1
REWIND 4
REWIND 2

RETURN

END

SUBROUT INE LOCATE ( NT,NOZ4IT )

IHPLICIT REAL*8 [A~H,0~7}

COMMON NOEL+NOPT,NDOF{ 400)},IBI{ 4001.1C( 433},

. LQU36),L0C(356),

- LZ1sMD 1M1, K1oNL,NODEL,EQL(36) ,NCOCL{36) ,
ZZ.MBZeNZ.KE NZ,NUDEZ.[QZ(!&,.HOCZ{36)

CGMMON #/ ELEM / NODESMD,I1Q136)

DO 1 I=1,NOPT
1 B8 = 0

00 3 LI=1,ND2
READ (1} NODESMD,{I1Q{1},1=],NODES)
WRAITE (4) NODES+MD,{IQ€1)4]=1,NODES)
00 2 I=1,NODES
K = I1QUI
IB{K} = T18(K) + 1
CONTINUE

W

00 4 I=1,NOPT

4 ICEI1 = 1BLI)
REWIND &

S 00 8 1LI2 = 1,NO2

READ (4) NODES,MDy(TQ{I)4I=1,NODES)
NODEZ2 = NODES
MOR = M

00 & I = 1yNODE2
1Q241) = 1Q(1
K = 1Qairy
TE { NDOFIK}LGT.0 3 TCIK} = 1CLK) - |
IF ( NDOF(K).LTWG ) TCEK) = FC(KI + 1
& CONTINUE

CALL FRONT

IF t L22.8GQ.1 ) GOTO 7
CALL EXPAND & NT )

T CALL UPDATE ( NT )
8 CONT INUE
CALL FRONT

CALL EXPAND { NT )
CALL UPDATE (NT}

RETURN
END

891



SUBROUTINE FRONT SUBROUTINE EXPAND { NT )

IMPLICIT REAL®B (A~H,0~1) IMPLICIT REAL*B (A-M,0~7)
COMMON NOELNOPT,NDOF [ 400),IBL 400),1C( 400}, COMMON NOEL,NOPT,NDOFL 400),18( 400),ICL 4001,
. LOU(386),L0C(36), - LQ{ 361,L0C(36),
- L214MD1,M1,K14NL.NODEL,1QLE36) ,MOCL(34), . LZLyMDIsMEsXK1oN1 ,NODELLIQL(36) ,MCCL{38],
. L22,MD2,M2,K2/N2,NODE2, 102134} ,M0C2 (36} » LZ2yMD2 M2, K2 N2,NCOE2,1Q2(36) ,MOC2(36}
COMMON / FRNT / L2I,MD M0, KO NQLCTIL501 LOCTIIS0)
NZ = O
00 1 [ = 1,NOPY DO 1 I = 1,NODE1
LF 1 IBUI).EQ.ICUT) Y BOTO 1L DO 1 4 = 1sN1
IF ( IC(1).EQ.0 )y ootetry=0 1 IF ¢ 1QL(I}.EQ.MOCLIED) ) LQLD) = 4
N2 = N2 + 1}
LOCINZ) = 1
1 CONT INUE L =g
00 2 1=1,NODEL
Caewa+END OF STEP 8. LP = 191 ( 1)
J2 = NUM { LGUT)WMOCY (NOOF )
M2 = 0 J1 = J2 - IABSINDOFILP)) + 1}
DO 2 I = I,N2 DO 2 J=J1,42
MOC2(11=0 L=L*1
£ = LOCET} 2 LeTiL =y
IF 1 IC(K).NE.CO y 60Y0 2
Loctrl=o IFIMQ.EQ.Q) GO TO 5D
M2 = M2 + 1 DO 60 i=1,MQ
MOC2(M2) = K 63  LOCT{I)=0
2 "CONTINUE 50 IFIKL1.GTWNL ) GO TO 1
K2 = M2 + 1
DO 5 & = KIyN1
CeeveasEND OF STEP 1, Q0 3 4 = 1y N2
IF { MOCI{IDY.EQ.MOC2LJ)Y ) GOTO 4
CALL GAPS 3 CONTINUE
DD 5 EI=1,N2 4 tgc ¢ 1 ) = J
K=L0Ct{I} 5 CONT INUE
IF { K.EQ,.C } 60T0 8
D0 3 J=K2yN2
If { MOC2(3).EQ.0 1 GOYO 4 L = MO
3 CONTINUE DO & [=K1s4N1L
4 MOC2(J1=K tP=MOCL { I )
Loc (1)=0 J2 = NUM { LOCLI)MOC2+NDOF )
5 CONT INUE J1 = 42 ~ IABS(NDOF(LP)} + 1}
DO & J=41,42
CavavsEND OF STEP 4, L=L+¢1
& LOCTiL J=d
RETURN
END T WRITE {3) LZ,MO,MO,KQaNQ,LQT,LOLT
CALL PRNTO
CALL PRNTI1
RETURN
END
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SUBROUTINE UPDATE ( NT }

IMPLICIT REAL*8 {(A-H.0-1}

COMKMON NOEL . NOPT,NDGFI 44003 ,18( 400),1C1 400),
LOQE361L0C136),

SUBROUTINE GAPS
IMPLICLT REAL#8 {A-H,0-2)
COMMON NOEL,NOP T NOOF( 400} 4180 400),ICI[ 400},

. LOE36},L0C(36), -
. LZ1+MOL,M1,K) NL,NODEL,1QLI36),M0C1{36), . LZ1sMD1yM1+K1,N1,NODEL,1Q1136),M0CL(36},
. LZ2,MD24M2,K2,N2,NODE2, [Q21361 ,MOC2(36] . LZ2.MD2,M2+K2+N2,NODEZ,1Q2(36) ,MOC21(36)

COMMON / FRNT / LZ,MD4MQ+KQ,NQ,LQTIL150),L0CT(150)

CaseaaFIX POSITIONS OF NOGE S COMNON TO MOC) HOC2 .
IF { L22.EQ.L } GOYO 2

IF { LZ2.€Q.1 } GOT0 4
00 1t 1 = 14NT
11 = MAXO T KlsK2 } 1 LOCT4IY = O
12 = MING { NI,N2Z }
O 3 f=01,12 2 DO 3 1 = 1,NODE2
K=MOCI{ 1} 3 1QL{1Y = 1201}
IF ( [C{K).EQ.C 3 GOTO 3
DO 1 J=1,N2 DO 4 [ = 1eN2
IF { LOCIJI.EQ.K 1 €070 2 4 MOCLET) = MOCL2UT)
3 CONT INUE
GOTO 3 L21 = L22
2 MOC 28 L =K [ 4 = 121
LOCtJ3=0 NODE = NODEZ
3 CONT INUE MD1 = MD2
MD = MD1
CeeewwEND OF STEP 2.
M1 = M2
4 REFURN K1 = K2
END N1 = N2
MQ = NUM ( M1,MOC1,NDCF )
KQ = MO+1
NQ = NUM { N1,MOCL,NDOF 1}

NT = MAXO { NT,NQ }

RETURN
FUNCTION NUM [ 1POS.MOC.NOOF ) END
INPLICET REAL#8 (A~H,0~7)
DIMENSION MOCI1),NDOFI[1}

NUM =
IF ( POS.EQ.D ¥} 6OTO 2

DO L I = 1,1POS
K= M3C t 1)
1 NUM = NUM + 1ABS { NDOF { X } )

2 RETURN
END
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SUBROUTINE FRNTST { NT ) SUBROUTINE SCANIQ [ NT,NODZ )

IMPLICIT REAL#*8 [A-H,0-Z} IMPLICIT REAL*8 (A-H,0~Z)
COMMON NOEL4NOE150),TX1,PEIL50),5(576),B(150) ,A(11325) COMMON NOEL.NOT150)»IX1,PE(150), 515761 ,B1150),A(11325)
COMMON /7 ELEM 7/ NODES.MD,IQ(36} COMMON 7 FRNT / LZ,MD,MQ,KQ+NQ,LQT(150) ,LOCTIL150)

COMMON  / SUBT / NSUBsLSUBC201 +XSLBU2)D) yNUEL JLEFT(NSTR
DO 1 I = 1,NT

IF (NSUB.EQ.O) GOTO 7 1 8(1) = 0.
DG 3 1T = ],NSUB K = (INT#11eNT) /2
READ 11) NODES,MD,110(L),t=1,NODES) DO 2 1 = L,K
10 = KSUB (1F) 2 ALI) = O,
CALL SCANIO {10,I1SUBLITYS
L = (L10+1)%[0)/2 NOC1) = )
IF (MD.EQ.10) GOTO 2 L= NT+2
CavesasSHRINK A FROM NT * NT SPACE TO NQ * NQ SPACE 0 3 1 = 2,NT
L =0 3 NOUT) = NOTI=1)sp - |
00 L I = 1,MD CALL PRNTNO [ NT,NO )
N = NOCI) — ¥
00 1 J = [,MD 0T LY = 1,NO2
U= Lo+
1 A(L) = AIN+J) READ (3) LZ,MD,H0,KQ,NQ,LQT,LOCT
2 WRITE (8) (B{J)sd=1:M0) (A ya=1,L0) L = ({MD + 11%MD)}/2
READ (2} (PELLJ,I=1,MD),(S(1),1=1,L}
3 CONT INUE
C CALL PRNT2
I (LEFTLLE.C) 6OTO 5 C CALL PRANTA (A+B,NO,NT,NT)
D0 4 I = 1,LEFT CALL SEMBLE
READ {11 NODESMD,{1Q(L),L=1,NODES) C CALL PRNTA (A4,8.NO,NT,NT]
L = ((MD¥L)ISMD) /2
READ 121 IPECL)1=1,MD} 4 (SCT141=14s0) IF { MO.EQ.0 ) GOTE &
WRITE (81 (PEUI) I=1,MD},(S(1)0=1+0} 32 = MO
IF (M0 .EQ. NG ) J2 = NO-1
4 CONT INUE CALL REDUCE { JZ/NOsNO&B A )
5 REWIND 1 c CALL PRNTA {A,B,NO(NT,NT]
REWIND 2
REWIND 8 NE = NO [ MQ § + NT — Mg

WRITE (43 (808}, 0= MO5¢CALT),1=] ,NE)
D0 6 I=1:NSTR
READ (1) NODES«MD,11Q(LYsL=],NODES)

L=({MD+1)%MD) /2 00 4 1 = 1,MQ
READ 18] (PECI),I=1,MDI 40 SET)I=1,L0 4 8I11=2.0
WRITE {2) (PECT ), I=1.+MD)} + 501} 1=1,L) DO 5 I = 1,NE
5 ALL)=0.0
6 CONT INUE
6 CALL SCRMBL ( NT )
REWIND 2
REWIND 8 c CALL PRNTA (A4B,NO,NT,NT)
7 CALL SCANIQ (NT4NSTR) 7 CONT INUE
RETURN RETURN
END END
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SUBROUTINE SWITCH ( MyN;NTY )

SUBROUTINE SEMBLE [MPLICIT REAL®8 (A-H,0~-1)
IMPL ICIT REAL¥S {(A-H,0~1) COMMON NOEL sNOLI50) 1 X1+PEC150) 4515761 ,B1150),4011325)
COMMON NOEL NO{1501,1X1,PEE150),5(576),B(150) sAL11325)
COMMON / FRNTY / LZyMO MO, KG (NQ,LET{150),LOCT{150) CoseasSWITCF LOADS.
L=290 o =B{M)
DO T M = 1,MD BIMI=BIN}
1= LATIM) ) BI{N3=C
B{I) = BUL)+PE(M) .
00 I N = M,MD Cowono INTERCHANGE M AND N OF CONDENSED STIFFNESS MATRIX.
L=L +1
J = LQT{N) MS=NO{M )-M
K = MINO ( I,d ) NS=NO{N)-N
K = MAX0 { [,J } + NOIK} - K
A LK) = A (K) + SIL) CoveasSWITCH DIAGONAL TERMS.
RETURN C =A{MStM}
END A{MS+MI=A{NS+N]}
ALNS+NI=C

Ceae.<REGION 1.

IF { M.EQ.1 } 6070 3
[2=M~1
0o 2 I= 1,12
IS=NO{ £ )~
C =A{15+M}
SUBROUT INE REDUCE [ J2NQyNOsB.A ) AL1S+M)=AL [S+N}
MeLICIT REAL*B (A-H,0-1) 2 ACLS#N )I=C
DIMENS ION NO(150)1,B(15C,A(11325)
CeeanREGION 2.

00 1 J = 1,J2
Jo = NOtJ) 3 Jl=Mal
¢ = —l.0/4020) IF { J1.EQ.N } G60To 5
Jo = JO-J J2=N~1
L= J+l DO 4 J=J1.,J2
00 1 I = I1.NQ JS=NO( ) }-J
X0 = NO{I1)-1 C =A{MS+J}
C = AL1+J0)%Q A(MS+J)=A{ JS+N]
Bi{IY = B{1Y¥+B(JixC 4 A{JS+N)=C
DO 1 X = 1.NQ Ceu-eREGION 3.
A{X+KO) = AUKeRO) + A(X+J0)2C 5 1F { N.EQ.NT 1 GOTO 7
JI=N+1
RETURN 20 & J=J1.NT
END C =A{MS+))
AlMS+dI=AINS+I)
& A{NS+4)=C
t RETURN

END
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SUBROUTINE SCRMBL { NT )
IMPLICIT REAL*8 {A~H,0-1)
COMMON 7 FRNT / LZ,MDoMQyKQNQ,LQTIL50),L0CT(1502

ICOUNT = 1

DO 2 M = KQ,NQ
N = LOCTI{M)}
IF { N JEQ. M .OR. N .EQ. 0) GOTO 2
LOCTIN} LOCTIND
LOCTI(N) N
4 MINO(M, N}
J MAXOIM, N)
CALL SWITCH {I4J.NT}
ICOUNT = ICOUNT + L
IF (ICOUNT .GT. NT)} STOP
GOTOo 1

CONT INUE

$ouodon

RETURN
END

SUBROUTINE ANALYZ (NT)

IMPLICIT REAL*8 (A~H,0-1)

COMMON NOEL,NOU15C)1X1,EOLLE0) ,DUMELSO) ,BT150),A011325)
COMMON / SUBT / NSUB,ISUB(2Q) ,KSUBL20) y NUEL,LEFT (NSTR

CALL SOLVE (NT,NSTR,9)
1F (NSUB.EQ. 0) GOTO §
IF (LEFT.LE. 0) GQTQ 2
DO 1 I = 1,LEFT
READ [8) MO, LEO(1¥,0=1,MD)
CONT INUE
DG 4 IT = L,NSUB
LT = NSUB - IT + 1
NY = KSUBILT)
NOCL) = 1
L = NT + 2
00 3 ¥ = 2,67

NOTTY = NOUD-13+eL~1
READ (8) MD(BUE},I=1,H0)
CALL PRNTB ( B,MOD )
CALL SOLVE (NY,ISUBLLT},O}
CONTINUE
RETURN
END

4

oo
119
130

SUBROUTINE SOLVE { NT.,NOZ2,ISTOR 1}

IMPLICLIT REAL28 {A~H,0-2)

COMMON NOEL GNOL 1501, EX14EDL 1500 ,0UMIL50),BL150),A011325])
COMMON 7/ FRNT / LZ,MD«MQ,KQ4NQ,LQOT{150} ,L0CT{153)

0o & LQ = 1.NQ2

BACKSPACE 3
READ (3} LZ,MO,MQ,KQ.NQ,LQT,LOCT
BACKSPACE 3

CALL PRNT2

IF t KG.GT.NQ } GOTO 3

00 11 = KQ.MQ
L

= Lac
bud (1 3} =

Ter1)
8 ¢ L}
DO 2 1 = KQ,NQ

B € 1 2= puM (1)

CALL PRNTB { B,NQ }
IF { MO.EQ.C } GOTO 4
NE = NO ( MQ } + NT -~ MQ
BACKSPACE 4
READ {43 (BUI)sI=1MQ),{AL1)} I=1,NE}
BACKSPACE 4
CALL PRNTB { B.NQ )
CALL PRNTA ( A,ByNOJMO,NT }
CALL BPASS { MO KQsNQNO,B,A )}
CALL PRNTS ( ByNG 1}

00 5 § = 14MD
L

B o#
-
o
-
-

ED { 1)

PRINT 110,LZ
PRINT 120.,1ED{I),1=1,MD)

IF {ISTOR.GT.Q) WRITE( 8} MD,(ED(1),1=1,MD)
CONTINUE

FORMAT (1H1+8X, 12HOL SPLACEMENT,,/+6X 4 HNCODE 48X 5 1HU+LIX o LHY, 11X, Lt }
FORMAT (/77,8X, THELEMENT 1 6,7/)

FORMATLIP4ELZ.3)

RETURN

END

€Ll



SUBROUTINE BPASS ( MO, KQ«NQ,NO,B+A }
IMPLICIT REAL*8 [A-H,0~1)
CIMENSION NO(150),81150),A111325)

4

bo 1
0o oI

00 4

IF ( MQ JEQ. NQ b} 60Y0 2
I = LiMg

K = NO(Ikt

J = KQ«NQ

BIL) = BUI)-ALJ+K)BLE)
Mo MQt]

I = NOtMQ)

BIMQ) = BI(MQI/AC])

If { MQ.EQ.1 ) GOTO 5
L= 2,MQ

[ = ML

J1 = I+}

K= NO(I)-1

4= J1.MQ
B8(1) = BlIY-AlJ+KI¥B( )

K = NOLID
B(L) = BLI)/A(K)

5 RETURN

END

SUBROUTINE PRNTOD
IMPL ICIT REAL®8 (A-H,0-11}
COMMON NOEL NOPT,NDOF( 400} ,IB( 400),1C1 4003,

LQE36),L0C(36),
LZL1 MDI+M1, K] NLI,NODET L IQTI36) ,MOCLI36),
LZ2+MD2,M2,K2,N2/NODE2,1Q2(36) ,MOC21{36}

COMMON /7 FRNT / LZyMD MQeKQeNQ,LQT(150},L0CT (150}
COMMON 7/ PRNT / 1PQ,IP1,1P2,IP3,1PA.IPN,IPB

IF (1PO .EQ. OF GOTO 99

PRINT 10,LZ1.NGDEI.MDI,

10 FORMAT

L R ST T

9% RETVURN

10
20
99

-

END

SUBROUT
MPLICT
COMMON

COMMON
COMMON

M1 LK1 WNL
MG ,KQ s NG
(/7 6x, THLZ1 =¢ T4,
&Xy THNODEL =, l4,

6Xe THMD1 =y Téo/s
6Xy THM] =y la,
&Xy THKL =, 4,
6X%e THN1 =y Ths/,
6X, THMQ =5 14
6X, THKQ =; 14,
&Xy THNQ =y 16 }

INE PRNT]

T REAL#*8 (A-H,0~2)

NOEL,NOPT,NOOFL 400) ,IB{ 400} ,1CL 4003,
LATU38)4L0C136)
LZ1sMD1yM1oKLy N1 NODE]L ,1Q1 (36} ,M0CLE36]),
LZ2:MD2,M2,K2yN2, NODE2Z2,1Q2(36},M0C2{36)

£ FRNT / LZsMD MO, KQNQ,LOTLI50},L0CT{150)
7 PRNY / IPO,IP1+IP2+IP3,IPA,IPN,IPS

IF (1Pl <EQ. O} GOTO $9

PRINT 1

0, 01Q1 £1),1=1,NODEL)

PRINT 20.(LQ {XJ).I=1,NODEL)

PRINT 30,{LQT {1.I=1.MD
PRINT 40, (M0OCI{1),1=1,N1
PRINT §0,{MOC2{1),1z1,N2
PRINT 60, (LOC (1),0I=1,N1
PRINT 70, (LOCTUI}I=1.NQ

FORM AT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
RETURN
END

SUBROUT
IMPLICE
COMMON
COMMON
IF (IP2
PRINT
PRINT 1

- - —

(/7 7+6X,3HIQ +2C14 }

i 6Xs3HLQ o 2C(4 )

{ EXe4HHLY o 2014 )

{ EX s 4HMOC 1y 2014 )
{ 6Xs4HMOC 29 2014 )

{ 6Xe4HLOC o 2014 )

[ 6X,4HLOCT, 2014 )

INE PRNT2
T REAL*8 [A-H,0-2)
/ FRNT / LZyMD MQ.KQ,NQ,LQT(I50),LOCTI150)
/7 PRNT /7 IP0D,APL.IP2,IP3,1PA,IPN,IPB
«EQ. 0} GOTO SS
1.l
Oy (LRT (1),I=1,MD}

PRINT 20,{LOCT{I),1=1,NQ}

FORMAT
FORMAT
FORMAT
RETURN
END

(LML, 5Xy ZHLZ 14 )
t X, 4HLQT , 2004}
t 66X 4HLOCT, 2014}

LT



10
20
93

10
99

100
9%

SUBROUTINE PRNTA {A,8,NOyNQ,NT)

IMPLICIT REAL%8 [A-H,0-2)

DIMENSION A(I)},Bl1},NO{1).Q(150}

COMMON / PRNT / IPO,IP14IP2,IP3,[PA,IPN,IPB
IF (IPA .EQ. G} GOTO 99

PRINT 20

00 1 I=1,NT

Qi1)=0

PRINT 106 (A1 }oI=14NT},BI1)

IF { NOEQ.l ) GOTO 99

0O 2 K=2,NQ

El=K~ 1

[2=NO{K}

132 T24NT~K

PRINT L0, ¢QEE =131, 0A¢0),1=012,13},8(K)

FORMAT { 6Xe3HA , 2CF6.0 )
FORMAT {IHO}

RETURN

END

SUBRQUTINE PRNT3 ( N1,LOC )
IMPLICIT REAL¥E8 (A-H,0-2)
DIMENSION LOC( 1)

COMMON 7/ PRNT / 1PJ¢IPL+IP2,IP3,1PALIPN,LIPB
IfF {IP3 LEQ. ©) GOTO <9
PRINT 10, {LOCEY ), 1=1,NL)
FORMAY { /16X, 3HLOC, 2014 3
RETURN

END

SUBROUTINE PRNTB { B.NQ )
IMPLICIT REAL®8 (A-H,0-1)
OIMENSION B{1}

COMMON / PRNT / IPJyIPL1s1P2:]P3 IPAJIPN,IPB
IF £ IPB.EQ.0 ] GOTO SS9
PRINT 100,{8€1),1=1,NQ}
FORMAT { /+6X42HB +» 20F€.0 )
RETURN

END

SUBROUTINE PRNTNO ( NT.NC }

IMPLICIT REAL*E (A-H,0-Z}

DIMENSION NO{ 1}

COMMON / PRNT 7 1PD,1P1,1P2,1P3,1PA,LPN,IPB
IF { IPNLEQ.O J GOYO $%

PRINT JOOGNT,(INOCILY I=1,NT}

100 FORMAT {&Xy 2FNT o 14e /46X 2HNDy 2014}
99 RETURN

END

SUBROUTINE OVER 4
IMPLICIT REAL®8 (A~-H,0-1)
COMMON/CV/NUMEL ¢ NUP TSy NUBP TS, IBANDP 4MBAND ,NBLOC,NDFRE VI FLAG, LVECT,
I ITEMP,NLVT, ISTRAN
COMMON/SS/ IGEN 1 SHEAR , JSHEAR ,RRED+IREACT ,NTRUSS, JS1G, TRQT
COMMON  1Q(4)« NODES, NTYPE ,NQUADs NTRI, 1C[400}, BX(6,430},
PP400, 61y DUy ADC 3,4}, BD(3,4)y TDI(3,36)y TRI(3,361,
FQE303, 43¢ XMQU 3, 3,40y THISI 2 TPCLS594+5) 1 TPL TP2+PXG1121,D11sD1 20
D22+4D33,EM,PX1{1341,5(37+13),
PTL13Y, PX2L152)y OBIS), XMI{3,3), XB{3,3), SM(3,3},
SBE3.33, 2T03,3,4), GLU3,3,4), ZQ13,5), GQE3,5},
SCOND{ L5844 ) e PXI(9) 4X(4) YA
CIMENSION SIGNUE),SIGU3,5) 4580 4) ,STU4)} s TEMPIS 5} ,EDI&,41,
1 DULIS{119),0L437(437)
EQUIVALENCE (DU,DULISI 1)) «(DU,DU43T(LY)
DATA SIGN /lasleyQ0aly=luy-1a./
REW IND2
REWIND3
REWIND4
IS¥TRAN=Q
L0 7 LV=1,LVECT
REW INDS
IF € NTRUSS.EQ.NUMEL ) GOTO S&

L N R T
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Cuunva INITIALIZE PP, THE MATR1X STORING AVERAGED MOMENTS AND STESSES«ecese R=TR{1,L+2}
00 1 I=1,NUPTS CS=DSURT (C*# 24R %82}
I¢Ci1)=0 C=C/CS
00 1 J=1,86 R=RZCS
1 PP{YyJ)=0. C2=0sC
CuoenesSUM OVER NUMBER OF ELEMENT Sevevuvnnovrunacnssnsvnnsasncanvanvcnces S2=R*R
IF ( 1SI6 .GV. O )} GO TD 800 SC=R*C
PRINY 9041V C2K52=C2-52
PRINT 93 F=SMi1yd )
GO YO 56 G=SMI2,J1)
BOO PRINT 8OI,LVY H=SM(3,J)
PRINT 802 . [F{NTYPEL.LE.Q} GO TO 30
NEL = O ZT014J4K }=F
56 D0 50 JQ=1, NUMEL IT{20d4K)=6
READ(9) 1Q.NUDES,NTYPE,NQUAD ZIT{3.4,K)=H
BACKSPACES GO 1O 40
READ(S) MOy I{EDIT,J1,1=1,NOFRE} ,J=1,NCDES) 30 ZT{IyJeK)=CRAF+5S 4G~ 2. ¥SCHH
CALL LDISPU ED,IQ,BX,NDFRE,NODFS 1 ZT (2, 4K 1= S2¥F+C2¢G+ 2, ¥SC*H
BACKSPACER ITE3ed oK }=SORIF-GI+L2M52%H
IF ( NODES.GT.2 ) GOVQ 55 40 F=5B8{1,J}
REAU{%)} DULLY G=S8{2,3}
10031=4Q H=58(23,J)
IF ( LY.EQ.1 ) WRITE{2) (1Q11),1=1,3) GlU1l,JyKI=C2¥F S 2%G—2, *¥S5C *H
EF{ LY LEQ. 1 ) WRITEL2) DUILY GLE2¢JeK1=S2%F+C 2G4 2.4 ¥ 50 ¥4
GOTO 50 10 GLE3:J K )=SCH(F-GIeC2MS2¥H
55 REAC(9) DU437 1FINDDES .EQw%} GDYD 13
THISY = DU 00 12 J=1,3
IF ¢ NTYPE.GY.0) READ(S) X»¥ DO 12 I=1,3
DO 8 I=1,NODES GRUIyJ =Gl 1,J,1)%0B{J}
K= 1Q¢ 1) 12 ZQEI+ =218, J, 13eTHL L)
8 1CIK )= ICIK ¥+l Gora 15
§F { ISHEAR.EQ.&) READIS) SCOND 13 00 14 I=1e¢3
IF { NODES .EGa.%) REAO(91 S Cewern COMPUTE AYERAGE MOMENTS ANC STRESSES FOR QUAD.wevececmenirpsmasnsse
If { NODES LEQ.4%4) READ(9) PT GQUI.131=(6G1 1yl 1) eGRUT+2,41)2.5%08(1)
Coena COMPUTE INTERIOR NODAL PT. DI SPL. FOR QUAD. AND NODAL PT. GISPL. F GQ(I,2)={GlEI,2, 1)+G 11T, 1,2)} %.5+0B(2)
CouwenwTRI« IN ELEMENT COORDScancovnonosscannnonncovanrsconnsobonstnnnnasacs GRUI,3)=(G1(1+2s2)¢G111, 1,333 %.5%08(3)
IF (THE(5).LT..000001) GO TD 50 GOUIy4)=(GLE1,42:+334GL(]1,1,4)}%.5%0B14}
IF (XMOI 1y 1410l T.o001 <OR. XMO(2+241).LT7..001) GO TO 50 GRUI5)=(GIE s, 114600142, 2)+GE1143,3)34GL U1 (3,411 %,25%DBi5)
CALL GDISPL IQUEL 1)= (200 L, 1 L4200, 2040 ) *  S*TH(1)}
CuewesCOMPUTE AND TRANSFORM ELEMENT STRESSES AND MONMENTS danasaccannnosns ZAUL, 2)=(2 T 1e 2y L342T(L 41,2} ) *u S4TH{2)
00 11 J=1,5 ZOUE 3)= (270 0,2,2)+ZT (14 143)) #.5¥TH(3)
11 OB{J)=TH{J)I**3/12. QUL %)= (ZT0E,2,3)42ZTELs144)) % 5%TH{4])
00 10 NTRI=1,NQUAD 14 ZQ{T45)=(ZT0 193y 1IZTCI o34 234 2TU143,3) 42710 43,4} ) * 25%TH(5])
IF ( NTYPE.LE.O )} CALL MEMBR CeeeedPRINT AVERAGE MOMENTS AMD STRESSES FOR QUADww.ssncoccosmecoonsswan
TEINTYPE .GT« O} CALL MEMBQINTRLI »X:Y,PT, XM TRC,TP1,TP2) 15 PRINY 101.JQ
CALL MOMTR ( G, ISHEAR } NPT=3
Do &6 1=1,3 IF(NODES .EQ .4} NPT=%
0a 6 J=l.2 NQ = 1
SB{I,J3=0. IFINPTEQ.5.ANCLIGEN.GTL 2) NQ = 5
SM(T.d1=0. DO 10 I=1,5
0D & K=1,3 P 00 70 J=1,4
SB{YsJI=SB{ Le JHHXMQUI, Ko NTREI £XBIK,J T3 TEMPLL,J)=TPLEled,LV)
& SMITyJ)=SME L, JI+XMQUI,KyNTRED 2XM(XKJ) 00 71 I=1,5
K=NTR I TEMP(1,5)=(TEMP{ I, 1) +TEMP(1,21+ TEMPLI ,3)+TEMPIL,4)) /4.
KK=(NTRI-1})%9 IFINPT LEQ. 3) TEMPLI5)={ TEMPII J1 1+ TEMPIL 4 2)}+TEMP{1,.3}1/3,
DO 10 J=1,+3 71 CONT INUE
L=KK+(J~11)%3 ALP=TP2
NS=1 PR=012/011
IF { N5.GT.0 ) L=KK+& [f § ISEIG GT. Q0 ) GO YO 60

C=TR{1,L +1) DO 3 L = NQ, NPT

9.1



ATEMP=4 ,#{ TEMPL 1, L)+ TEMPL3, L) -2.%TENMPI2,L) 1/ {TH{L) *+2}

BTEMP={TEMPI |, L)-TEMP{3,L})/TH{L}

CTEMP=TEMP( 2,0}

MRES= EMSALPRBTEMP*{ THIL I *##3) /{12.%().-PR})
NRES= EM*AL P { ATEMP R THIL ) *%3/12,3+CTEMPSTH{L})/(1.—PR)

GQUlel )=GQU14L I~MRES
GQI2,sL)=GRI2,L)I~MRES
IQE1,L =200 1¢L }-NRES
ZQU2,L 1=2Q(2,L}-NRES
M=0

TF(L.LTL5) M=1Q(L)

3 PRINT 20 (4GQUT s Jd ) ad=L oL ) o 1=1¢3) 4 [{ZQUL s J) s J=LsLl} 41=1,3), M
CvawewAUD NODAL POINT MOMENTS AND STRESS RESULTANTS IN PPuves

DO 16 J=1sNODES
K=1Q(J)
DO 16 L=1y3
M=( #3
PPAK,L I=PP (K, LI+GGIL v )

16 PPAK s MI=PPIK,MI+ZQIL vJ)
GO TO 50

60 CONTINUE

CovanaCOMPUTE STRESSES AT EACH NODE

DD 81 LL=NQ,NPT
IFCISTRAN LEQ. 0) GO TOD 99

CueswaCOMPUTE EXX AND EYY AT TOP SURFACE ONLY.

00 86 IL=1,2

[ SOTROPIC MATERIAL.

86 SIGCILy1)=2QUILLL)/THILLY + (GOCIL,LL)I %6 /THILLI*%2.)

EXX=SIG( 1y L)/ER ~ PR*SIG(2,1) /EM
EYY=SIG{ 20 1)/7EM ~ PR#SIG{1,1) /EM

99 DD 80 II=1,%,2

STTEMP=EMXALPATEMPIELsLL) /{1.~PR}

DO 80 IL=1,2

STGUIL»ITI=ZQEIL L) /THELL) #{GQE L LL) »6./THILL) #22)%SIGNLTT)

SIGUILy L1d=SIGL AL, LI ¥~ STYEMP

80 SIGI3. 11 )=ZA03LL I/THILE) +(GQEI, L LY 26, /THILL) #%2 ) S TGNITLY

M= G

IF {LL.AT.S ) M=5Q(LL)
IFCISTRAN LEQ. Q) GO 10 98
PRINT BIL.EXX,EYY, M

811 FORMAT(S5X, 21HTOP SLRFACE STRAINS,EXX AND EYY,2E12.4,

1 GUFOR NODE=,15)

98 PRINT 810 ((SIGUIL IUY,IL=0e3)yli=1y542)4M

810 FORMATIIX, IP9ELL.3,14)
IF [ LL.LTWN®T) GO TO 81
IF { NPT.EQ.5 )} GOTO €2

Chase s AVERAGE THE STRE $S RESULTANTS FOR TRI. ELEMENT

DO 85 IL = 1,3

GQUIL+S) = (GQUIL ¢ 1)+GQUIL,2)+GQUIIL,3)) /3,

85 ZIQUIL, %)

82 CONTINUE
WRITE{4) JQ
NEL = NEL*1
DO 83 Il = 1,45.,4
00 84 L = 1,2

(ZQUIL 1) ZQUIL, 2342Q01L,333/3,
TH(S} = (THULITHIZI+THE 2D /3,

SIGIHIL T I=ZQUIL S}/ THISI4(GAUIL +5) %60 /THIS) ##2) #SIGNILT)
SIGUILs EL)=STGEIL, I I—EMOALPRTEMPIIL,5) /(1. ~PR)
84 SIG(3: I1)=ZQ0 3, S)/THISI+(GQI3,5) 6. /TH(51 #82)4SIGNLIIT)

FACL = (SIGUL,T11)1+SIG(2,11)1%0.5

FACZ = DSQRTU({SIGIL,TII-SIGE2,113)1%0.5) *#2+S1G{3,11)%%2)

a7

83

81

50
20

-~

823
822
824

825

632
730
20
101
91

92
93

9k
95

$S{1) = FACL+FAC2

$51{2) = FACL-FaC2

$S{3) = (SSt1)-8St21)/2.

IF { $502) .EQ. SIGU2,11) 3 GOTO A7
SS5(4) = —~57.27272723%DATANISIGI3,11) /(S1G(2,11}~-551(2)))
GO0 10 88

55(4) = 90.

WRITE(4) S§S

CONT INUE

CONT INUE

CONTINUE

FORMATEIX, IPSELL«3,14)

IF { NTRUSS .EQ. NUMEL ) GOTO 825

IF {IGEN.GT.2) 60 T0 7

IF € IS1IG .GT. Q) GOTO 7

PRINT 91,LV

PRINT 92

DO S5 [=1,NUPTS

XpP=1C(1)

IF (XP.EQ.C.} GO TD €

00 4 J=1.6

PPULeJI)=PP(1,J)/XP

PRINT L1041 {(PP{K4L)sL=Leb)eK=E,y1)
CONT (NUE

CONT INUE

IF { [SIG.LE.Q) GOTO 824

REW IND4

DO 822 LV = LlsLVECT

PRINT 820,LV

PRINT 821

DO 822 JJQ = Il+NEL

READ(4) JQ

READ{4) SS

READ{ &} ST

PRINT 823,JQ+5S5,5T
FORMAT (14, 1IPBEL1.3)

CONT INUE

CONT INUE

IF { NTRUSS.EQ.O ) GOTO 8000
REWIND2

REW IND3

0G 700 LV=1,LVECT

REWINDZ

PRINT 94,LV

00 600 JQ=1.NTRUSS

CALL AXIAL ¢ Q,1Q.8X

IF € Q.LT.0.0 ) PRINT G5,1Q(3),0Q

IF { Q.GE.0.0 } PRINT $651Q13),0Q
CONT INUVE

CONT INUE

FORMAT{ 1HI» 2X,38HELEMENT STRESS RESULANTS FOR LOAD CASE, 14}
FORMAT {12H ELEMENT NO.I4,50X,4HNODE}
FORMAT {70HIAVERAGED NODAL STRESS RESULTANTS,W.R,.T.,SURFACE COORDI
INATES,LOAD CASE, 14}

FORMAT {SHONODE 2X,2HM2 SXsZ2HM] 9X,3HMI2 8X.2HNL 9X2HNZ 9X,1HS}

FORMAT { IHO 2Xy2HM2Z SX,ZHMI 9X,3HMIZ BX,2ZHNL 99X, 2HNZ 9X,1HS /)
FORMAT { 1HL. 7X, 43HAXIAL STRESSES FOR TRUSS ELEMENTS LOAD CASE,{4)
FORMAT (7X,23HAXIAL STRESS FOR MEMBER,IS,2X,2HIS,E12.4

+ 1IMCOMPRE SSION )

LLT



96 FORMAT { TX, 23HAXIAL STRESS FOR MEMBER,15.,2X,2HISE12.4
. ¢« THTENSION 1
110 FORMAT{14,1P6E11.3)
90T FORMATI3014)
801 FORMAT (1H1, 2X«43HELEMENT STRESSES LTOP-BOTTOM) FOR LOAD CASE, 14}
BOZ FORMATIL1HO,2X2HN1 39X, 2HNZ 3 LOX s 1H S 48X (2HNL 49X ,2HN2 49X 41 M5,/ )
820 FORMAT(1HL,2X,4SHPRINCIPAL STRESSES (TGP-BOTTOM) FOR LOAD CASE, 143
821 FORMAT {SHOELEM, 2X, 4HSMAX s TXe4H SMIN, 8X 4HTMAX ySX s IHANG 48X+ 4 HSHAX » TX
- » GHSMIN, 8X, 4HTMA X5 X+ AHANG)
8000 CONTINUE
PRINT 330
330 FORMAT{1H1,25HNODAL PUOINT DISPLACEMENTS 1}
DO 331 K=1.,NUPTS
331 PRINT 332,K,{BX{J.K)yJ=1,NOFRE}
332 FORMAT { 14, 1PGEL3.5 )
RETURN
END

SUBROUT INE GDISPL
IMPLICEIT REAL®8 {A~H,0~1)
COMMON 1Q{4}s IXLCLI4NTYPE ¢4NOUAD 1 X2{401) +BI& 400) ,PX1(24251},
1 TO(3,36), TR{3,36), TOQU3.3,41, PX2(1501, UMI5,4),
2 YMUSs4)s BP{9s4),s PX3(58), S{37.131, PTI13), R2(13),
3 PL39), DU5,5,4), PX4lS12)
00 99 I=)1,5
D0 99 J=1,95
00 99 K=1,4
99 D(XyJdyK)=D.0
P=1Q(1)
JP=1Q12}
KP=1Q(3)
IF(NQUAD .EQ.4) GOTO 10
DO 15M = 1,3
P IM =TO(M, 1, 1)*B (1, IPI+TQIM,2,1)%B8{2,IPI+TQ(M,3,1}+B(3,1P)
P{M*5 }=TQ(My 1y 2)%B {1y JPI+TQIM2,2)*BI2+JP)+TQIM,3,21#B(3,JP)
15 PIMe10)=TQIM 1, 31%B{ 1 KPI+TQIM+2,3) *BI2,KPI+TQ{M,3,3)*B(3,KP)
DO 17 M=4,5
N = M-3
P{M J= TQIN, Ly L)*B U4, IPI+TQINZ 1) *BI51PJ+TQIN,3,11%B{6,1P)
P{M+5 )= TQIN,1,2)*B{ 4, JPI+TQIN,2+2)%B15,JP1¥ TQIN,3,2)%B16,.P)
17 PIM+10)= TQUN,1+3)*B(4,KP)+TQIN, 2,31 *B {5 KPI+TQIN:3,3)2B(6,KP)
DO 98 M=1,5
O(M, 1, 1)=P(M}
DMy 2y 1)=PIMe5)
98 Di{M, 3, 1)=PIM+10]
GOTO 12
10 LP=1IQ(4)

CusvesGROUP DISPLW OF CORNER NODES IN Pacecesavraracconsasansncsssnrnonas

D0 1K= 1.3

P 1= TRIM 1, 1)B 0L IPIHTQIM, 2,1 04B(2,[PI+TQIM,3,1)%B{3,1P]}
PIM4S 3=TQIM, Ly 2)*B{ Ly JPIeTQIM 2 42) %0 (24P} +TQIM,3,2)%B(3,JP}
PIMAIO =TOIR, Lo 3IABE L, KP)I+TQIM,2,3) #BI2 KPI+TQ(M,3,312813,KP)

1 PUIMAL1SI=TQUMs 14 1%Bl L P+ TQIN,2,41 2B (2,1 P}+TQIM,3,4)%*B{3,LP)

DO 16 M=4,5
N = M~-3
P(M = TQ{Ny Ly 1)*B (4, IP)I+TQIN2,11*B(5,IPI+TG{N:3,13%B 6y (P

PIM+S )= TQIN, 15 2)*%B 14y JP)+TQINsZ+2) ¥B{5 «JPI+TQIN+3+2)%B (64 JP}
PINSIO)= TQIN,143)8BLA KP4+ TOIN2 33 *B(5 KPI+TQIN,3 3)%B{b,KP}
16 P(M#15)= TQ(Ns1,41*BLAsLPI+TQIN 2,4} *BIS,LPI+TQIN,3,4])*Bi6.LP)
Conass COMPUTE DISPL, AT INTERIOR NODESscavesersanccacnsecvansascnvannans
DO 13 [=6413
13 R2{1)=0.0
NDOFC=13
IF { NTYPE.GT.0 } NDOFC=S
PO 3 I=1,NDOFC
L=19+1
R2UII=PTUTI:/SiL+1,1)
00 2 K=1,L
2 RZTLI=R2{II-SIK, 1 )P {K)
3 plI+20)=R21 1) .
CovaasSTORE ALL THREE DISPL. COMPONENTS AT MID SIDE NODES IN Povrwnevess
00 5 I=1+4
J={I-11%2
K={1-11%3
P(K+26)=R2(J+6)
S PIK#2TiI=R2{3+ 1}
plzal={p{ 3)+PLZ2))/2.
PI3L)={P( 81+P(23)}/2.
PL34)={P{13)+P{22))/2.
PLATI={PL1B)+P122}))/2.
Ceasnes STORE DISPL, COMPONENTS FOR EACH TRIW IN Dacvenswnrevessascnosssses
DO & I=1,5
DileLe 13=PLT )
Dile 2+ 11=P{1+5}
Bllsbo L)=PEI+28)
DEfsSe1)=PL 1425}
D3 L3=PL 1420}
Clly142)=PL1+5S }
Dile2s2)I=P( 1+10])
Dily4y 2)=PL1+31)
DEIs 5, 2)=P{ 1428}
DULy3,23=P{1+20}
DIy 1e3)=P{1+10)
Di1s2+3)=P{1¢15)
DEly4e3)=P{ 1+34)
0(1e5:3)=P{ 1+31)
DUIs3,33=PL 1420}
D1y I24)=PLL+15)
ODtle2,4)=P( 1 }
Olls4e4)=P [+25}
D{ls5+4)=P{ 1+34}
& Dtle3,4)=P{1+20)
Ceess TRANSFORM NODAL PT. DISPL. TO ELEMENT COORDSevwnonvvasncnannovenan
12 DO 8 K=1,NQUAD
KK=[X~1}*x9
DO 7T J=1,5
FF{JLTa4) L=KK+{J-1)%3
UMD oK I=TDU Lo LA L I%D L L do K34 TOL Lo Le2 #D L2, dy K+ TDUL L4320 (3, U, K)
VMUJ K I=TDE2,y Lol )20l Led KI#TOU2,L 421 %062, JyK)+TO{2,L23)%D{(3,J,K)
TF{J.GT.3) GOTO 1
I=(J-1)*3
BPUI41sKI=TDE 2, L)% Ly d oK)+ TOI3 4L 42) %D{2, J e K}+TDIB,L+3)4D(3,J4K)

23FET?
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BPUI#2,KI=TRU LyL+1)%D{ 44 JyKI+TR{1,L+2) *0{5,4,K}
BPCI 43, KI=TRE2yL 41320049 JaK)+ TRU24L42)%D(S4J4K)
CONTINUE
CONT INUE
DO 20 I=1ly 4
JEI-11%2
K=({[-1)%5
PT(J+1)=P(K+1)
20 PT{J+21=P(K+2)
RETURN
END

© -

SUBROUTINE MEMBR

INPLICIT REAL*8 [A-H,0-1)

COMMON  EX1{S)NTYPE yNQUAD /NTRI ,IX2{400) ,PX1(4801),A013,4},

1 BOU3,43,PX2{293), TPL U544 50 s TPL oTP24PX6 (17} JUMIS 14} VM5 ,4),

2PX3(363,U(51), vis), PX4{699), XM(3,3), PX51498)
CevaseGROUP MEMBRANE DISPL. IN U ANO Viuecusavansesssonconnonmsnasesnssaa
DO 1 I=1+5

ULII=UMLI,NTIRI)
1 YII)=VM{[+NIRL)
ConvroeRODIFY STRAIN DLISPL. MATRIX IF ELEMENTT IS A CS5Tucevncvncvnamanonns
IF{NQUAD.EQ.4) 6GOTD 2
Ut4l=tul 2)+u( 3372,
VI4)={Vvi2)+vi31)/2.
ULSYI=tul 1+ 3} ) /2.
VIiSi=(v{l1lsvi3})2/2,
Coumas COMPUTE STRAINS IN X DIRvavncnneonussananonsnovacosnannmananonssns
2 AREA2=—~1,/7(ADI3NTRI }*BOU1.NTRI}}
E=BOU 1, NTRUJ*AREAZ
A=ADUL+HTRI J*AREA2
C=AQUZ+NTRII*AREAZ
D=AD{3,NTRI J*AREA2
ITEST= NTIR[+]
IF LETEST.6Ta4) ITEST=1
XMLy 1)=(U(1I-U(2) §*E
AME L1y 235 (04 1)-U( 2] ) *E
XMULy3d=(=UCTI4UC2)+ 4% (U4 +U(S5)) ) *E
Cowav e CDMPUTE STRAINS IN Y DIRuuscevananovavaronsoverrovsnroncncmnsncnass
XMU2y 1)e (A=2,%D )%V 1}4C V([ 2)-DHVI(3)+4 . *D*V(S)
XMU2y 2)=ARVIII4{C—2. %D )2V 2)-D*V(3) +4. #D AV (4)

XM{2e3)=~ARY[ 11~CHVE2)43.4D3V(3) 44, $C 4V (4] +4.*ARVIS)
CovavalONPUTE SHEAR STRAINS:ccacvescnncacmssvvnnnsnornarcensoscstsannons
X3, )= AVEL)-V(ZII*E+C(A-2,80 ) sULLI+CHUL2)~D*UIB) +4 .2 D*UL5)

XM{3 202 IV U1 )-VI 2D PRE+ASUL L)+ {C~2. 20D} #UL 21 ~DAUI(3) +4 . #D*U (4}
XME3, 3 ={-VU1I4VE 2144 .2 (V44 VIS I *E

L ~A*ULLI-CRul 21+ 2.0D3UL3) #4, 20 2U{4 ) +4. *ARU(5)

RETURN

END

o

N
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SUBROUTINE LDISPL ED,IQ,8X,NDFRE,NODES )
IMPLICIT REAL*8 (A~H,0-2)

DIMENSION I1QUA)+ED(€,4),8X(6,400)

00 1 K=1,NDDES

L=1Q(K}

DO 1 [=1,NDFRE

BX{IsLI=ED(I,K]}

RETURN

END

SUBRQUTINE MOMTR { NBF,[SHEAR )

IMPLICIT REAL®A {A~H,0~7]

COMHON  IX117), NTRI, I1X20400)+ PXI(4801) . AD(344), BO(3,4],
1 PX20 4521, BP(9,4), PX3(10), RU12}, Al3), B(3), U(3),
2 HT(3), TX(3), TY(3), Q(3,6), PX4{660), XBI(3,3),
3 PX5(120)y SCOND(1S,6+4)y C(B), DI(3)

DIMENSION IPERM(3),NKN(2,3)

DATA IPERM/2y3, 1/ NKN/2¢5, 842, 5,8/

00 2 I=1,9

RUEI=BPLI,NTRI)

IF { ISHEARLNE.6) GOTO 1@

00 6 Ixl,6

Cl1)=0.

L= B+l

DO 3 X=1,L

CLEI=CE 1I=SCONDUK, 1, NTRI J #REK)

REI+491=C( 1)

R21=R{2)-CL4)

R{51=R{5)~CI{5)

R{BI=R(BI~CL )

R{3I=RE314C(1)

R{BI=RIE14+C(2)

RU9I=R{9)+CL 2)

00 1 I=1,3

DEl)=0.

BOI1=B0( [.NTRI )

A(13=AD( [.NTRI)

IF  ISHEAR.NE.&) GOTO S
00 4 J=1,3
DULI=DIL1I+B(JI*C(J)

DIZI=DEZIvA(IIRCLS+3)

DIII=DI3I4ALIIFCUII+B(JI 401 Jo3)

AREA = A(I1#%B(2)-A(2)%B{3)

00 120 I = 1,12

J = [PERM{I}

X = AUTY®®24B([)%#2

UTT) = ~{TATTI®ACJ 48U 1Bl J)) /X
X = DSQRTIX}

TXUI) = O.5%AL1)/x

TYil) = -0.548(1)/x

HILI) =  4.0%AREA/X

Al = A{1)/AREA
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120

140
140

Bl = B{1)/AREA

A2 = A(J)/AREA

B2 = BLJI/AREA

Ql1.1) = B1xB1l

QL. 1} = Al¥Al

Q(3,1) = 2.¥AL1%B1

QUL 1+3) = 2.%819282
Qi2,143) = 2.%A1%A2
QE3,143) = 2. %(A1%B2+A2#81)

M = 12 - NBF

IF (M.LE.O} GO 7O 160

00 140 N = 1,M

K= 13- N

L1 = NKN{1,N}

L2 = NKN{Z.N}

RIK) = (RELIIHRIL2IIFTX{K~9J¢ (RULI#LI+REL2+1) ) *TY (K~9)
DO 200 I = 1,3

J = IPERM({I}

K = IPERM{J)

IT = 3%

JJd o= 3%y

KK = 3%K°

AZ = ALJD

A3 = A(K)

BZ = B(J)

83 = BIK]}

uz = UtJ}

U3 = UK}

W2 = 1.-U2

W3 = 1.~U3

C21 = ={2.4MZ1¥B2~(2.+U3)*B3
€22 = BR*W2-BI¥U3

C31 = ~(2.4WZ1¥A2-(2.+U3) %A3
C32 = A2%W2-A3%U3

CS51 = 4.%D3~B2+B3%K3
C52 = B2-B3%W3

Co1 = 4. *AT-A2+AI*NI
C62 = A2-A3%W3

C81 = B3~&.*B2-B22U2
€82 = B2%U2-83

€91 = A3~ ¥AZ-A2%U2
C92 = AZ2¥U2-A2

coz2l ~B2-(3.+U3)¥8 3
co22 B3+(2.,+W2)*B2

€031 = —A2-(3.+U3)*A3

€032 Ad+(3.¢W2)*A2
DO 200 N = 1,3
Qll = QIN,£)
Q22 = Q(N,J)
Q33 = Q(N,K}
Q12 = QIN,1+3}
Q23 = Q(N,J+)}
Q31 = QIN.XK+3)
QI = Q22-Q32
Q2 = Q22-Q23
Q3 = Q33-Q23
Q4 = Q23401

Q5 = Q23-Q1

XB(Ns T} = (~6.%QLLI+3.%{1U3-W2)*QL+{ U3+W2)%Q23) } *R(1]~2)
1 + 602243, ¥ WAL FRUII-2] + {6, %Q3343,.%¥Y2+Q5) *¥R(KK—-2)
2 +H(C21%Q 1+C 22%Q 2344, %(B2%Q31-83*Ql2]) *RUII-1)
3 + LC3IQL4C32%0 23+ 6, ¥ (A2%Q31-A3%CL2)) *=R{II)
4 + {CS1HQ 2240 52%Q3) sR{VJ-1) + (L61¥Q224C62%Q3) *R(JJI)
5 + (CBL*Q334C £2%Q2) *REKK~1) + {CI1*QI3+(I2#Q2) *R(KK)
& + HTUK J¥Q4*R(K+S5) + HTLJ)#QS*RII+9))/2.

200 XBiNs 1)==XB{N,I }~DIN])/8REA
RETURN
END

200

300

400

SUBROUTINE MEMBRUINTRI ¢ Xy Y«P XV, TEMP,TPL,TP2}
IMPLICIT REAL*8 (A-H,0-Z)

DIMENSTION X(4}s Y(4ale PCL3), XMU3,3) 4 TEMPIS 44)
DIMENSION EPSX{4)y EPSY(4)y SSUA), TT(G), LOC(Z,4)
DATA LOC /7 Ly 2y 2y 3¢ 35 4y 40 1 /

DATA SS /- leslasley=le/e TT /~tuy—larvlasla/
IF(NTRI.GT.1) GO TO 300

R12 = Xx(1} - xt2}
R13 = X{1} — X{(3)
R14 = XU1) — x({4)
R23 = X(2) - X(3)
R24 = X(21 - X(4}
R34 = X{3) - X(4)
212 = ¥(1) — Y2}
13 = yil) — Y(3)
114 = ¥(1} - Y(4)
123 = ¥Y(2) - ¥(2)
224 = ¥Y(2} - Y(&)
Z34 = Y(3}) — Y(4)

VOL=R1IMZ24-R24%213

CALY QMSC2 { RIF R264,T13,724,VOL X5, X65XT¢X8,Y5,:Y6,Y7,Y8 )
EPSXY = XS#P(L)+YS#PL2)4X6%PL 3) +YSRP L)+ XT*PIS Y THPLH)+XB¥P(T ) +
. Y 8xp(8)

00 200 1 = 1, 4

CALL QMSCY ¢ SSUET.TTIE)sR12,R13,R14,4R23,R24,R36,212,713,714.+223,
B L269Z36,VOL o X1 X259 X3 9X4 3 XC oYL Y2 ,¥3 (¥4 YLy XJAC X1y
. (23 s XUZ o XT4) o YUL) 5 ¥(2) oY {3 4Y {4} )

EPSXET) = YI®P( L)+Y24P(3)+YI*P(5)+Ya*P (T}

EPSY(L) = X1#PL2)+X2#%P(4}+X3%P{6)+X4*P(8)

SXAV = { EPSXILI+EPSX{2)+EPSX{3)I+EPSXI4) 1 * 0.25

SYAV = { EPSYI[L)+EPSY(2)+EPSY{3)I+EPSY(a)} )} ¥ 0.25

D0 400 I=1, ¢

L = LOCEL,NTR])

XM{1s I)=EPSX(LY)

XM{2, I }=EPSY(L)

XM(3, 1) = EPSXY

XM{1,3)=5XAV

XM 2y3)=5YAV

XM{3,3) = EPSXY

RETURN

END
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SUBROUTINE QMSCL ( Sy T,R12,R13,R14,R23,R24 ,RA4,212,+213, 214,223,

22442345 VOL o X1 o X294 X320 X8 ,XE oY1 ,Y2 ¥ 3 ,¥4 ., YL KJAC,R14R2, SUBROUTINE AXIAL { Q.1Q.BX )
- RAR4e21,22413,24 ) IMPLICIT REAL*8 (A-H,0-2}
IMPLICIT REAL*8 (A~H,0-1) COMMON ZAX 7 THQE4) sANGsTPCUS5+4,45) s TPLTP24X1%) oY {4),2{4}
Connne THES ROUTINE 15 CALLED BY QMS STIFFNESS AND STRESS ROUT INES DIMENSION IQUA4),BXI64400)
Xd =VOL+S*¥(R34%212-R12#234)1+T*{R23%214—R14#%223} READ(2) (1QUI3,1=1,3}
XJAC=XJ78.0 READ(2) THQWANGTPC, TPL.TP2,X,Ys2Z
SM=1.0-5 XP=X(2)-X{ 1}
$P=1.0+S YP=Y(2)-Y( 1}
TM=1.0-T IP=2(2120 1}
TP=1.0+T Q=DSQRT { XP*XP+YPXYPIZIP*IP }
XLI= (~R2Z4+R 4% S+R 23¥TY /XJ X1=XP/Q
X2=0 R1I3-R34*S-R1I4*T} /XS X2=YP /Q
X3=0 R24~R12%S+R1L4*T)} /XJ X3=12pP/Q
X4={~R134R12%5-R23#T} /XJ M={Q{1}
Yi=l 2260~734%5-223%11/XJ N=1Q(2}
¥2u ~2 1342 34%S4Z 14%T /XS XR=BX{LyNI—BX( LyM)
Y= ~22442 12% 52 14*TH/XJ YR=8X(2,N)-BX[2,M)
Yasd Z13~712%54¢7223%T}7XJ IR=BX{3,NI-BX(3,M)
RSE=Q.25%(~TMAR 1+ TM*R 2+ TP 2R3~ TP*R4) Q= {XI*¥XR+X 2% YR+ X3*ZR ) *THQ( Z) 7Q
25=0,25¢{~TMeZ 1 +TMH2 24+ TP *13-TP%74) TEMP=Q.5%(TPCL3, 1, 1)+TPC{3,2,1}}
R¥=0,256{~SMER 1~ SP¥R 2+ SP#R 3+ SMERS) QI=THQ( 215 TP 2¢TENP
IT=0,25%{~5M*2 1~ SP*Z 24 SP*Z3+SM¥2 4} Q = Q-~QrI
XC=—2 D% { T SMASP*R S~ SETMATP#R T) /X JAC RETURN
YC= 2.0%({ THSMESPH] G- S* TN TP*ZT) /XJAC END
RETURN
END

SUBROUTINE QMSC2 { R13,R24,713,224,Y0L+X5,X6,X7 +X8,¥5,Y6,Y7,Y8 }
IMPLICIT REAL*8 (A~H,0-1}
Covana THES ROUTINE (S CALLED BY QM5 STIFFNESS AND STRESS ROUT [NES
Y5 = 724/vOL
X6 = R13/vOL
XT = RI4/V0L
Y8 = 213/v0t
X5 =~X7
Y6 =-Y8
Y1 =-¥$
X8 =-X&
RETURN
END
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