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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. 
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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 

environment 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. 
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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 predict temperature induced 

stresses and movements for complex bridge-type structures. Thermal forces are 

calculated 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. 



IMPLEMENTA TroN STATEMENT 

As a result of this research two computer programs, TSAP and SHELLS, 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 SHELLS 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 SHELLS (Chapter 4); 

(b) an example problem for input and output for program TSAP 
(Append ix I); 

(c) an example problem for input and output for program SHELLS 
(Append ix 2); 

(d) a listing of the IBM version of program TSAP (Appendix 3); and 

(e) a listing of the IBM version of program SHELLS (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 

fu tu re in tere s t. 

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 200-3000 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, It 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 
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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 SHELLS, were dev~oped 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. 
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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. It 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 

J:esults, 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, El 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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Fig 1. Cross-section of highway bridges. 



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 
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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. Stud.ies 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). 

qnd 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. 
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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 (SHELLS) 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. In 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. In 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). In 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 
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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 

lati tude • Local 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, can only 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. 



Month 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TABLE 1. AVERAGE MAXIHUM TOTAL INSOLATION 
IN A DAY ON THE HORIZONTAL SURFACE 
(1967-1971) AND LENGTH OF DAYTIME 
(AUSTIN, TEXAS) 

Insolation Time(CST) Length of 
2 

(btu/ft ) Sunrise (A. M. ) Sunset (P. M. ) Daytime (hr.) 

1500 7:30 6:00 10.5 

1960 7:15 6:15 11.0 

2289 6:30 6:30 12.0 

2460 6:00 7:00 13.0 

2610 5:30 7:00 13.5 

2631 5:30 7:30 14.0 

2550 5:30 7:30 14.0 

2380 6:00 7:00 13.0 

2289 6:30 6:30 12.0 

1925 6:30 6:00 11.5 

1570 7:00 5:30 10.5 

1329 7:30 5:30 10.0 

9 
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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 

is higher in winter than in summer. In January, the range is 450 F, while 

340 F is found in August. 

Wind is known to cause an exchange of heat between surfaces of the bridge 

and the environment. 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 



Austin, Texas 

Normal 
Month 

Daily Daily 
Max. Min. 

JAN 60.3 40.5 

FEB 64.0 43.5 

MAR 70.6 48.7 

I APR 78.0 57.3 

MAY 85.2 64.9 

JUN 92.0 71.7 

JUL 95.1 73.9 

AUG 95.6 73.7 

SEP 89.7 68.5 

OCT 81. 9 59.5 

NOV 69.6 47.9 

DEC 62.8 42.6 

TABLE 2. NORMALS, MEAN S AND EXTREMES (REF 39} 
LATITUDE 30° 18 ' N, LONGITUDE 97° 42 ' N 
ELEVATION (GROUND) 597 FEET 

Temperature 

Extremes Mean 
Monthly Record Year Record Year Hourly 

(Av. ) Highest Lowest Speed 

50.4 86 1963 12 1963 9.9 . 
53.8 87 

1

1962 22 1967 10.2 

59.7 96 1967 23 1962 10.9 

67.7 98 1963 39 1962 10.9 

75.1 99 1967 52 1968 10.2 

81. 9 100 1967 55 1964 9.6 

84.5 103 1964 64 1968 8.7 

84.7 105 1962 61 1967 8.3 

79.1 102 1963 47 1967 8.0 

70.7 95 1963 39 1966 8.1 

58.8 89 1963 31 1966 9.1 

52. 7 84 1966 21 1966 9.2 

-

Wind 

Fastest Mile 

Speed Direction 

47 
I 

N 

57 N 

44 W 

44 NE 

47 NE 

49 SE 

43 S 

47 N 

45 I NE 

47 mol 

48 NH 

49 NH 

Year 

1962 

1947 

1957 

1957 

1946 

1956 

1953 

1959 

1961 

1967 

1951 

1956 

...... 

...... 
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between the bridge boundaries and the environment 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 environment 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. Its 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 environment 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 
= h (T - T ) c s a 

where 

2 
Qc = heat loss by convection, btu/ft /hr 

T = surface temperature, of 
s 

T = air temperature, of 
a 

hc = convection film coefficient, 

= 0.665 + 0.133u btu/ft2 /hr/
o
F and 

u = 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, h 
c 

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/oF 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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TABLE 3. SELECTED AVERAGE VALUES FOR THE 
SENSITIVITY ANALYSIS (AUGUST) 

Average total insolation intensity 

Air temperature distribution 

Wind speed 

Absorptivity of surface to solar radialion 

Emissivity 

Thermal conductivity 

Specific heat 

Unit weight 

Depth 

Modulus of elasticity of concrete 

Coefficient of thermal expansion 

2380 

Fig l2a 

10 

0.5 

0.9 

0.81 

0.23 

150 

17 

4.25 X 106 

6.0xlO- 6 

PREDICTIVE RESULTS (3-equal-span-bridge) 

Maximum top surface temperature 

Maximum temperature gradient 

Maximum reverse temperature gradient 

Maximum tensile stress (bottom half) 

Maximum tensile stress (top) 

Maximum compressive stress (top) 

Maximum vertical deflection (downward) 

Maximum mean bridge temperature range 

120 

30 

7 

239 

318 

818 

0.125 

35 

btu/ft 2 

mph 

btu/ft /hr rF 
btu/lbrF 

Ib/ft3 

inches 

Ib/in 2 

in/in;oF 

psi 

psi 

psi 

inch 



Average 

Insolation 

Absorpti vi ty 

Conductivity I 

Specific heat 

Density 

Wind speed 

Thickness 

Range of air 
temperature 

Insolation 
(Eq 3.1) 

TABLE 4. 

Temp. 

THE EFFECTS OF A 10% INCREASE IN O~lli.VARIAB1E AT A TIME 
ON TEMPERATURES ~~ STRESSES IN A THREE EQUAL SPN~ 
CONCRETE SLAB BRIDGE (AUGUST) 

Temp. Tensile Compo Reverse Tensile Vertical 
(top) gradient stress stress gradient stress(top) deflection 

0/0 0% 0/0 0% 0°1 '0 Ole O'i; 

2.5 10 9.2 8.1 0 1.6 9.6 

2.5 10 9.2 8.1 0 1.6 9.6 

-0.8 I -3.3 -0.8 I -3.3 
I 

0 I -2.5 
I 

-0.8 
I 

-0.8 -3.3 - 2. 9 -0.1 0 - 2.5 -2.4 

-0.8 -3.3 -2.9 -0.1 H--2.5 -2.4 

-0.8 -3.3 - 2.1 -1. 5 o 0 -2.4 

0 0 -0.8 3.3 0 -0.3 -11. 2 

1.7 0 2.1 3.1 14.3 4. 7 0.8 

3.3 13.3 9.2 11. 4 I 0 
I 

0.3 10.4 

Hean bridge 
temp. 

0% 

2.9 
I 

2.9 

0 

- 2.9 

- 2.9 

0 

-5.7 

2.9 

-0.3 

I 

...... 
U1 
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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 environmental 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 Sunnner 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 environmental 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 environmental 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 environmental 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 sunnner 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 sunnner 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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TABLE 5. CLIMATIC CONDITIONS IN THE STATE OF TEXAS 
AS RECORDED DURING THE YEARS 1961-1971 
(SUMMER CONDITIONS) 

i Maximum Daily Maximum Range of I Average 
Insolation, Air Temperature, • Wind Speed, 

City Month btu/ft2 of mph 

June 3025 24 13 I 
rJl Q) 
c: ..... 

July 2800 24 10.2 ;?; ..... 
0°-" 
l-I ::-
P=l 

August 2707 27 9 

June 3077 30 9.2 0 
rJl 
iii 

July 2980 32 9.0 p., 

..... 
r.Ll August 2770 33 8.5 

June 2900 29 10.6 
w"c 
l-I 4.J July 2880 29 10 o l-I 
rx.. 0 

I 

::>; 

August 2766 30 9.8 

June 2870 30 10.0 
"0 
C 
iii July 2860 32 9.8 ..... 
"0 ..... 
;:?:: August 2680 35 9.0 

June 2750 
0 

30 12 
0-" 

c: c: July 2710 29 11.4 iii 0 
U)4.J 

C 
<: August 2490 30 10.4 

DAILY VARIATION OF AIR TEMPERATURE 

Time 06 07 08 09 10 11 12 13 14 15 16 17 
a.m. noon p.m. 

Brownsvi lIe of 76 79 83 89 90 91 92 92 92 92 91 90 (June) 

E1 Paso of 55 63 70 77 85 89 90 92 94 95 93 92 
(June) 

18 

88 

91 



cities are shown in Table 5. In 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. 
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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 0 F is found between the top and the bottom temperature at 2:00 p.m. 

At this time, the top surface is approximately 200 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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d 
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4:00p.m. 

80 90 100 110 120 -800 -400 o 400 
Temperature (0 F) compression Stress ( psi) tension 

Fig 3. 

(b) 

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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Temperature (OF) 

70 80 90 100 
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(a) EI Paso - June 

-1000-800 -600-400-200 0 
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200 400 600 
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Fig 4. Temperatur-~ induced s tresses for a one-, two-, and 
three-span s lab bridge with thickness of 17 in. 
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Temperature induced stresses for a one-, two-, 
and three-span bridge (January, Austin). 
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Thermal Effects in Composite Precast Pretensioned Bridges 

A typical interior girder, Texas standard type-B, of a composite precast 

pre tensioned bridge is shown in F 6. The bridge is made continuous 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 section. 

The concrete thermal properties which were used are given in Tab 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 

200 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 90 F occurs 

between the exterior and the interior face at the bottom portion of the beam. 

Figure 7(a) also shows that altbough 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
0 

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. In 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 resul 

from the summer conditions of the city of El Paso are shown in Fig 9(a). 

The predicted maximum temperature gradient is 31
0 

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 90 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 70 F. 

The temperature induced stresses in a simply supported bridge is shown in 

F lOeb). 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. 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. Its 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 

of 490 Ib/ft
3 

• The average thermal properties of structural steel are 

coefficient of thermal expansion 

thermal conductivity 

specific heat 

6.5 x 10- 6 

26.6 

0.11 o 
btu/lb/ F 

Figure l2(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
0 

F. 

In addition, the top surface temperature is about 21
0 

F warmer than the 

surrounding air temperature. Reference 48 reported this value to be 20
0 

F 

to 30
0 

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 l2(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 l2(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 100 F during the next hour. Temperature and stress distributions through-

out the depth are shown in F 13(b). It 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 14(a). In contrast to 

the hot sunny afternoon, the top slab temperature is only 100 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 50 F 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 
o 

rise and fall of the bridge temperature from an assumed temperature, 60 F, at 

the time of erection is 45
0 

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. 
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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 ~ 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 l5(a), was analyzed by using the 

three-dimensional program SHELLS. 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. In 

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 lS(b)) was 

236 psi from the one-dimensional analysis and 2S0 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 IS percent 

increase near the sides of the bridge at the center of the interior span as 

shown in Fig lS(c). Also, as seen in Fig lS(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 l6(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 l6(a). Figure l6(b) depicts the distribution of longitudinal stresses 

along the top fibers at the center of the interior 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 IS 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 

temperature 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 s measurements 

dur 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 bear 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 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 read was taken using two observations of the micrometer 

with the inc linometer reversed end- for-end between the two read ings. This 

provides a self-checking system for the read 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). 
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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 107.10 F. Normally for that time of the year and clear 

weather, one would expect slab temperatures as high as 120-130
0 

F (39). 

The maximum slope changes recorded were from inclinometer stations 

located at the northern abutment. Despite the undesirable testing conditions, 
-4 

a maximum slope change of 5.73 X 10 was measured. This compares with a 

1 h f 5.63 X 10-4 
maximum s ope c ange 0 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 860 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 20 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 ls-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 

Dens ity 

Thermal conductivity 

Specific heat 

Fig 20 

Fig 20 

10 mph 

86° F 

0.5 

0.9 

150 lb/ft3 

0.81 btu/ft/hr/oF 

0.23 btu/lb/oF 
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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, 

although 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 l7-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 SHELL8) 

used for these analyses are shown in Fig 23. 

Boundary conditions used in the static analyses are as follows: 

(1) vertical movement restrained at all pier supports and nodal 

points along both end abutments, and 

(2) rotation about the surface coordinate S2 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 S2 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 sides of 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 • 
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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 Sl' the 

computer results were transformed so that they too were about the Y-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 

pier 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 pst 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 (1). 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 f I ( 1) ) • 
c 

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. o 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. 
o 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/oF 

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 

hou rs. 
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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 br 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 environmental 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 analysis 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 IV, have automatic mesh 

generation options in order to reduce and simplify the task of prepar input 

data. The program TSAP is divided into a main program and three subroutines. 

Overlay features are utilized to save storage in SHELL8. In 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. DOUBLE 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, y , for example, as shown in F 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 into 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 Element 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 environment 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 h 
c 

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 

I integer value (must be packed to the right of the 

fie ld) 

F floating point number (must be punched with a 

decimal) 

2.1 Title Card 

Co ls. 1-70 (A) Problem identification 

2.2 Control Cards (Two cards) 

Card 1 

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

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

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

16-20 (I) Number of convective boundary conditions 

(s idewise, 200 max) 

25 (1) o if external heat flow is specified 

1 if nodal temperatures are specified 

26-30 (I) Number of nodal points with specified external 

heat flow or nodal temperature (200 max) 

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

40 (I) o for no stress computation 

1 for stress computation 

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

1 if both M and M are considered 
x y 

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



Card 2 

Co Is. 1-10 (F) 

11-20 (F) 

21-30 (F) 

31-40 (F) 

41-50 (F) 

Time increment (fraction of hour, assumed 

constant in the problem) 
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Uniform initial temperature for all nodal points 

Absorptivity of the top surface 

Emissivity of the material 

Span ratio (= -1 for 1 span; 

1 for 3 equal spans) 

o for 2 spans; and 

Two cards per element type must be input. 

Material properties are assumed constant over each individual element. 

Card 1 

Cols. 5 (I) 

Card 2 

Cols. 1-10 (F) 

11-20 (F) 

21-30 (F) 

31-40 (F) 

41-50 (F) 

51-60 (F) 

61-70 (F) 

71-80 (F) 

Element material type 

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

Conductivity in the Y -d irec tion 

Conductivity in the XY-d irec tion (for 

material, X = Y and XY 0) 

Specific heat of material (btu/lb/oF) 

Density of material (lb/ft3 ) 

isotropic 

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 n~dal points and coordinates along the line must be 

constant. 

Card 1 

Cols. 1- 5 (I) Nodal point I of straight line 

6-10 (I) Nodal point J of straight line 

(J = I if no generation in J-direction) 
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Cols. 11-15 (I) Nodal point K of straight line 

(K = I if no generation in K-direction) 

16-20 (1) Increment between successive nodes in the 

J-direction 

21-25 (1) Increment 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 fo llowing 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 (F) Y-coordinate of nodal point K 

2.5 Element Nodal Point Number and Material TYEe 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. I- S (1) Element number II 

6-10 (1) Last element number to be generated in 

JJ-direction (JJ II if no generation) 

11-15 (I) Last element number to be generated in 

KK-d irection (KK = II if no generation) 

16-20 (1) Element material type 

21-25 (I) 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 (I) Element number increment in JJ-direction 

(= 0 if JJ = II) 

46-50 (1) Element number increment in KK -d irec t ion 

(= 0 if KK = II) 
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Co ls. 51-55 (I) Element nodal point increment in JJ-direction 

(= 0 if JJ = II) 

56-60 (I) Element nodal point increment in KK-direction 

(= 0 if KK= II) 

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. 

Co ls. 1- 5 (1) Nodal point I 

6-10 (1) Nodal point J 

11-15 (1) Increment between success ive nodes 

21-30 (F) Nodal temper a ture or external heat flow intensity 

or total solar rad ia tion intensity in a day 

If item 4 is the total solar radiation in tens ity 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. 

Co ls. 1- 5 (I) Nodal point I 

6-10 (I) Nodal point J 

11-15 

21-30 

(1) 

(F) 

Increment between successive nodes 

Film coefficient (h = 0.663 + 0.133u 
c 

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.B.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/ft2/hr). 

However, if item 4 in Sec. 2.6 is the specified nodal temperature, then input 

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. 

Use of the Program SHELLB 

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). In 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. In 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. 
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a. Partial three-dimensional view. 

3 5 7 

b. Partial finite element idealization. 

Fig 36. Box girder bridge. 
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NINCR = 7 

Fig 37. Regular mesh with nodal and element numbering. 
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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 F 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 Sl' S2' and S3 (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 

either Sl or S2 is normal to the skewed support in order to ensure zero 

rotation normal to that support (see also Appendix 2). In such problems, 

IF LAG 1 in 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 ax~s x 

is directed along side I-J while the axis y is perpendicular to x and 

lies in the plane of the element and is directed toward node K. The axis z 
is constructed normal to the plane of the element to complete a right-handed 

system for the coordinates x , y , and z . 
Another local coordinate system (1\ ' T2 ,and ~) 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 

~l bisects sides 1-L and J-K, while T2 bisects sides I-J and K-L. Positive 

directions for 111 and ~2 are shown in Fig 40. Subsequently, 1h is 
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x 

Fig 38. Surface coordinate systems for box girder bridge. 



-x 

+ANG (See Sec. 2.7) 

Z, Z (+out) 

Fig 39. 

Fig 40. 

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

El and E2 . 

i, n3 ( normal to n - ii 
I 2 

plane) 

! "2 n
2 ( in n l - "2 plane) 

z.;..~~-- +ANG (See Sec. 2.7) 

J 

Definition of f-coordinates for quadrilateral 
and orientation of orthotropic moduli, 

Eland E2 . 
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cons truc ted norma 1 to the Til - T2 P lane and then 'f2 is taken norma 1 to 

the l1l-~ plane to complete the right-handed system (111' ~, 'Tb)' 
These two local systems, i.e., element and Trcoordinates, must be con

sidered in specifying orthotropic material orientations (i and y) 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 (CLST) 

Bending stiffness An assemblage of four bending elements 

as per a 

c. Planar Quadrilateral Element 

Membrane stiffness. 

Bending stiffness 

A refined membrane element (QM5) 

• 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: 

Dl - Translation in either global x-d ir. or surface ~l-dir., 

D2 - Translation in either global y-dir. or surface ~2 -d ir. , 

D3 - Translation in either global z-dir. or surface ~3 -d ir. , 
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D4 = Rotation about either global x-d ir. or surface Sl-dir., 

D5 - Rotation about either global y-d ir. or surface S2 -d ir. , 

D6 - Rotation about either global z-d ir. or surface S3 -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 ~

direction for the triangle while input positive pressure for the quadrilateral 

is assumed to produce loads in each subelement which act in the positive ~ 

direction for a planar quadrilateral. For a nonplanar quadrilateral, positive 

pressure on each subelement produces loads which have positive components in 

the direction of ~ ; however, in this case, components will result in the 

111 - ~ plane, since the normal component for each subelement is not exactly 

parallel to ~. 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, express ions 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 input 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, x to ~l and x for the quad

rilateral and triangle, respectively. Positive angles are indicated in 

F 39 and 40. 



where 

The stress-strain relation referred to the principal elastic axes is 
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To simplify the input, the following material constants will be defined: 

E = ~ mean modulus; 

p = modulus ratio; 

\) mean Poisson's ratio; 

= - 1 fictitious Poisson's ratio 

associated with G12 • 

The in-plane stress-strain relation in the principal elastic axes becomes 

= .;p OX \) ex 

= E II Jp Oy = --- \) ey 2 
1 - \) 2 -- I-\) --

'1xy 
2 (l+\)G 12) 

"(xy 
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The moment curvature relation is obtained by multiplying this matrix by 

t 3 j12 , where t is the plate thickness, and by associating a factor of two 

with the twisting curvature. 

If the material is isotropic, ::: \! 

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 

fie 1d) 

F = floating point number (must be punched with a 

decimal) 

4.1 Title Card (A) - Alphanumeric information for problem 

iden tifica tion 

4.2 Control Card 

Co1s. 1- 5 (I) NUMEL Number of elements (2000 max) 

6-10 (I) NUPTS = Number of nodal points (400 max) 

11-15 (I) NUBPTS = 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 (I) IF lAG = Base coordinates for translations: 

If 0, translations and rota tions 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) IS HEAR = This field must be left blank. 

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



Cols. 46~50 (I) IREACT 

51-55 (I) LPROB 

56-60 (I) IGEN 

61-65 (I) ISIG 

66-70 (I) IROT 

71-75 (I) I TEMP 

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. 
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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 = ° , 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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76-80 (I) NLVT 

4.3 Nodal Coordinate Cards. One 

If 1, element temperatures are to be 

input. 

Must be 1. 

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 larges t number must be input last. 

Co Is. 1- 5 (I) Nodal point number 

21-30 (F) Global x- coord ina te 

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, S3 is automatically constructed by a 

cross-product of Sl and ~2 ,and S2 is then determined by the cross

product of S3 and Sl to insure a right-handed orthogonal system. 

If IF LAG in Sec. 4.2 is 0, 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 IF LAG 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) LIM 

11-15 (I) MOD 

21-30 (F) Component in global x-dir. of unit vector Sl 
~', 

31-40 (F) Component in global y-dir. of unit vector Sl 
41-50 (F) Component in global z-d ir. of unit vector Sl 
51-60 (F) Component in global x-dir. of unit vector g2 ** 



Cols. 61-70 (F) Component in global y-dir. of unit vector S2 

71-80 (F) Component in global z-dir. of unit vector g2 

*If Cols. 21-50 are left blank, input cosines for 

)\-*If Cols. 51-80 are left blank, input cosines for 

are suppressed. 

are suppressed. 
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The suppression option allows one to redefine one set of previously 

established cosines (either from input or generation options) without changing 

the other at a given point. Note that S2 is an approximate value to S2 . 

If LIM > I and MOD> 0 then the direction cosines of points 

I + MOD , I + 2)\-MOD , . . . , LIM 

will be set equal to these specified for point I. 

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

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

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

Cols. I- S (1) Element Number N 

6-10 (1) Element nodal point I 

11-15 (I) Element nodal point J 

)',*16-20 (1) Element nodal point K 

*21-25 (1) Element nodal point L 

26-30 (1) NINCV = number of elements in direction of 

nodal numbering; see Fig 37. 

31-35 (1) NINCH = number of layers with similar element 

nodal numbering; see Fig 37. 

*A triangular element is assumed if Cols. 21-25 are left blank. 

)'c-l,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)'CNINCH - 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. 

Co1s. 1- 5 (I) Element material type 

11-20 (F) Mean modulus = ~ 
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Cols. 21-30 (F) Modulus ratio = E/E
2 

31-40 

41-50 

(F) 

(F) 

Mean Poisson's ratio ~ 'V12 'V2l 

Fictitious Poisson's ratio = [Nz/(2G 12 )] 
51-55 (F) Field must be left blank 

56-60 (F) Field must be left blank 

61-70 (F) Thermal coefficient of expansion 

- 1 

71-80 (F) Initial temperature distribution - uniform 

temperature throughout the thickness and over the 

surface of the material (TINIT). 

4.7 Element Property Cards. One card per element, except when mesh 

generation options are used. 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 (I) Element material type (see Sec. 4.6) 

11-15 (I) LIM 

16-20 (I) MOD 

21-25 (I) 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). 

31-40 (F) Thickness at node I (or cross-sectional area for 

a truss member) 

41-50 (F) Thickness at node J 

51-60 (F) Thickness at node K 

61-70 (F) Thickness at node L 

71-80 (F) ANG = Angle in degrees between principal elastic 

axis and element coordinates; see Figs 39 and 40. 

If LIM> N and MOD> 0 , then the element type, thjcknesses, and ANG 

of elements 

N + MOD , N + 2 *MOD , . . . , LIM 

will be set equal to those specified for element N • 
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4.8 Element 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. I- S (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 I 

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 , N + 2 ~'<MOD , . . . , LIH 

will be set equal to those specified for element N • 

4.9 Nodal Tempera ture Cards. If ITEMP = 0 as spec if ied in Sec. 4.2, 

item 15, then temperatures must be input by nodal point numbers for all nodal 

points. If NLVT = 0 , then all nodal point temperatures must be input as 

zero. 

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

6-10 (I) LIM 

11-15 (1) MOD 

21-30 (F) Temperature at top surface at node I (TT) 

31-40 (F) Temperature at t/4 below top surface at node I 

(TT4) 

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

(TM) 

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

(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 

Card 2 

Card 3 

Card 4 

Co1s. 1- 5 (I) Element number 

6-10 

11-15 

21-30 

31-40 

41-50 

51-60 

61-70 

(I) LIM 

(I) MOD 

(F) TT at node I of element generated 

(F) TT4 at node I of elements generated 

(F) TM at node I of elements generated 

(F) TB4 at node I of elements generated 

(F) TB at node I of elements generated 

Co1s. 21-30 (F) TT at node J of elements generated 

31-40 (F) TT4 at node J of elements generated 

41-50 (F) TM at node J of elements generated 

51-60 (F) TB4 at node J of elements generated 

61-70 

Co1s. 21-30 

31-40 

(F) TB at node J of elements generated 

(F) TT at node K of elements generated 

(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 

Co1s. 21-30 

31-40 

41-50 

51-60 

61-70 

(F) TB at node K of elements generated 

(F) TT at node L of elements generated 

(F) TT4 at node L of elements generated 

(F) TM at node L of elements generated 

(F) TB4 at node L of elements generated 

(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. 
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If LIM> I and MOD> 0 , then the temperature at points 

I + MOD, I + 2 ~'<MOD , LIM 

will be set equal to those specified for Node I. Temperatures need not be 

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

card must be used to terminate this data set. 

4.10 Boundary Condition Cards. One card per nodal point having a speci

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

ation options are used. Boundary condition cards need not be input in 

numerical sequence. The six degrees of freedom are ordered as follows: 

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

7 (I) 1 for specified value for Dl; 0 otherwise 

8 (I) 1 for specified value for D2; 0 otherwise 

9 (I) 1 for specified value for D3; 0 otherwise 

10 (I) 1 for specified value for D4; 0 otherwise 

11 (I) 1 for specified value for D5; 0 otherwise 

12 

13-15 

16-18 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

(I) 1 for specified value for D6; 0 otherwise 

(1) LIM 

(1) MOD 

(F) Specified value~'< for Dl 

(F) Specified value for D2 

(F) Specified value for D3 

(F) Specified value for D4 

(F) Spec ified value for D5 

(F) Specified value for D6 

*Specified value may be nonzero. 

If LIM> I and MOD> 0 , then values for points 

I + MOD , I + 2-J<MOD , . . . , LIM 

will be set equal to those specified for element I. 

4.11 Control Card for Elastic Supports 

Cols. 1- 5 (I) Number of points with elastic supports (max 50) 
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4.12 SEring Constant Cards. If the number of points with elastic 

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

need not be input in numerical sequence. 

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

6-10 (1) LIM 

11-15 (1) MOD 

21-30 (F) Spring constant for Dl displacement 

31-40 (F) Spring cons tan t for D2 displacement 

41-50 (F) Spring constant for D3 displacement 

51-60 (F) Spring constant for D4 rotation 

61-70 (F) Spring cons tan t for D5 rotation 

71-80 (F) Spring constant for D6 rotation 

If LIM > 1 and MOD > 0 , 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 (1) 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., P.D. , i = 1,6 . 
l l 

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 (1) Nodal point number I 

6-10 (1) LIM 

11-15 (1) MOD 

21-30 (F) Value of PI which corresponds to Dl 

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 PS which corresponds to Ds 

71-80 (F) Value of P6 which corresponds to D6 

These cards need not be input in numerical sequence. 

If LIM> I and MOD > 0 , then loads for points 

I + MOD, I + 2 ~'~MOD , 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 adjacent 

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 Sl and S2' 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 (1) Node I of straight line 

6-10 (1) Node J of straight line 

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

20 (I) ;;; 1 

21-30 (F) Global x- coord ina te of point I 

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

y 

~ i = PRO,-'ECTION 
OF X INTO 

J x-y PLANE 

I 
Z (l}---.------ea- X 

EQUAL INCREMENTS ALONG STRAIGHT LINE 

I 

Fig 41. Straight line. 

1\ m = . MID-POINT OF CIRCULAR ARC 

~x 
J-I ~ m ~_e--~ 

J 

EQUAL INCREMENTS ALONG CURVE 

Fig 42. Circular arc. 



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 
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The straight line is subdivided into (J-I)/K equal parts and the intermediate 

global nodal coordinates are computed. 

The two sets of direction cosines are computed by 

a. Assuming Sl is in the direction from point I to point J. 

b. Assuming S2 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., S2 - Y 
(Fig 41), and by ensuring a right handed system for X, y, z. 

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

hence Sl' then y and S2 would be reversed in order to maintain a right-

handed system without changing the direction of S3 In the case where Sl 

is parallel to z (either direction), then S2 is assumed to be in the same 

direction as the global y-coordinate. 

5.2 Circular Arc (Fig 42) (Two cards) 

Card 1 

Cols. 

Card 2 

1- 5 (I) Node I of circular arc 

6-10 (I) Node J of circular arc 

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

20 (I) = 2 

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

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

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

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

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

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

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, y, z is constructed as follows: 

a. ~ is positive from I to J. 

b. z is positive from n, a point equidistant from I and J, to point m, 

the midpoint of the circular arc. 

c. y is established by a cross-product of x and z (+inward as shown in 

Fig 42). 

Surface coordinate direction cosines are computed by assuming 

d. Sl lies in the plane x-z and is tangent to the circular arc at each 

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

e. S2 is assumed to be in the positive direction of y. Note that if 

the nodal point numbers had increased from right to left in F 42, 

y, and hence S2' 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) 

Cols. 1- 5 (1) Node I of parabola 

6-10 (I) Node J of parabola 

11-15 (I) Increment between successive nodes K 

20 (I) 3 

21-30 (F) Global x- coord ina te of origin point 0 

31-40 (F) Global y-coordinate of origin point 0 

41-50 (F) Global z-coordina te of origin point 0 

51-60 (F) Local 'X-coordinate of point I 

61-70 (F) Local x-coordinate of point J 

71-80 (F) Largest absolute value of Z. and Z. 
1 J 

Card 2 

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

from x to x 



I 
1+1 

RESTRICTION:! PARALLEL 
TO z. 

y 

z 
EQUAL INCREMENTS ALONG X 

Fig 43. Parabola. 

z 

o 
J 

J 

O V ~ ______ ~ __ ~ ______ ~x 

EQUAL INCREMENTS ALONG CURVE 

F 44. Ellipse. 
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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, y, and z is constructed as follows: 

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

b. z is parallel and in the same direction as z. 

c. y forms a counterclockwise angle of w+ 900 from the global 

x-axis. 

Surface coordinate direction cosines are computed by assuming 

d. Sl 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. S2 is parallel to and in the same direction as y. 

5.4 Ellipse (Fig 44) (Two cards) 

Card 1 

Co ls. 

Card 2 

1- 5 (I) Node I of ellipse 

6-10 (I) Node J of ellipse 

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

20 (1) = 4 

21-30 (F) Global x-coordinate of origin point 0 

31-40 (F) Global y-coordinate of origin point 0 

41-50 (F) Global z-coordinate of origin point 0 

51-60 (F) Local ~-coordinate of point I 

61-70 (F) Local ~-coordinate of point J 

71-80 (F) Distance, a, from 0 to ellipse along ~ 

Cols. 21-30 (F) Distance, b, from 0 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 x, y, and z is constructed as follows: 

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

b. z is parallel and in the same direction as z. 



c. Y forms a counterclockwise angle of w+ 900 from the global 

x-axis. 

Surface coordinate direction cosines are computed by assuming 

d. Sl lies in the plane x-z and is tangent to the ellipse at each 

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

e. S2 is parallel to and in the same direction as y. 
Restriction: z must be parallel to the global z-axis and angle 

IOJ < 1800 
• 

5.5 Incremental Generation - Type 1 

Co1s. 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-dire 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 

This card causes (J-I)-,"LIM points to be generated as follows: 

X +XINC,'<L 
-1(-MOD 

= Z +ZINC>'<L 
K-MOD 

= 

and 

== 

(Sl)K-MOD 

(S2 \-MOD 

where L = 1, 1, LIM, and K = (I+MOD>"'(L-1)) , 1, (J+MOD>'«L-1)). 

This option assumes that XINC, YINC, and ZINC are constant for all 

generators considered. Also, nodal numbering as for a regular mesh is 
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assumed as shown in Fig 45. Assuming that Line 1 (Fig 45) had been generated, 

then the following would generate the remaining Lines 2-6: 
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Line I 
Y 

t 
4 

3 

2 

z (I-J 

y 

t 
4 

3 

2 

z (~ 

Line 2 

1 
8 

7 

6 

5 

Fig 45. 

8 

7 

6 

5 

Fig 46. 

Line 3 Line 4 Line 5 Line 6 

t t t 1 
12 16 20 24 

" 15 19 23 

10 14 18 22 

9 13 17 21 .. X 

Sample for nodal point generation. 

.. Line 4 
12 16 20 24 

.. 
II 15 19 23 

Line 3 

10 14 18 22 ... Line 2 

9 13 17 21 X ... Line I 

Sample for nodal point generation. 



where 

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

ZINC 

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 

31-40 

41-50 

(F) 

(F) 

(F) 

XINC } 
YINC 

ZINC 

same as for Type 1 
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This card causes «J-I)/MOD)i(MOD>'(LIM points to be generated as follows: 

~ ~ +XINC''(L -1 ( Sl)K (Sl\-l 

Y
K 

= Y +YINC'\-L and (S2 )K ( S2\-1 K-l 

ZK = Z +ZINC'\-L (S3\ (S3 \-1 K-l 

L = 1 1 LIM and K = (1+L-l) MOD (J+L-l) . , , , , 

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, LIM = 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. If on the card for element N (Sec. 4.5) we specify 

Cols. 26-30 (I) -MOD 

31-35 (I) NLAY 

36-40 (I) LAS TEL 
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then elements N + NlAY , N + 2N*lAY, ••• , lASTEL will be constructed by 

adding MOD to the nodal numbers of each preceding element. If lAS TEL 

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. In 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 environmental conditions are considered to take place on a clear night 

followed by a clear still day with a large change in air temperature. 

105 
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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 El Paso. In general. it was found (39) that extreme summer 

conditions which result in compression at the top of the section with tension 

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. In 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 L AN EXAMPLE PROBLEN FOR INPUT AND 
OUTPUT FOR PROGRAN TSAP 

A one-span concrete slab and girder bridge subjected to daily temperature 

effects, as shown in F 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 lb/cu.ft, a specific heat of 0.23 

btu/lb/oF, and a thermal conductivity of 0.81 btu/ft/hr/oF. 

By taking advantage of symmetry of the structure, only a small portion of 

the cross-section was used in the finite element 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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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 

8A~PLE PR08LEM • TSAP • fT.8TU-fAHR.PSI • CODED 8Y A,YARGICOGLU 
aQ 34 I 10 0 0 S I 0 I 

1,0 70, 0,5 0,q -I, 
I 

0,81 0,81 0,0 0,23 150,0 0,0 3H0000, 0,000000 
I 2 I' 0 

11,8 2,75 e,l5 2,75 0,0 2,375 
3 al 0 

1,5833 2,75 1,8333 2,75 1,5833 2,375 
5 0 23 0 

1,1'" 2,75 1,5 2,15 1,IoH 2,375 
25 25 25 0 II 

0,5833 2,2083 
26 28 2' 3 

1,8333 2,20B) 1,5 2,2083 11,8333 2,01241 
32 G7 32 0 

l,q583 1,7083 1,3815 e,l 1,'5U 1,71183 
33 a. 33 • 1,22QlS 1,71183 1,44315 Y,II 1,22"5 1,7083 
sa q, ]0 0 

1,5 I,Te83 1,5 0,1 1,5 1,1083 
I , II 1 • 2 I 5 I & 

I. Ib I. 2. ZI 20 25 
11 IQ 11 25 U 22 ZI I 
20 2e 20 2' 2& 25 2' 
al 22 u 2'" 31 17 2. 2 

I • I 22',5 
I • I 1,8& 

I' 20 I 1,8. 
20 25 5 I,.' 
25 2Q a I," 
2' 47 S I," 
G7 q, I l,e. 

11, 
2e', 
85, 
333, 
I', 
31J7, 
'e, 

35'. 
92, 

3B, 
no~ 

TABLE 8 

SAMPLE PR08LfM • 
4q 3_ I 

1,0 70, 
I 

0,81 0,81 
I 2 Iq 

0,0 2,!5 
3 al 

8,5833 2,75 
5 0 23 

1,IoU 2,15 
25 25 25 

0,5~33 2,2~83 
2. 28 zq 

11,8333 2,2083 
]2 47 32 

0,q583 1,7083 
33 48 33 

1,22Q15 1,1083 
J4 4Q 34 

1,5 I, ?e83 
I 5 II 

10 10 I. 
17 I' 17 
20 U 20 
21 22 33 

I 0 I 
I & I 

I Q 20 I 
20 25 5 
l5 ,. 
2. 47 
47 . , 

n, 
85, 
8'. 
U, 
92, 
'4, 
'5, 

STOP 

TSAP • FT-~TU.FA~R-P51 

! b " b 7 I 
0,5 0,q 

0,0 0,23 
0 

11,25 2,75 
0 

0,8333 2,75 
0 

1,5 2,75 
0 

1,5 2,2083 
0 

1,3875 0,0 
0 

1,44375 0,0 
2 

1,5 0,1 
7 8 2 I 

25 21 21 25 
25 2& 22 21 
2Q 2& 25 2Q 
2' 30 27 2& 

2Q.Z,0 5,5 
1,8b 
1,8& 
1,8& 
1,8. 
1,8. 
1,8 • 

• CODEr By A,YARGICOGLU 
~ I 

-I, 

150,0 0,0 3H0~00 , 

0,0 2,37~ 

0,5833 2,375 

1,1&07 2,375 

0,8333 2,01247 

0,q583 1,7083 

1,22Ql5 1,7083 

1,5 1,1083 
I 5 I & 

0 

2 
1',5 8,11 

t-' 
t-' 
(Xl 

~.0'l0i""'& 



TABLE 9 

S;, .... PLf "''''IHlll~ ,. 

"" 3" I 
1.(' 7i< • 

I 
".Kl r,. ~ 1 

I 1 " 
p.~ 2.. 7~ , 21 
". ~""l:~ Z.75 

~ 21 
t.l eb 7 }.7C. 

25 ~5 2S 
Ii!. SM J 3 }. Z"~l 

2' '" ? 
p.~:-'3~ i>.?/I'I,"l, 

3? .7 32 
~. Q'i~ 3 , • 7:!1e._~ 

H "8 33 
1. Z?q, t.; 1.7'""'3 

J. .. J • 
1,5 1.11."1B 

1 ,5 II 
10 '0 ,0 
11 I. 17 
2" 2_ 20-
2 , 22 II 

I , ,. 2" 
2~\ ?S 
25 2' 
2' "7 
"7 ". 77, , 

~5, , 
SQ, 

I 
qi:", 

I 
'2, , 

ST(1P 

l~AV I-T .. Io'dlJ_I-t.,·u=l"f-'Sl" r{ .. [JE:r ~y ~.YARGIcnGlIl 

I ~ '5 1 ~, 1 
p. S 

"'. V , 
!iI.2'5 , 
'0, "333 , 
I ,~ 

• 

'.' 
1,1"" 

" t • IJ I~ 3 7., 
,< 

1,~ 
7 " 25 " 25 zo 

2· 2_ 
2. 3' 

82.'; 
1.8b 
I,ab 
I, Ab 
1. ab 
1.86 
I.Rb 

q~ If! 

1 ~3. ~ 

lU.~ 

Il'3.l1 

117,5 

"·.4 
~', 2~ 

2,75 

? 7~ 

2, IS 

2'. i(.o'fl3 

" ,0 

"," 
" ,0 

2 I 
2" 25 
22 21 
25 2' 
21 2_ 

-1, 

15 04 .1r'1 .,. 
~ ,11 i!. 3 7'1 
_, 5~13 

1. ! &b7 

","3ll 

~. Qr;P,3 

1.?ZQ15 

1,5 
1 

2.375 

2. ]75 

2 ,PlJ za? 

1,71483 

t .7083 

1.7e83 
1 

37Qrp~~, jl'I.0(h"t-'t'b 

TABLE 10 

S;'''PlF ~Pr"1Flll:" ... TSAP • FT .. I1Tt' .. '"AM~ .. PSJ ,. ((tilEr ~y A.YA.RGICOGlU 

,",U,..flf/J Of "'OnAl P(,Ir.TS-- "" J4 NUMBfR OF fU:,..,. .. TS ............ 

NUI-'RER nF Car-.vfCT yn'4 RC- 10 
NU~~FR OF "'ATF..r.oIAlS."--- 1 

7 NU""BER nF' tNCIolF'"'f~ TS ....... -
OUTPl'T P TF.:j.lIIAl- .................. .. 
TJHE l~,TE~nAl ....... .. ,,1'1 .... 

70,~" 

,5" ,". 
1 

-1,~8 

r,",ITTAl TE ... j.lF~ATLJ"E ......... 
A~~HI~H.l T Y -If r T '\( 
E""YSSIII[T.,.-
STRESS OPT YO'" 
SPAN RATYO 

TtoiO nl~f"lSIO"'Al ~lA'.E: Horn ... KY' 
8,1P"E·~t 8.10~E-~1 -, 

N,P, ,",0, CODE 
1 • 0, 
2 • 2.50~HH1~E.01 

1 p 1§,833IiPkI[-"'1 

" • 8.1331r.10i1E,,"1 
5 l,1bb701r'1£.09 
& 1.S0P0~~E+00 

1 9, 
S 2.50"~0~E'-Pll 

• ~,833000E·el 
IB 0 8,lll.~~E.01 
11 B l,lbb7lef.00 
12 0 l,50R000£.0" 
11 • B, ," B 2.5~P0p.eE .. el 
15 5,8331Hlilf"€1 
1_ ",3330PilF- P l 
11 • 1,1&&10m£ ... 
,8 0 l,590tUH~E+'H!I ,. e ", 
2' 9 Z.500B"ilE-.n 
21 • 5.Rll000E-Ol 
22 0 8,333IJP.k!f_Pl 
21 8 t ,1 bb 700[+00 
2- 0 t ,50001'1D£ Hie 
25 .e, 
2& 8.'J33~P'0£-01 
21 1,1 bbb5ltlE+fle 
2" 1 ,5e~""II\IE+Ci'J0 
2· 8,333~00f.~1 

10 1.1bbb5IdE+0~ 
1 ! I, 5elll~11!0E+00 
12 Q,5l13000E-Pil 
II l,22q15~f+~e 

1" l,50k1~~0E+~0 

15 1,a~~lt.1eE+00 
lb '.Z7207~f+1o\0 
17 1 ,50P0~(i',E+[:0 
~~ 1,12CJt;l80f+ tiIl 0 
l' 1,31IJqq~E+IA~ 

UP 1 .1l""~~ll'llf+~~ 

., l,?lSB2111E+~d 
42 1.357Ql":f+N'l 
.1 1.s",r·~HHIE+iI~ 

"" 1.3Ulf)h""E+tt\~ 
.s I. t.I"l'e3~f+'\rI 

"' 1. St-H"',W~E+(H~ 
.7 , • 3t:1Pil't'f +~\~ 
,," 1 I 1I .. 3 7., I'IE +~." 

•• 1. 'J1'I~'JI(.o"'f +1-'11 

0., C 0 
2,1001-01 1,511"E+0Z 

, T 
2, 7500~II\IE+00 l,bl'071E+02 
2,150~0BE+.0 l,b15071f+02 
2, 750000£ +El~ 1.b15e71E+02 
Z,15e8UE+le I,U5ellE+02 
2.75000 i1£ +ee 1,&15811E+02 
Z.75e000E+UI I,OI5011E+02 
2,b2S0IHI[+01 ", 
2.b2501d0E+0l1 0, 
2,b250ge£+00 0, 
2,6250B0E+00 e, 
2, &250UE +00 " 2,U5eUE+ee I, 
2,5"""00E+00 ., 
2,50B.0~E+BB e, 
.z,500p10I2iE+00 ., 
2,50111~"BE+00 0, 
Z,5108"0HU " Z, 51101'1"0£ ."0 ., 
2,3750td0£+e0 " Z.375080£+10 ., 
2 ,315eB 0E+B' " 2,375001£+0' ., 
2,315 •• BE+18 I, 
Z,37500Q11!+00 " .e, 0, 
2,2081UE.Be B, 
2,2083~0E+el2i B, 
Z,,,e8300f+il9 0, 
2."lZ~7eE.0~ ., 
2,0tZ.Q70£+0~ B, 
Z,~t2~70f+a0 ., 
1.70l1380E+0Q1 · , 1, 7083~0E+0i1 e, 
1,708l0Q1£+e0 ii, 
1 ,lbbb~ 0E +"0 e, 
1. 3bbb~0E+0P 0, 
I, 3bbb~0£ +e0 ii, 
l,12~CJ80E.00 0, 
t. e Z~ qlu£ .00 0, 
1."2IJq8i1f+~~ · , 
&,8HZ •• f-ill ii, 
b,833Z00[-"'1 0, 
b,~332~0E-01 -, 
3.t.llbbP0f-~1 ., 
3.t.llbb~{>1E .. el · , 3.lJtbb~~E-0t · , 7.P'St.l27E-15 · , 7."~S~27E"JS · , 1.t~St.l27E"I'J -, 

E" AL 
B, l,7CJ0E+l!lb b ,12I0eE_flb 

t-' 
t-' 
\D 
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APPENDIX 2. AN EXAMPLE PROBLEM FOR INPUT AND 
OUTPUT FOR PROGRAM SHELL8 

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 tha.t 

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, Sl 

and S2' 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 S2 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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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 S2' 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 Sl-direction at nodal point 5 and the displace

ments in both the Sl- and S2-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 (Dl, 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 21> 30 
21 27 3\ 
22 2q 33 
23 30 34 
24 31 35 

31 27 
32 28 
34 30 
35 11 
31> 32 

1,800E+01 1,80~£+01 1,800E+21 1,8m~E+~1 
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iI,0 1>,000E-01> 
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122 I 2 4 4 2 2 4 4 224 4 2 2 4 4 2 2 4 422 4 4 2 2 4 4 2 I 2 2 

CONDITION CARDS, DUPLICATION OF INPUT BOUNDARY 
01,02 AND 03 ARE TRANSLATIONS 
04,05 AND 01> ARE ROTATIONS IN 
PT, 123451> LIM MO~ 01 

IN BASE COORDINATES, 
BASE COORDINATES, 

5 11~000 _0 -0 -0, 
2Q 010000 -~ -0 -0, 

I 001010 4 -0, 
17 001010 20 -0, 
33 001010 31> -@, 

02 03 
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02 03 04 
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17 0 0 I 0 I 0 -0, 
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_0, 
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-0, 
-e, 
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-0, 
-e, 
-~, 

-e, 
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-I .. 
I 

-e 
NUMBER OF LOADED NODES FOR LOAD CASE 2 .. -0 
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2,q78E-27 1,358E-"3 1,"bIE-25 0, 
1>,05H-02 -I>,32>1F-02 b.l73r-27 1.2bn-03 
1,778E-2b ~, 7,45qE-02 2,~A!>E-0;> 
7,5:0E-il2 1,504F-04 4.51IE-04 0, 

ELEI'<£NT 22 
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;>.424E-~" ~, 5,815E-~2 I,V4.'~_02 

5,3 47E-02 3,b1QE-04 -4,50IE-"'4 0, 

ELE"ENT 18 

5,374E-~2 2,~85E-e2 4,~b3E-02 -2,~b2E-05 
-b,15I>E-04 "'. b,417E_02 2,~85E-02 
~,A2qF-02 -2,~25E-05 -I,~2bE-04 ~, 

7."IQE-~2 3.12eE-e2 5, 82bE-~2 -7,3IQF_04 
1,41Qr-05 ~, 'i,Q1bE-02 3,128E_02 
4,557E-r;: -1>.505F-~4 -2, 37qE-~4 ~. 

ELE~ENI 1 7 

4. 772E-~;> 1,"43E-02 B ,5Q7~-03 2.52e~_1!4 



TABLE 24 TABLE 25 

.u~07'l'e:-ell 0. 5.815E-"2 1.1I43E-1I2 3,q72E-"2 -2.70'E-1I2 1.3'8E-20 -3.Il,n;-1I1I 
5.3117(-02 3.U'E."1I -4,50IE-1I1I 0, 2.'1l1ilf>2& Ill. 3.25<1E .. 92 2,e85f-1I2 
o.III?!:-eZ 2.085E.02 8.82'£-02 -2.025£-115 8,5<17£-113 -2,521'1£-011 4,077E-04 0, 

- t .112/1£-011 O. 5.37I1E-tn 2,085E-02 
(1,8/13£-112 -2.5/121:-05 ·/I,15/1E-04 0. 

ELEMENT Ii! 

ELEMENT 10 2,11185£ .. 112 1,/I"5E-11I 4.557£-02 0.5!!5E-1I1I 
2.37'1:-011 1'1. 1.5/14E-02 -2. 70'1E-1I2 

".170E-02 1.1I2IE-14 -5.537E .. 1I2 '1.2/15E-1I4 -1.51IE-2/o 8.37'E.1I4 -2.033E-25 0, 
2.I>ln-011 0. 5,21 JE-U 1,07/1E_11I 2.7/18E-1II2 -2.70'1E-02 1.3'18E-20 3.0'17£-0 11 

-11,11/16[-02 1.15'E-03 -4.27IE·04 e, -2.'401!:"Z6 0, 2.b871!" .. 112 1.1l1l3!-"2 
5,/lI'5r-ez 1.043E-IIZ 5,l1l7E-02 3.U'E-U 4,8113E-1I2 2,5bC!E-1!5 b.15hE-e4 ". 

-4.501E-II/I 0. 1I.772E-"2 I.U3E-iIi! 
/I.'5'7E-e:s 2.520E-il4 .1I.il7'1E.04 ", 

ELE"'E"'T , 
ELEMENT 15 2,240E-il2 2,085E-1I2 5.3117E-il2 -3.0I'lE-"4 

1I,5111E-1I4 ". 3.28'1E-02 2.085£ .. il2 
3,'172E-02 -2.71"£-02 1.3'8E-2/1 -3.1II'7E-1I1I 11.5'7£-03 -2,520£-011 4,077E-011 Ill. 
2, 'UE-2b 0. 5.374E-02 2.085E-02 3 .Ilclt E-0;> 3,128E-02 -5.537£.02 .',205E-04 
4.8I13E-1I2 -2.5/12E-1I5 -/l.tS/lE-011 0. -2./o15E-1l1i "', C!,8il8£-1d2 3.12/1E-il2 
5.''1IIE-02 3.128E-1I2 4.557E-il2 -b,505E-illi .. 4,4b/l£-02 -1,15'£.03 11,271£-04 0, 

.. 2,37'£-114 II. 5.171>£-02 -2.'10'£-112 
-1.5I1E-20 -8.37'E-1I1I 2,033E-25 0, 

ELE"'£"T 8 

ELEMENT 14 1,045E-02 I.U3E-02 8,82'E-0C! 2.025[-115 
1,1I2bE-011 0. 2,/l87E-02 1.0113£-02 

2,71>8£-"2 -2.70'[.112 1.3'8E·2e 3,e'l7E-04 1I,803E-02 2.51>2£-05 o,15/1E-011 Iil, 
·2,"40£-2/1 II, 4.772!·"2 l.eIlS!-!!2 3.28'!-il2 2.085E-02 8.5'7£-03 -2,52I11E-04 

8.5'U-11I3 2,520E-1I4 .. 1I.IH7E-1I4 II, 1I.1!77E-011 0. 2,2110£-02 2,il/l5E-1il2 
5,374[-1'12 2.085e-1I2 1I.8elE-1I2 -2,5/12E_05 5.347E-1!2 -3./11'£-114 4,5IU£-04 0. 

·/I.15e[."4 0, 3.U2E-U -Z,71il'E-1I2 
1.3'8£-2. -3,0"7E-1l1i 2.'40E-2/1 ". ELEMENT 7 

£LE"'!NT 13 1,~nE·02 1.I33E-11I 5,820E-il2 7.31 'E-04 
-I,1I1'E-05 11'. 2,085E-il2 1./I"'5E-14 

1;5b4£-02 -2.10'E-02 -1.!11 1£-26 8,37'1E.04 1I.557E-02 0.505e-011 2.37'E-011 ill. 
-".033E-25 Ill. 4.170E-02 1.42IE-14 2.087E-I"2 1.11113£-02 1I.8b3E-02 2.502E·05 
.'S,517E-1I2 '1,205E-04 2.bl5£-Iol1i 0, b .15H-011 Iil. l.b45E-il2 1,0113E-02 

4.772E-1I2 1."II3!-e2 8.5'111!-03 2,S2ilE-U 8.112'E-02 2,"'25£-05 1.IIZ/I!-1I11 Iil. 
.4,11I77E-1I1I Ill, 2,7ur-02 -2,711'E-1I2 

1.3'8£-2& 3,0'17E-04 -2.'1I0E-"/I ". 
£LE"E"T 0 

ELEME"T 12 1,;>0 I1 E-02 2.il85E.02 /I.&8'E-02 -3.07'1E-04 
-2.112 I1 E-011 ". 2.240E-02 2.085E-02 

3.26'1[-02 2,11I85E-02 8.5"£-0] -2,52"'E-011 5.3 11 7£-"'2 -3,I>I'1E-011 4.50IE-04 0. 
4.077E-1I4 II. 3.'72E-02 -2,70'[-112 2,8 11 1.11'-(;12 3,128E-02 .1I.lIb1>E·02 -1.15'1E.03 
1,398E"2& -3,""7E .. 04 2.'40E-20 0. 1I.27H-i\1I 0. l.sr.!OE-02 3.128E-02 
5.17/0£-02 -2,70'£-02 -1.5I1E-2b -8,37'£.011 2.731>£-1'1'\ -'.3I1SE-0 U 1I.II/02E-011 "'. ".lIllE-25 0, 3.8'IE-1I2 3.126[-02 

.5. S37E-1I2 -'.2/o5E·1I4 -2.1115E-011 0, 
ELf"E"T '5 

£L£MENT 11 b.'> I <lE-1II3 1."1131:-"'2 7.5'HIE-il2 -1.5I<II'E_04 
-4,51IE-011 0. 1./o1l5E-II2 1. 04 3E-02 

2./l87E-02 1.043£-02 1I.6/olE-IIi! 2.502E-05 ....... qE·fl2 2.~2S •• 1il5 1. 11 21:01:,.1111 Ill, 
I-' /0.150£-011 II. 2.706E-1il2 -2.70I;1E-02 2,,,UbE-1:l2 2."85E-I'I2 5.]1I7E-02 -3,&l'E-011 Lv 

1.]<l8E"20 3,,,97£-011 -2.'40E-C!0 16. 4.51!IE-I-l4 "'. 1.2P.IIE-!il2 2.1185E-02 I-' 



132 

w 

'" .. ..., 
.. 
o 
-' 

'" o .... 
~ 
o 
~ 

0-
o 
'" , 
Il. 
o 
0-

'" w 

'" .., 
W 

'" 0-
W 

0-
;z 
W .. .... 
-' .... 

tv 
o 

'" 2' 

tv 
Z 

f\lf\lNNN 
SSSGol~ .......... 
~~\IJ &&JMJ 
..... "O:::rf\l ..... 
-,rj""-U'\ 
No-U'l ......... ......... N- __ _ 

t\H'\oIC\lNN 
(5iI SII~HlO& 
• +.++ 
wbJUJUJUJ 
0'0'«0 .... >111 
O'CO .... _Q 
f'I"t-W'l:::r.o · ....... f'I"t..,"""..,.. ..... , .... 

NN_I\IN 
ts.$CIilI$lGj 
.. • .. .. + 
wl. .. H .... wk! 
COO'-toI"I4) 
.... "'.0 .. "" 
U"lNtoI"I_lSilo --11)--
'\H\lNt\iN 
S(5iH5HS,' (5; .......... 
t.aJwJWUJl&J 
V"1l"..Qt\l0' 
11'1&0>0' ..... 
_0-0' ..... '" 

_Nl'\I", ..... 
a:HSHS!($.tS; 
+ •••• 
t.t .. UolUlJlLlw 
.o;Z~o-N 
NC):::r .... ., 
CQN .... ...,t\j · ....... . 
.... ----000 

NNN-N 
ISlS&&CIil 
+++.+ 
..... Ll.llla.llULLI 
-"'GOlD ..... 
CIilN ..... N:::t 
S:::r&NQ' 

_"""':::1_ . .. , 

t\i ___ _ 

(51 CIil GdS;CS. .. ........ """'\iJ..,,,,, -'""nI .... N 
II'ICC'l:tV'!t\l 
(!W .Q l\I ..0 0-.. ..... .. 
- ..... 100 ..... ..0 

"H'\lNNN 
1Sll5i & ail-Sii .......... 
lIJUJI.IJW .... 
O',oNO':::f 
111)0'1:0\1::1'''' 
CCN_..,...Q .. ........ 
"':::1""''''''"" • • • • • 

--CIil-_ 
CIil C5HS. & !$I ..... 
ilJUJbJbJw -11\- ......... N;z_N .... 
_10.0«;«:1 
11':::1 __ '" 

o 
NNNf\lf\I 
C5H!iU'5H»~ .. ...... .. 
tu ............. HIJ 
$0':::10'''' 
NCIil"' .... C 
........ "'tnN .. ........ 
I\INN-N · , ... 

·S; __ N_ 

ISH'SlIC5H5H'5' 
+ •••• 

", .. " .. U.a"H" .. \oaJ 
0-0''''' COli' 
NtCSS..Q 
.... 4)(5)::a-_ 

N&I1.Q_V\ 

• ••• 
NNNNN 
SSHSilIS)C!ij) 
+ •• +. 
~WI&JWIoLl 
N..o",,~1SiI 

0"'U"I~'" 51\11l"l_0 

-_s __ 
6;.SSCS;~ .. .. .. .. .. 
kJaHtJWi&J 
'O .... 5I::::r.o 
IOII'NN:::r 
.oO"-.oN 
-&fI .... NI\I 

· I' . 
NNt\lNN 
IS&SSCil 
• +++. 
WI&.lIUt.uW 
Il"l .... C:::r .... 
Nloh_S", 
«;.N_",_ · ...... 
~"'N"""" 
• ••• I 

_ __ 51_ 

IS 'S:&1S.1 lSI 
r ........ 

&I.IWtlJUJPotJ 
..... .0 ct)cO .... 
..0 f\I.,'" ... lSI 
::rs.-O:::S 

NNNNN 
S IS iSH' ... lSI 
• + ••• 
w.tWW ..... W 
NN.QIl"l.,o 
'OO'fI\ .... ::r 
;;fNtO,Q1Sl .. .. -.. NN __ N 

, • , • J 

!SOl S l'S;:.tSHS' 
+++++ 
t.lJ ..... t.tJUJw 
:::s -11'\ NO' 
""'HI' 11'\ fNI"I NSO' .... fNI"I -.... . 
::r .... "Q:-,., 

NNNNN 
ISSSI5OlISo 
+.++ • 
"".." .......... 1&.1 
O'fNI"IN.n&fl 
NIIDII)::IU'I 
NtOtO"r,,., 

"r,,,r,N"" .... 
• •• J • 

N"'"'IS'" + + • ..... ,," ... "'''' "'-I\! 

"''''''' -..... o 
"'I\! I\! .,"'" . + + + "' ...... ..."' ... .""..., 
.... "'" . .. 
""No • 0 

NNNNN NNNNN NNNNN NNNNN NNNNN NN&NN NNNNN NN-NN N-N&- NNN 
~m&~!SOI s~~tsOIS S&&ISS SSSSI50I ~lSs~S &&&&15 SS~SS ~SS&~ ~s~S® SStsOl 
+ •••• +.++. +.+.+ + •••• ++ ••• +++.+ •••••• + ••• + ••• + .+. 
""~ ..... """" ~I&.I""~W UJ~~Ww ..... I&.II&.IWW UJUJ~~~ UJUJUJWW UJ~UJ~~ UJ~WUJW UJUJUJwUJ UJI&.IW 
N~"""""" ,Q.Q-~_ .... ~~fI\~ .n"Q:NfI\~ N- ........ ~ 1l"l .... "ON .... 1l"l ........ "Q:1ID C~~"Q:IID #~ • .o.,o fI\.,o,., 
~ ........ O'~ !SOI1ID~Il"l&fl ~N .... O'"Q: 1l"l"r, .... N"Q: ::I~::I# .... 1IDIl"l.,oll"lS O'~"Q:fI\~ NfI\"Q:&1l"l o, .... S .... ::r .,oO'~ 
~IID_ ........ ::r .... NNC ~ .... _Il"l"r, fI\ .... fI\O' .... ~~ .... _S ~~fI\~1l"l N __ .o"r, S:::s_.oU'l Il"l_NIID~ N"r,,,Q: 

UJ - .. - _.w ....... -t"u _ ...... 1lI • - ••• W .................. _UJ •• _ • _w ................ UJ ••• 
aNN"r,NNQIl"lIl"l""aIl"lO;;r;;r .... ::I;;fQNNNNNOIl"l~N ........ o"r,N~NNaNNNNNo"r, ____ a_NN;;f_ON __ 
0 ••••• 0 ••••• 0 •••• '0 ••••• 0 •• 11 •• 0 ••••• 0 ••••• 0 •••• 10 •• 0 •• 
z 2 Z 2 Z ~ Z Z Z Z 

----- ----- ~~~:= :::== ~~~~~ ---~- ==::: :==== 
••••• '11'" I •••• ,a •• a •• a ••••••••••••••••••••••••• 

t"uUJ .......... UJ UJUJt.ut.u ..... t.ut.uwt.u ............... ~ ..... t.u t.u~W~t.tJ 1&.I~t.tJ ..... t.u ..... UJw ..... UJ wt.ut.tJW~ w~wwUJ UJ~\aJ 
C~IIDIIDIID .... "r, .... ,., .... "Q:"Q:"Q:"Q:.Q Il"l .... ~ ........ NNNNN "r, .... "r,Il"l .... II)IIDIID~~ _____ IIDIIDCIIDII) ~ ........ 
NNNNN NNNNN _____ ~&fI~~fI\ .,o.,o.,o~.o .... ~ ............ ::1::1##::1 ~~fI\~~ "" ............ "" .Q.Q,Q 

~~~~~ ~~~~~ ~~~~~ ~~~~~ ~~~~~ ~~~~~ ~~~~~ ~~~~~ """" ............ ~~~ 
fl\fI\U'I~~ ~~U'I~&fI ................ Il"l _____ ::I;;f##:;r NNNNN ::I::I#::r# fI\&fI~fI\&fI N~N 

a ••• a a.t •••••• a 1'1" ••••••••••••• 
NNNNN 
o.CSiI!Sl&t5Ii 
•• ++. 
wUJWWW 
':5ltsOls:gs 
~ISlSGlS 
~~fI\U"t&fl 

NNNNtu 

NN~NN 
GSSSS 
+ •• +. 
WWI.l.lWW 
SS~ISJSt 
~awa&& 

""V'H'''''''~ · .... 
f'\IN~NN 

NNNNN 
is. I$lGol Sffil .+ ••• 
wWioLIw\aJ 
,..."Q:::IN .... -........ -~ 
NO"~"""" N ___ _ 

• ••• I 

~~NNN 
~s~m~ 
• • + •• 
WWWWW 
IS) 'sn.'iiI Q ~ 
/SoC'iiG~eiOI 
~~~~~ -.... 
Nt\lNNN 

N~NNN 
SS~I5ill't ..... 
WilllJWIaJt"u 
$ ISH' .. !'$;; IS 
~ I,'SHS tS,HS' 
il'\fl\""~~ · .... 
NNNNN 

NN-NN 
f'OiSSISC5'. ..... 
W\oVWIoLIW 
1lC0'_ .... "O 
~N~C.~ 
U"tN"r,_ea;: 
--CO __ 

• •••• 

NNNNN 
ISHSHS' 6dSil 
+ •••• 

1I.I .... t.u.."w 
GmslSlS 
m"'!'SHSiI~ 
~U"t~~~ · .... 
NNNNN 

NNftrfNN 
SISHSiHSHSl 
+ + ••• 
UJW-";WW 
rs;S~ISS 
SS~SG 
~~~~&fI · .... 
NNNN~ 

_ NNN_ 
e!QS(s; lSI & 
+.++. 
wWUJIktJW 
~q:sil~N 
Ne1::l' .... c 
So N .... ", ~ 

~----o 0 

NN~N~ 
SS&S5 
.+ ••• 
WJwt.u\l,liIIIJ 
ISsssm 
!»oSi lSI SS 
""&11 U"tV\ "" 
NNNNN 

NNNNN 
SS~S5 
+ •••• 
t.ut.uIoLl:\I,IW 
SISIS!i5il1$I 
~~SSS 
loh~~~~ 

NNNNN 
N- __ _ 
&SSISHSI 
+ + ••• 
IoLItI.IUJWJW 
-~N""N 
fl\CO;;fV\N 
S,.,,~.,OO . . . . .. _ .... V't .... ,." 

••••• 

NNNftrfN 
lSiI:t5tit'lola.~ ..... 
..... t.,naJII.IW 
&CSlSS:D 
f5;& IS IS lSI 
""~&fIfI\~ 

NNNNN 

tuNN~N 
'SSSlSlt5l 
• ••• + W\l,lwt.U\I,I 
ISIC5oiISl&S 
smlSSS 
"'~~""~ . . . -. 
NNNNN -_m __ 
SISI~ISS 

• + ••• 
~t.tJIoLIIIaotW 
_~-"""r, 
N::I_N .... 
_C.,oIlDC . -... 
~::::I'--~ 

• I I. 

NNN~N 
ISiIb;lSCOtoi 
+ ••• + 
WWJUJIUUJ 
SSI!'iiISS 
I:'IoISt'SiHSll'S;:. 
~~~~~ · ...... 
NNNftrfN 

NNN".N 
&&S&\51 
+++ •• 
IIIJUJwltJw 
$$&&(5; 
S~S&S. 
\I'I""V\~"" · . -... 
NNNNN 

IS--ftrf
So GO Go. IISHS 
•• +.+ 
~"""'WIoLt 
~O' .... U)~ 
Ne~s.,o 

.... CIS~-

NU"t..o_~ 

o 

NNNNN 
6H,~" {5\ S & 
• ..... + WWt"U\l,lW 
SSlSiI:t5lrIiJ 
C5lISSts.l'S;:. 
""~fI\&I1"" 

NNNNN 

~NNNN 
SSS&S .+ ... 
' •• HaJI6.I\lJW 
~:s.smQ 
sssss 
~"'Iln"n" . ...... 
NNNNN --s __ 
'SHSllSl&S 
+.+.+ 
WWJWwW 
~~e;,::I...o 
«)~NN:::r 
.,00" -,." ~ . ., .. . 
_V't .... NN 

o 

~NNNN 
CwGolGSC$ 
• ••• + t.lJt.IJW\aJW 
~C!ij)mss 
1.$ {5fSSts. 
&I1V\~~~ 

NNNNN 

NNNNI'\I 
SISC50S~ 
++.++ 
uJ""bJUJw 
l$I$lSl5ll~ 
cs.&&S~ 

"" U·H''''If''1~ ..... 
NNNNN 
___ ao._ 

IS.SSlSlS · .... UJlaJWWW ...."".,,., .... 
.,oN~~o;;, 
::::J~_::I::::I' 

NNNNN 
~ISS$& 

• • + •• 
W~WWW 
SSI5ISH51 
GISd'S 1:$:.15,) 
~&fI""~&fI . .... 
NNNNN 

NNNNN 
m!'SOl~S~ 
+++ •• 
wW<.4JW"" 
1'Q~$l5;.:S 
!'SOl ~ ~ t'SdS """,,,,11\"" 
NNNNN 

-----;s.s,,6,IS.S 

• • + • + kOWWW\>..l 
::I_""NO' 
NNq"" .... 
t\lSlO>~~ . - ..... 
q ...... .l)_,.., 

• •••• 

""'"" "' .. '" + + + 
lUWw 
..... S> 

"',.'" "''''''' 
""" '" 
" .. ,"" ... SOl 
+ + + 
\aJ.a..!~ 

I.$~~ 

""""'" "''''''' 
tv """ 

"''''"'''"''' + + + 
WIU"" 
1.00~'" .... _N '" ,,,, .. -.. ..., 

o • 
NNNNN NNNNN NNNIl"lN NNNNN NNNNN NNNNN NNNNN NNNN~ NNN~N NNN 
~~ss~ S&SSS SSSGtsOI SIS~&S &&SS& $SSS$ ~~~SS s.~~S~ S~~~~ ~~~ 
•• +++ ++.++ +.+++ ++ •••••••••••• + ••••••• +.+ .+ •••• +. 
ww~w~ wt.uwWw W~~~~ t.u~~W~ ~~wt.u~ ww~w~ w~~w~ \aJW~~w WW~ww WW~ 
~~,Q~_ ~&~~4 ~O'''''~~ .,o~""~s ~~5~_ .... &O~~ _~.Q_~ Il"l~~~~ ~_N~~ ~~~ 
_N .... & .... ~&-N .... _~~~~ N- .... ~"O ~~~~Il"l N-~-N ~~&_ .... ~~~::I4 ~ ........ ~.,o ~~~ 

_~N~~ .... N~fI\~~_~~0'~~0~~_~~ .... ~4 .... _e_~ .... _~~~~~_~_~~~_~ .... ~~_~~~~G~""O · . . .. . ... - ....... ...... ..... ..... ..... . .... - ... 
.... .o.o.,o~ ~~IID~~ o~ .... _~ ~~"""",Q ........ ee~ C,Q .... IID .... 4 .... ~~ .... ~ellDce .... .,o ........ ~ 4~~ ........ "'" .................................. , .. "'" .'" 
O~~~NNONNNN~ONNNN~ONNNNNONNNNNO~N .... NNCN~NNNONN~NNON~~~ .... ONN~ 
z~~mS~2&S~~~zmms~&zsISS$SZ5&.mSZ&S~s~~s~m~~Z~~&~GZGS~~~Z~~~ 
••••••• +++ ••• ++ ++ •• + +.+.+ •• + •••• + •• ++ •••••••• + •• 

~ww~~t.u~W~t.ut.u ..... ~UJUJW~t.u~W~w~W~wt"uW~~~WW\aJ\aJ~~www~~~~wUJ~w~w~~\aJ\aJ~www 
ZNfI\IIDIIDIIDZ~O::l.QOZtO"OO'&~ZS~N~SZ .... O .... ~~z-~NNez_~~~~z~~&~~zs"r,-~~Z~~N 
W~ .... ~_N~~NN~~W_C~_#wc .... O~~\aJ~~.,o.,o .... ~ .... ~~~~W~~~~qWW~~~~w~~~ .... ~ ~q-~ 
r~~N~"01~~ __ &fI1e~NS&XC411D~'O~ .... ::I"ON .... IO~&_-X-~N .... SX,.,~~lIDerS~Nms~_~N 
W •••• • W •••• -4.> •••• • W ....... I"u •••• • W ••••• "", ...... ~ ..... ·w •••• _\aJ .... 
~ro~ ........ ~~ .... ~~.Q~~~~~~.o~~ .... ~~ .... ~.,o ................ ~.,o~-~e~~ee .... IID~~IID-~~~O----~~O_ 
\aJ •••• ,~ •••• ,WII ••• w ••• I.""" •• I •• ...,.I ••• w ••••• w ••• I.W ••• ,1WI" 

... 
z ... 
"" ... 
-' 

'" 

01::1' U"tN 
15- ($IS 
•• • I 
IUW t.u1oLl 
.... Il"l U"t .... 
_~ N~ 

0' _ SIS; 

NN"''''''''~ &SS.&iSI , .... . 
.... WJYJ .... iUYJ 
1l"l"r,0'0'0'_ IID::I_N __ 

1l"l~::I' CHS&fI · ..... :::r __ IID.,oO 

• 0 

~ :::roN 0' 
t\I ms ~ 
a •• • 

loLl WW tu 
"" ~fl"I ~ 
(5,) _;;I' & 
V\ ""S "" · .. . 
:::rcs. .... _CSl-

o 

.... :;f'N"";;J'N 
~&SSSS 

• ••••• YJtu\IJtlJ.t.lJWJ 
lS/ .... .,oIt\..o& 
"Q:.oN:::rNo.... _.,..O~~ · .......... .... "r,~ __ .... 

• 0 

... 

.... N ::I .... 
S~ &CSl 
•• • I 

.... UJ WIU .,\1'1 fl\0' 
V'\«t #N 
Il"l~ .... s · ...... . 
_N.O'~& 
o • 

.... f\lq .... ~q 
NS&.C!5IN • ••••• illlJWJWwWw 
c:::r::r.o.:s:
""SN"~-S 

o:~:::r.,,;~-: 
N_NN"'_ 

o 

.... ::::I'N ~ 
S SS &l · ... . .., ~1Iaot t.u 
0' ~ .. ::I 
tv .... N 
tSi ,Q- S · .. 
~JS.~Il"lS.1ID 

• 0 

NV"INf\t~.,o 
&N&SSN 
• • t I •• WWkilUUJki 
.,o_~~NO'-
110 ..oCHg~ .... 
~ISI.oC::I~ .. . .. . .. .. __ ~_:::rN 

o 0 

N 

... 
z 

'" ;r;. 
OJ .... ... 

"'N :::r~ 
SS &S •• •• t.Lit.u UJW 
.... '" 0 0-,Qa .... N 
N& .Q/3 · . . __ s .... o-m 

o 0 

........ .::rNN~ 
NSS~.N • ••••• UJUJIoLI ..... WIoLl 
.... 0'_0-._ .... __ SOco.o 

-:.~"!"!~~ 
~~.::r..o-_ 

• • 
"'" t:JN ~ 
1$1 G1'& S • •• • UJ ~w IU 
& :::rln lID 
N SlID V't 
~ tllm fl"I · ..... 
O&_~S_ 

o 0 

Il"l.NNQ .... 
C!ij)t\,IC!ij)C!ij)&N 
...... a 

1Iaot1l.lt.uloLliUt.u 
,QClS1::I'::I-" 
N~O'ISiIN"" 
« .... ."N::I~ ........ 
~_""_~N 

o 0 

... 
'" w 

'" '" -' ... 

qfl\ .'" C!ij)N SIJ5 

•• •• IU~ klt.u 
_~ ::::1'0' 
0"& SN 
..o~ "'s · ........ 
..o~._O'& 

• • 
"O .... #Nfl"I~ 
N .... S.ISN 
I •••• I 
ww...,t"u\l,lkJ 
_S .... S~II) 
.o..o,Q~N"" 
.,. .... -tI"I.r:D .... ......... 
_","" .... .,0_ 

• • • • 
.... ::11\1 "" 
S ~. & 
• J' • W wt.u W 
~ .... "" .... 
N _;;J' ..0 

s •• ~ .. ~. ~ 
OS .... _5_ 

o 

prj "u"~.'" 0 .... &NSffilSN 
I •••• t 

\U .... ItJ .. "lIotJ .... 
II'I~""O'--"" _1IIl1lll __ .... 

"!"!.~~.tf'\. -: 
V'tfl\;;J'..o::l.l) 
o • 



TABLE 28 

·Q.lb8E+"t' -B.5'5t1E+I'li! -2.1'51f.~1 2.'5 .. r.f.+02 2.5"'1'IE.+1I2 -Z.2b7E-t t -',2"b£+1112 .. , .I'-e.>'I£+1!I2 2.151£-"1 ,. 
-q.3~tof.1i'2 "fl, ]l'III.E.02 2.1:l2SE-I:It 2.'51HIJE+"2 2.'500E."'2 -2,2bH-11 -1 • .,,,qE.~2 .2 .... uH:.ez -2.1lI2'5E-I'!\ • EU~P;NT NO, 11 N('JDE 
.. Q.llfl7F+"l "~.H1E.02 -'5.1!QE+Pl 2.'5I'1I'!E+e2 2,'jIll0E+t'2 .5,I'I'5tlE_n -S.?'1uE.e\ -1.bI8E+02 '5.1IQE+PI ,. 
.. , ,,"'1[."'1 ..... 'j5bE.~2 -'S.JetE."! 2.'5I'1I'!E+"2 2.'j1'!0E+11!2 -'5."'5"E-ll 1."'5IjE+~2 -1.5'5qE+"2 '5.UIE+~1 ,. 
-, .2~]f.0] -8.q~"f."'2 .. 2.q"7E."1 2.'5~"'E+"'2 2.'5P."'E+1'I2 -'5."'5"E_ll 2.120E+1l2 -1."2qE."'2 2.qi'1£.I1!I· ,. 
"1.151E."] -q.111E.11!2 8.1teE-"" 2. '5"''''E .02 2.'5~I1IE.P.2 -'5,;'l~"E-ll 1.I1"E.1'I2 -1.""]E.02 _8,118E_1'I1 " -1.1")1E.If.] -8.1qlE."'2 _].UlE:.I1I! 2 ,'50"'E.02 2.'5~0E."2 _'5.I:I'5uE_!1 1.11j7h~2 -1.b2JE .• 02 ].bI2E+'1 • £L£"'EhT N(I, IZ ~ODE 
-1 ,I 21'1 EU'] -1,'H!7E.1I!2 -8,111£."1 2.'50f1E.02 2.'511l0E.1!2 .. 2.q1]E.11 7.eAn:.01 -2.821E.02 ~.111£.01 " -1.2 77 E.P] -q.qb"E."'2 1.le'5EHlI 2,'50I:1E+02 2 1 '51110E.11!2 -2.q11£-11 2.Jb0£.02 -".'50'5E.01 -'.IPI'5£."'t ,. 
"'."'H'!.II) -1.1-h'5E+"'2 -1.]"'''E+'''2 2.'50~'E.02 2.'5i'!0E+1'I2 -2.q1]E.11 -].I~'5E.01 _2,bIjIlE.02 1.]Ptlf."'2 •• - I .I")]E.P] -to.'5I!'5E+11!2 .1.b7H:.fl2 2.150"'E.02 2.~"'0EU2 -2.q7]E.11 1.111!:.11!2 -].B2QE."'2 l.b17£.02 ,. 
-1.11n.!!] ... 1.&18E.1:I2 -1,IPbE."'2 2.'5i'!"EHl2 2.'5.,0E.11l2 .2.Q7]E_11 1,]S"E.1'I2 ·2.111£.02 1.ll'Ibf."2 • ElFMfhT NO. B NODE 
-1."II'IE."'l "',1&'5[.02 -1.]"'''E.1:I2 2 1 '5,,"'E.02 2.'5~0E."2 _2."'01!:_11 -].tIlSE.ru _2.blj"E."'2 1,]P"E"!2 " -1.15]£.~] -e..SASE.i'2 -1.b77FHI2 2,'5~0E.02 2.'500E+P2 .2.1'10H_l t 1.IIH.11!2·1.II?qE.02 l.b1H,11!2 .. 
-1.12"E.i'!] -1.S~H.~2 -8.117f:.l:ll 2.'500F.02 2,'500£+"'2 _2,i'!",7E_Il 1,81!1EH'1 .2.11121E..02 8.11TE."'1 " -I.i1rE."'] ... q.QfltlF .. 12 1,1 ~IjE.1lI1 2.'50 v f.11I2 2.Sfl0EH~2 _2,i'!1!I1E_11 2.Jb"£."'2 -",S0SE.01 -1.I~Sf.llIl " -1,111E.I!] -1.b1IlE."2 _1,10bE.i'!2 2.'5I1!O'lE.02 2.'5PI1!E."'2 _2,01!7E.11 l.lStlE '~2 _2.111E.11!2 1.lllIbE. Pl 2 
ELE.IoIENT NO. t' NODE 
-I,"S1£.0] -e,Q~bE.1iI2 -2.ql'l7£."'1 2,SI'I0E."'2 2.'5"'0E."'2 .G I 11!8I1E-11 2,120E.02 -1,"2qE.kl2 2,q~1E."'1 " "1.IS1E+i'!] -Q.11!£.!!2 1I,118E-1'I1 2,S0i!E.02 2.Sfl0E."2 -",~5P1E-1l 1.llbE'1l2 -I,lo'w](."'2 -8.718E-PI ,. 
-Q.8I'11£.il? -5.1Q7£.11I2 .. '5,]lqE.'" 2.'50I1E.02 2.1j~0E.P2 _tl,i'!~IIE_lI _1j.21t1E,1l1 .',flI8E''''2 S.]IQE .. " " -1.1 !PE.i>l ."'.5IjbE.1"2 -S, nl E.~l 2. '51111o!£. 11!2 2,1jP:0E.P2 .".i'!88E-ll 1.tlS5E.i'!2 .1 .... '5QE.P2 Ij.HIE."1 

" -1.11j1E.~] ... 8,7QIE."2 -].bI2E.~1 2.'5ilI:lE.11l2 2,'5I'1I1!E.1lI2 -tl,,~1I8E_11 1,15H .• "2 ·1.b21E.1I!2 ].flI2£ • .,1 
FLEI'I~ ~T '-0 • .. "'('JOE 
-1.2p2E.1o!1 .. 8.Q7fJE.1:I2 -],S2'5E."1 2,'50"'E.02 2.'5i'!klE.02 .. ].21~E_1I 1.bl1!]E.02 _1."lbE.02 ],'52'5£.Pl ,. 
-Q.lb8E.i'!2 -Pl,'5'5"E."'2 -2,I'5lE.01 2.'5k10E."2 2.'51"10E.r2 .],210(-11 -1,2"bE.02 _r,"b0E.02 2,1'51E·01 ., 
-I!,I"QE+e2 -b,b,,7E+e2 1,0'58E.1lI2 2,'5eItE.02 2,'5"0E.02 .],210E.l I -2.i'b'5E.02 .].1b1!:HI~ -I,~'58E'1i!2 .. 
.. Q,018E+i'!? -1.7bQE.~2 _Q.01'5E.00 2,'5"''''E.02 2.'5P0[.11l2 -],21"'E .. l1 -1,]QbE."2 -2.bG'5E."'2 Q.I1II'5E.PI'I •• .. Q,Je."E.11!2 -".]bIlE"!2 2,02SE-1'I1 2,'50IH.ez 2.'5""E."'2 _].210t,_11 "1.I1!"Qf.02 -2.ptl1f,"'2 -2,"2.,E-0', 
ELE.MfNT NO. ,. NODE 
·1.2blE.1iI1 ."S,12E.11!2 -b.Q"'5E.i'!l 2.S"'~E.02 2.'5Ii""'E."2 -],,,"H-lI 2.2"'I1lE.11!2 -2."82H02 b.Q"SE.01 .. 
-1.011E.e1 .7."""E.1I2 -1.7'52E.~1 2,S00hil2 2,'500(.1"2 .. ],"'17E_II -",81bE."1il -1.]uSEu'2 1.1'52E.IIII .. 
-Q.02i'!E."'2 -7,18'5E+11!2 .... 22'1E.l:l1 2,'50t11h02 2.'5t1fi1[.1112 -],11I"7E-ll -1.H"E.02 -].22QE.02 ",22"F'''' •• -\ .(.'lb]F."l -".Ij]IE.i'!2 "'7.01IE.~1 2,SI1Ii'!E+02 2,'5"'0E.p2 -],,,,,,7E-\1 2,11f11E.PI .1 .... II]E ... 2 1,;'l21 E.Pj " -I,I!\'51!:.A] .. 1.i:'b"'E.02 -],)]QE."I 2,'5t'10E.02 2.'5"0HP2 -],"''''E-l1 1,'5t1bE.0! .].]SSE'11!2 l.]HE."1 
£LEMf 'oT NO. " ... OD! 
-1."'lAF.I1!] _8,0;,IjQE.92 -],1]8f."'1 2,'0"'f.02 2.'5'10(.'2 .... 11!8I1E_!1 -1.lb QE.11!1 -1.S'5bE'''2 ].I]fJE·1lI1 .. 
.. 8.1I~8E.02 ·8.7"2E.p2 _],"'I1E.00 2,'5"'I1IE.02 2.Sp0(.11!2 .1,1,018(_11 -1,bllbE.02 .1.b1]E.02 ],a18E.IlIV- •• -7.]AflE.A2 .7,QS]E.ti2 -","fI]E-01 2.'5"i'!E.11!2 2.'51l10(.11!2 _0."'88E_11 -]."'28(.e2 _2,tlb2E.0~ ",Gb]E-1lI1 " -e. QS1f.l!? -A.122E*,'.2 -",02bE.PI 2.'5lo!pE.02 2.S"0E.p2 _1.O.~lIeE_11 -1."S8!.1Il2 .2.?Q2E.1I!2 ".~2bE'''1 Zl 
-~,87f1E.i'2 -8.]fl Q£.02 -2,41o!1f."1 2,se~E.02 2,'''IIlEH~2 _u.I!\SIIE_11 -1.S1SE.02 _2.li'tlbE.02 2.tI,-,n·0'1 
ELEl'lfN1 t<O, " NOOE 
-8.2"7E."2 .5.2QbE.S2 ]. t2!!E.11l0 2.S00(.02 2,'5"'0E.1lI2 '1.QGbE.12 -2,lb1E."'2 -2,IUE.02 -].12IdE'P~ ., 
.',''5Q!.02 .1.11 tE.02 -2.b2"(.l1It 2.'500E.11I2 2.'I1It1hI1l2 S,Q"bE-12 -2,bSbE.p2 _].]011[.02 2,b2 t1 E.11I1 ., 
-11.121E.fl2 _b,'5QI(.S2 1,b8f1E.01 2,'5I!1IilH02 2.S@I1!HI1!2 5,Q"bE_12 -2,2Q]E.12 .].82]E.02 -1,blllbE.01 ,. 
-8.2S1E+"2 -1.1'51(."'2 '5,Q'51E*01 2.'5S"E.02 2.'5~"Eu2 S.9'11IE-12 -2,1'51E+02 -],2'51E.02 -'5.Q51!:.PI ,. 
.8,1I"'£.P2 .1.211E.e2 2,2"flE'01 2,'5"PE.02 2,'5"'I1!E."2 '5,Q"bE-12 "2,]beE.11l2 .l,llTE.02 -2.2"bE'PI · EL£-..£NT NO • .. NOOE 
-I,~32E.il1 _1.eSQE.02 b.01o!1[.1o!1 2.""1i!f."'2 2,'5P~E.~2 .],,,Q]E-II _Q,ljbbE.00 -l,l'5'5E.02 -1:I.0i'!".lIIl .. 
-~.11'12E+02 -(;.t'lbE.11!2 1."05E."'2 2,S~0E.1!I2 2.SIi"0E.p2 _],,,Q]E_II -2,2]2E'''2 -2.1Q QE.02 "I."VII£.~" •• -b,tl31E.t"2 .S.1?]E.11!2 ~ .12QE.i'!0 2,'5Io!"E.11I2 2.'5PI1lE.p2 ... 1,,,Q]E-l1 .].Q8]E.'i'!2 -2."Q2E.1Il2 _2.12QE.PO' " _7.~77E.02 -b.Il QE.11!2 -S.8e QE.i'!1 2,SUE.11l2 2.'5I11I1!E.1t2 -],,,Q1£-lI -2,'5]1E."2 ·".2QbE.02 ~.8"QE.1lI1 ,. 
-11.1 i'!8E.0'l2 -1,"2'5E.11l2 S,lb'5E.01 2.'500E+11I2 2.'50I1!E+I1!i' .. l,,,Q]E-ll _2,]11l1E.02 _2.QQ0E.i'!2 -~.lbIjE"'1I1 

HEME 'oT NO. •• "'OOE 
"'.e.b'E.~2 _e,IQ0E.02 l.btIE*00 2.'50"E.02 2.'51i\10[.i'!2 2,1111(-11 -2,1"H.11l2 -2.22t1E.11l2 -1.bll!.U ,. 
.7,21,8E."2 .",8]bE.1I2 -1.82]E."1 2,'50I1!E+02 2.'50I11E.P2 2,118E.1t .].IQ1E.11!2 -1.'51QE.1l2 l.fJ2]E.1i"1 ]. 

-e..17lE.1!2 _'.bQSE.11!2 "S.121E.i'!1 2,~0i'!E.02 2.'511!0E.~2 2,]18E"11 -].b,,2E."2 -2.120E'1I!2 15 .12IE.Pl 11 
-1.tll'I"E.fl2 -1.10IjE."'2 _",8t1'5E.11!1 2. SIl'I:IE. 11!2 2.'5PI1lE."2 2,11I1E-1I -2,Q'51E.!!2 .. 2.10QE.02 ".8"'5f.PI 21 
-7.11S£.1112 _~.11IE.02 -],87lE."! 2.'5i'!0EU2 2 ,'5Ii!111lE'~2 2.11I1E-II -].111QE.11!2 .. 2,28]E.02 ].81]E.el , 

TABLE 29 

fLf"'fNT NO, .' NODE 
-1.8ulE:.0l .7.2]]£+"2 .'5.2'12£+"'1 2.'50PE+02 2.'5A0E+e2 _tIUellE._Ii! -Z.'51lE+li1Il _],182£+02 '5.2"2£+"'1 
.. 7.IIQpf+i'2 .1."b5E+02 .'.b51E+el 2,'5"''''£+02 2.'5peE+02 _1.4P1bE_12 _2.1;12'5£+02 .].J"QE+e2 1.b'jH:+1!I1 
.. 7.ejlll'lf'~2 -b.52b£+02 ... 1.051E:."'l 2,'5IH!!E+02 2.'50k1E+l1ll -1.U!e.E_12 -2.'5]5E+02 _1,8el;l£+02 1,151£+"'2 
-1.b711F..fl2 _b., IqE.11!2 .1.bfJ]E.11!1 2.'50 f1 E.11!2 2.'5I1!I1!E.11!2 _1.ullbE.12 -2.1]bE'''2 _'1.2qbE.1i!2 1.b8]EUI 
.. 7.b'5"'I;.~2 .b,7M~E."2 -b.q2lE:.0t 2.'50'l"E."2 2.'51'10E.e2 .I,"8bE.t2 _2.1b"E.i'!2 .].b'5"E.e2 b.q2lE.UI 
ELE'"fNT NI). .. NODE 
-1.2lQr;.112 -7.]]7H02 1.1"0E."2 2.'500E.02 2,'501i1f.02 b,bt'5E-ll _].115EU'l2 .].018E.02 -1.1"0E.11!2 
"'b.;'ll qE.i'!2 -1."IIGE.0] 1.11qE.02 21'50~E.02 2,'5"0E.02 b,b1'5E_1t .u,]I;I'5E.02 ".22I1E.01 .1.J7qEU2 
-'5./!1'''f.'''2 -q."I"E.p2 -1."'2bE."1 2.'50~E."2 2,'500£.11l2 b.bl'5E.11 _u.'5q1E."2 -1.l1liHE.02 1.1I!2bEul 
_'5.b ... br;.e2 _b.qSqE.02 _'.2S'IE.02 2,'50eE.02 2.'5"I1!E.11l2 b.b1'5E-11 _U.128E.1!I2 _]."2'5E.02 1.211C1f.11I2 
-b,"'"n."2 -/!.qb7£.02 1.28U.01 2.'5I1!I1lE·11I2 2.'5i'!0E.02 b.U'5E." .u,]bIlEH~2 .1."tl1E.02 -1.2fJ2E.01 
ELP'IENT Nt'). ., NOO£ 
-1.12"E.11l2 -"."lfJE."'2 _1!.]bIE.tlt 2.S00E.11!2 2.'5I11"E.11l2 1,'5bl£_11 -],2qIE.02 .1.qqbEU'l2 8.]bHul 
-b.l1bE.ij2 .~.P2]E."2 -1,II1]E."2 2.'500£.02 2. '5 111 III E. III 2 I.SbIE.II "U.2]qE."2 -2.]q2E.11l2 I. t!]E.02 
-7.0e8E.i'2 -e,2'5qE.02 .. t.'51fJ£.02 2.'500E.02 2 ,'501i1E.11l2 I.SbIE.II _],Ui'!b£.11!2 .2.1S'5E."2 I.S18r.11l2 
-b.b2qE.11!2 .1,'50q£.02 .1,22q£."2 2.'500E."2 2.'50t'lE.11l2 1.'5bIE .. 11 -].18bE.11l2 -2.q0'5E.11l2 1,22qE."'2 
.. b.Sfo,"E.~2 .fJ.l]bE.02 _1,0]bE.02 2.'50"'E.02 2.S~0E.e2 l,'5blE.l1 .],8'5IE.i'!2 _2.21QE.1!2 1,0]bE.02 
ELElIlp<T NO, .- NODE 
-7.2H1E.P2 _b,5]bE.~2 -1,'5]/,j£.02 2.'50Io!E.02 2,'511l0E.11l2 8,qlqE-12 _],111E.02 _].S1SE.02 1,,]"f.02 
-1,b18E."'2 _b,Qq8(.02 _1,1I2E.02 2.'50I1lE.02 2,'5,,0E.11l2 8.qtQE-12 _2,1q1E.02 .. ]. tl t1E.02 1,1I2f.11l2 
.fJ,]b2E.02 .7,"'1~£.02 -2.211E.02 2,'50!H.02 2.'5,,0HI1l2 fJ,qlqE-12 _2,IS2E.02 _].]qq!.02 2,211E,P2 
.. 1 ,5]SE.P2 -b,22'5E.~2 _1.q]b£,0'l2 2.S00E.02 2. '5 "'t'l E. III 2 lI,q1QE-12 .2,fJ1QE.02 _4,ISqE.02 I.Q]bE.11l2 
-1.b2SE.P2 -b,77\E.02 -1.1S1!:.11!2 2.'50"E.02 2,'511!0E.11l2 II,QIQE-12 -2.'''''£.02 _].fI""E.02 1.1'51Eu2 

PR'IIo:CJPAL 5TR'f5S!:S (TOP_IH~lTOM) FOR' LO'D CASE 

ElE~ 5''''')( SIoIIN T~u '" SMA)[ 5"'IN T"")I .. , 
-'),]Ql£.11l2 -Q.""'E.11l2 l,fJUH02 ],811E.01 -1.ur1E.11!2 -'5,02lE.e2 1,811l8E.02 _S. l!]f.'!It 
-b."'tlQE.1'I2 -1I.b'5P'E.02 1.]01£.02 b.]'51E.11lI -1.1bGE.11l2 ·".]b~E."2 1.]"IE.'2 -2.b]Qf,11l1 
-1:I.0'1IF.11I2 ...... Q7lE.02 l.tlbbf.02 -1I.1UbE.01 _1.GuIE.02 _U.]1]E.02 1."bbE.02 2.'50eE.00 
-b.]fJ2E.11I2 _S.1!l2e£.e2 8.22QE.01 2.lIb2E.01 -2.]lIbE.11l2 _tl.0]2E.02 8,22QE."'1 _b.I]"E.01 
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(A) Stress Resu1 tan ts 

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 (Ml,M2) and the twisting moment (M12). 

Stress resultants are referenced to element coordinates (~l' ~2' 

and T3). Positive directions are shown in F 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 (~). These stresses are also 

referenced to the element coordinates (~l' T2, and ~) with 

positive directions shown in Fig 51. These stresses are printed 

at the top (upper surface in the TS direction), middle, and 

bottom fiber of the element as shown in Tables 27, 28, and 29. 

In the computer output, the symbols of Nl, N2 and S are used 

instead of 01' 02 and~. 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 ~l-direction, 

as shown in Fig 52. 

135 

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 0 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 (Til and ~2)' 
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The relationships between stress resultants, stresses and principal 

stresses are demonstrated by an example problem in Appendix 1 of Ref 25. 



APPENDIX 3 





AN [V G LEVEL 21 TSAP2 DATE 77115 08/26/05 

C 
C 
C 
C 
C 
C 

C 

PROGRAM TSAP 1!: [NPUT,OUTPUT,TAPE5J1NPUT,TAPE6_0UTPUT L 

TRANS[ENT TEMPERATURE AND STRESS [N H[GHWAY BR[OGE 
2-D TEMPERATURE O[STR[BUTION 
1-0 TEMPERATURE [NOUCEO STRESS 

[MPLlC [T REU*8 I A-H, O-Z I 
COMMON/XVI XI400I,YI400I,[QI4,300I,NTYPE[300I,EMI5I,ALI5I,ARI300I, 

NOSP[4001 
COMIION/SS/ NUMNP,I'I8ANO,AI400,201 ,TPI4001 
OIMENS[ON 

TC 4001 ,8 I 400 I ,01400 I ,HEO 1121 ,LM I 51, [X 131, E I 3,31, P 151, S [ 5, 51 
,00151, XCONOISI ,YCONOISI .XYCONOI51.SPHT 151. DENS 151.0XI 51. 
K XI 41 .EEI 3 .31 .XVALt201 • TREAOl400 I .CGY (300 I. CGXI 300 I. 
NHTC 2001 .BE I 4001, [C 12011 .JC120 1 I .CL 120 11. HHI 201 I 

DATA EE 12 • • ]*1 •• 2 •• 3*1. ,2. I, MO[M/20/.KAT/OI 
OA TA 0 STOP /4H STOP/ 

c· ••• • 
C 

READ AND PR[NT OF CONTROL [NFORMAT[ON 

C 

50 READ IS.l1001 HEO 
[FI HEOI iI.EO.OSTOPI STOP 
RE AD IS. 50011 NUMNP. NUME L. NU~I'IAT • NUMC BC. KOOE. 

1 NHPl.NOT'[ S[G.[FLAG.[NTER 
5001 FORMATCI5[SI 

REAOIS.50021 OT.TO.ABS.EM[S.RL 
5002 FORMATC8Fl0.01 

WR[TE 16.20001 HEO.NUIINP.NUMEL.NUMCBC.NUMMAT.NOT. [NTER.OT.TO 
• A 8 S ,E II[ S • [ S [ G • R L 

NOT = -NOT 
[8CA=0 
[F INOT.LT.OI [8CA=1 
NOT=IA8SINOTI 
[F 10T.EO.0.01 OT=I.E+20 
[F IKAT.EO.OI WRITE 16.20111 
[F IKAT.NE.OI WR[TE 16.20101 

C ••• READ IIATER!AL PROPERTIES 
C 

C 

DO 1 N= 1 • N UM IIA T 
REAOl5,5001l II 
REAOI S.S0021 XCONOI III ,YCONOII\I.XYCONOI~I.SPHT 1111, 

1 OENSIIII .OXIMI.E~IMI.AL!I\I 
WR[TE 16.20091 III. XCONOIIII.YCONOIMI.XYCONOIIII,SPHTIIII.OENSIIII. 

10XI III.EIII III .Au III. 11=1. NUIIIIATJ 

C ••••• [N[TlALIZE EXTERNAL TEIIP VECTOR T 
C 

C 

DO 2 [=I.NUMNP 
TREAOIII=O.O 
TC [ 1=0. () 

C* •• ** READ OR GENERATE NODAL POINT [NFORMAT[ON 
C 

[FIKAT.EO.OI WR[TE 16.20011 
[FIKAT.NE.OI WR[TE 16,20081 

6 READI5.S0011 [.J.K.N[NCX.N[NCY 
REAOI5.50021 XI[I.YClI.XIJI,YIJI.XIKI,YIKI 

AN [V G LEVEL 21 TSAP2 DATE 77 [[ 5 

C 

[F IJ.EO.[ .AND. K.EQ.[I GOTO 3 
[F (J.EQ.[I N[NCX = [ 

X[NC = 1 
[F IJ.NE.[I X[NC = IJ-[I/N[NCX 

XJ = [XIJI-XIIII/X[NC 
YJ = IYIJI-YI[II/X[NC 

[F IK.EO.[I GOTO [3 
[K 
Y[ NC 
XK 
YK 

K-[ 
[K-!I/N[NCY 
I XIKI-XI[ I I IY[NC 
IY[KI-YI[II/Y[NC 

13 CONTINUE 
DO 12 [[ = [. J. N[ NC X 

XN = 111-[ I /N[ NCX 
XI II I = XI! I+XN*XJ 
YI [[ I = YI [I+XN*YJ 

[F I K • EO. [ I G OTO [2 
L = Il+N[NCY 
K = II+[K 

DO 20 JJ = L.K,N[NCY 
YN I JJ-[ [I IN[NCY 
XI JJ I = XIIII+YN*XK 

20 YI JJ I = YI [[ I+YN*YK 
12 CONTINUE 

3 [F Cl.EQ.NUIINP.OR.J.EC.NUMNP.OR.K.EO.NUIINPI 
GOTO 6 

16 CONTINUE 

c .. •• .. • 
C 

READ OR GENERATE ELEIIENT PROPERT[ES 

C 

9 REAOIS,50011 [,J,K,NTYPEClI,II0IN,[I,N=I,4I, 
1 [ NC X, [ NC y, NODX, NOOY 

[F [J.EO. [ .AND. K.EQ. [I GOTO 99 
NK = K- [ 
IF I [NC X.EO. 01 [NCX = [ 

00 81 II = [. J ,[ NC X 
NTYPEI II I = NTYPEClI 
[J = 111-[ IIlNCX 

DO 82 N = 1,4 
82 [ 0 I N ,[ [I = [0 IN, [ I + [ J * NOO X 

[FIK.EO.[I GOT081 
[K = [[ + [NC Y 
K = II+NK 

DO 83 JJ = [K. K,[ NC Y 
NTYPEIJJI =NTYPEClI 
[J = I JJ- [ ! I I[ NC Y 

DO 83 N = 1,4 
83 [OtN,JJI = [OIN,! [1+[ J*NOOY 
81 CONTINUE 
99 [F I [.EO.NUIIEL.OR.J.EQ.NUMEL.OR.K.EO.NUIIELI 

GOTO 9 
84 CONTINUE 

C ••• READ OR GENERATE SPEC[F[ED HEAT OR TEMPERATURE 
C 

[COUNT=O 
REA015.S0031 [,J'[NC,TR,TAM,TPM.TST 

5003 FORMATI3[S,5X.bF[0.01 

GOlD [6 

GOT 0 84 

08/26/05 

t-' 
.p-
t-' 
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C 

IF I TAM.LE.O. I GOTO 3Z 
IF I TST.lT.TAM .OR. TST.GT.TPM GOTO 34 
CAll SOLAR I TAH,TPH,TST,TR,SR I 

GOTO 35 
34 SR = 0.0 
3S CONTINI£ 

TREADIII z SR 
GOTO 33 

3Z TREADIII TR 
33 CONTINI£ 

IFIINC.lE.OI INC=l 
IFI J.LE.OI J=I 
DO 11 II=I,J,INC 
ICOUNT=IC OUNT+ 1 
NHTI ICOUNTI =11 

11 TREADIIII=TREADIII 
IFIICOUNT .l T. NHPll GO TO 7 
DO 5 l =1 ,NUHNP 

5 WRI TEI6,ZOOZI l,KODE,XllI ,YllI ,TREADllI 
IFIKOOE.GT.OI GOTO 351 
NHPIH = NHPl-1 
DO 3S~ I ~ 1,NHPIH 

J NHTIII 
K = NHTII+1I 

XJ = XIKI-XIJI 
YJ - YI KI-YI JI 

Xl.=DSQRTI XJ.XJ+YJ.YJI 
IF I KAT.NE.O I Xl s Xl.IXIJI+XIKII-a.5 
TIJI = TREADIJI.Xl.0.5.ABS + TIJI 
TIKI = TREADIKI.Xl.O.S.ABS + TIKI 

350 CONTINI£ 
GOTO 352 

351 CONTINI£ 
DO 353 I = 1,NUMNP 

353 TIll = TREADIII 
35Z CONTINI£ 

C ••• INITIALIZE VECTORS AND HATRICES 
C 

C 

DO 110 l=l,NUMNP 
BII'=O.O 
TPII'zTO 
0111=0.0 
DO 110 J=I,HDIM 

110 All ,JI=O.O 
MBAND=O 

08/26/05 

C..... FORH CONDUCTIVITY AND HEAT CAPACITY MATRICES FOR COMPLETE BODY 
C 

WRITE 16,20031 
DO ZOO N=l,NUMEl 
DO lZS 1=1,4 

lZ5 lMIII=IQII ,NI 
HTYPE=NTYPE I NI 
COND I = XC DND I MTYPE I 
CONDJ=YCONDIMTYPEI 
CONDK=XYCOND I HTYPEI 
WRITE 16,200'" N,lMI1I ,lHIZI ,lMI3I ,lMI41,MTYPE 

AN IV G lEVEL Zl TSAP2 

C 

DO ISO l=l,S 
PII'=O.O 
00111=0.0 
DO ISO J=1,5 

ISO SII ,JI=O.O 
I =lMI 11 
J=lH121 
K=lH131 
l=lH141 
lMI SI=I 
XX=I XIII+XI JI+XIKI+XIlII/4. 
YY=I YI (J+YI JI+YIKI+YIlII/4. 

AR I N 1 = 0.0 

DATE 7711S 08/26/05 

c····· 
C 

FORM QUADRILATERAL HEAT CAPACITY AND CONDUCTIVITY MATRICES 

C 

DO lS2 K=l,It 
l=lHI K I 
J=lHI K+ 11 
IF II-JI 135,lSZ,13S 

135 AJ= XI J 1- XI II 
AK=XX-XIII 
BJ=YIJI-YII I 
BK=YY-YI II 
C=BJ-BK 
DX=AK-AJ 
XMUL=1.0 
IF IKAT.NE.OI 

1 XHUlzXMUl.1 XI 11+ XI JI +XXI/3.0 
XlAM=A J.BK-A K.BJ 

ARINI = ARINI+O.S.XlAH 
COHH=.5.XMUl/XlAM 
QQ=XlAM·XMUl·QXIHTYPEI/4.0 
QSTORE=XlAH·XMUl.SPHTIMTYPEI.DENSIMTYPEI/4.D 

C ••••• FORM CDNDUC TI VI TY TENSOR FOR ANISOTROPIC BODIES 
C 

EI 1, 1I=C~~ONDI+DX.DX~ONDJ+2 •• C.DX.CONDK 
Ell ,21 =C~K~ONOI-DX.AK.CONDJ+CONDK.I DX.BK-C.AK I 
Ell, 31 =-C .BJ ~ ONDI +DX.AJ.CONDJ+CONDK. IC. AJ-DX.BJ I 
EI Z.lI=EI 1.21 
EIZ,ZI=BK*BK·CONDI+AK·AK-cONDJ-2.·AK·BK·CONDK 
E 12,31 =-BK.B J-cONDI-AJ.A K.CONDJ+CONDK. I AJ. BK+BJ. AK I 
E I 3. 11 =E I 1 ,31 
EI 3,ZI=EI Z,31 
E I 3,31 =BJ.B J -cONDI + AJ.AJ-c ONDJ-2 •• AJ.BJ.CONDK 
I XI 1I=K 
(X121=K+l 
IF IK-41 145,140,14S 

140 I XI 21= 1 
145 IX131=5 

DO 151 1=1,3 
II=IXIII 
PI II I=PI II I+QQ 
DOl III =001111 +QSTORE 
DO lSI J=1.3 
JJ=IXI JI 

151 SI II ,JJI=SIII ,JJI+E I I ,JI .COMM 

I-' 
~ 
N 
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152 CONTINUE 
C c····· 
C 

ELI~INATE CENTER NODAL POINT 

c 

DO 143 1=1.4 
DO 143 J=I.4 

143 SII.JI=SII.JI-SII,51.SIJ.51/S15,51 

c..... ADD ELEMENT MATRICES TO COMPLETE ~ATRICES 
C 

C 

DO 175 L=I.4 
I=LMI LI 
BII'=BIII+PILI 
DII'=DIII+DDIlI 
DOI75M=I,4 
J=LMIMI-I+ I 
IFIMBAND-JI 160,165.165 

160 MBAND= J 
165 IFIJI 175,175.170 
170 AI I.JI=AI I,JI+SIL,MI 
175 CONTINUE 
200 CONTINUE 

IF I I SIG.LE.O I GOTO 201 

C ••• COMPUTE CENTER OF GRAVITY AND MOMENT OF INERTIA 
C 

C 
C 
C 
C 

C 
C 
C 

AREA X 1).0 
AREAY 0.0 
AREA 0.0 
XI 1).0 
YI 0.0 

DO 22 N I,NUMEL 
I IQI I, NI 
J = IQI2.NI 
K = IQI3,NI 
l = IQlIt,NI 
MTYPE = NTYPEINI 

EAY= EMIMTYPEI 
AJ XIJI-XIII 
AK = XIJI-XIKJ 
BJ = YIJJ-YIIJ 
BK = YI KJ-YI JI 
AREA = AREA+ARINI.EAY 

COMPUTE ELEMENT MO~ENT OF INERTIA ABOUT X-AXIS 
ASSU~E SIDES PARAllEL TO THE AXES 

IF II.EQ.L J CGYINJ = IYIII+YIJI+YIKlI/3. 
IF II.NE.L J CGYINI = O.25*IYIII+YIJJ+YIKJ+YIlll 

AREAX= AREAX+ARINJ.EAY.CGYINJ 
IF I I.NE.L J XI = XI+IAJ.BK**3.1112 •• EAY 
IF I I.EQ.L .AND. AJ.NE.I). J XI XI+IAJ*BK**3.1136.*EAY 
IF I I.EQ.L .AND. AJ.EQ.O. J XI = XI+IAK*BJ**3.Jl36.*EAY 
IF I IFLAG.LE.O J GOTO 22 

COMPUlE ELE~ENT ~OMENT OF INERTIA ABOUT Y-AXIS 

IF I I.EQ.L J CGXINJ IXIII+XIJI+XIKIII3. 

08/26/05 AN Iv G LEVEL 21 TSAP2 DATE 77115 

C 

IF I I.NE.l 1 CGXINI = 0.25.IXIIJ+XIJI+XIKI+XILlI 
AREAY= AREAY+ARINI.EAY*CGXINI 

IF I I.NE.L 1 YI = YI+IBK*AJ**3.1/12 •• EAY 
IF I I.EQ.L.AND.AJ.NE.O. I YI Y 1+ IBK.AJ •• 3.Jl36 •• EAY 
IF I I.EQ.L.AND.AJ.EQ.O. I YL = YI+IBJ*AK"3.Jl36 •• EAY 

22 CONTINUE 
CGI = AREAX/AREA 

IF I IFLAG.GT.O I CG2 = AREAY/AREA 
DO 25 N = I ,NU~EL 

DCG = CGYINI-CGI 
M = NTYPEINI 
XI = XI+ARINI*EMIMI.DCG*DCG 
IF I IFLAG.LE.O I GOTO 25 
DCG = CGXINI-CG2 
YI = YI+ARIN).EMIMI *DCG.DCG 

25 CON TINUE 
DO 203 I I,NUMEL 
DO 203 J I ,4 

N IQIJ,II 
NOSPINJ NTYPEIII 

2,)3 CON T! N UE 
201 IF I NUMCBC. EQ. 0 GO TO 220 

WRITE I 6.20061 
ICOUNT = I) 

C ••• READ OR GENERATE CONVECTION COEFFICIENT 
C 

C 

213 READ15,50031 I,J,INt.HC 
DO 2 15 K = I, J , I NC 

L = K+ I NC 
ICOUNT = ICOUNT+I 
WRITE 16,20071 K,L,HC 
XJ = XllI-XI KI 
YJ = YI lI-YI KI 

Xl =0 SQR T( XJ.XJ+Y J.Y JI 
I F I KA T. NE. 0 I XL = XL * I X I LJ + X I K 1 1*0.5 
ICIICOUNTI K 
JCIICOUNT! L 
HHIICOUNT! HC 
ClIlCOUNTI Xl 

C •• MODIFY FOR CONVECTION BOUNDARY CONDITIONS 
C 

c 

H = HC.Xl/6. 
A I K. 11 A I K • 11 + 2 •• H 
A I L. 11 = A I L ,II + 2 •• H 
KK = L-K+I 
IF KK.GT.O I AI K,KKI AIK.KKI +H 
KK K-L+I 
IF KK.GT.O 1 AIL.KKI A\l,KKI + H 
IF I L.EQ.J 1 GOTO 214 

215 CONTINUE 
214 IF I ICOUNT.LT.NUMCBC 1 GOTO 213 

C ••• MODIFY FOR TE~P. BC AND FORM EFFECTIVE CONDUCTIVITY MATRIX 
C 

220 IF ( 'KODE.LE.O I GOTO 301 
DO 302 N = I.NHPI 
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1= NHTlNI 
ACI.l1 1.E+40 

30201[1 0.0 
301 DO 300 N 1. NUMNP 
300 AINoll AIN.11.DINIIDT 

C 
C..... TR[ANGULAR[ZED EFFECT[VE CONDUCTIVITY MATR[X 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

2040 

236 

CALL SYM SOU 11 
TIME 0.0 
LL = 0 

BEG[N TRANS[ENT CALCULAT[ONS 

DO 600 LNDT = 1.NDT 
PR [N T 2040 
FORMAT I" 34H TRANSIENT BCAJNDARY CONDIT [ONS" I 

[F I NUMCBC.LE.O I GOTO 221 

READ IN THE TEMPER~TURE OF EXTERNAL ENV[RONMENT 

READ15.50021 TEMPR 
WRITE I 6,202BI TEMPR 

CALCUlATE EFFECT[ VE LOAD VECTOR 

DO 236 N = 1.NUMNP 
BEINI = BINI 

DO 235 N = l,NUMCBC 
K = IC I NI 
L ~ JCINI 
TEHP = HHINI*CUNI*TEMPR.!).5 
OLN = 0.0 
[F I KODE.GT.O I GOTO 237 

DO 239 H ~ l,NHP1 
[F I K.EO.NHTIHI GOTO 2~D 

239 CONT[NUE 
TSA = "ITPIKI+TPILlI.0.5.~60.1 •• 01l**4. 
TAA = IITEHPR+460.1 •• 01l"". 
QLN = CLINI.0.5.EM[S •• 174.ITSA-TAAI 
GOTO 237 

240 TSA = IIITPIKI+TPILlI.0.5.460.1 •• 01l**4. 
TAA = II TE MPR+460. ' •• 01' •• 6. 
OLN = CLINI.0.5.EH[S.I.174.TSA-.00496.TAAI 

237 CONTINUE 
BEIKI = BEIKI+TEMP-OLN 

235 BElLI = BEILI+TEMP-OLN 
221 DO 219 11 = 1.NUMNP 
219 TREADI" 1=0.0 

[F I KODE.LE.O GOTO 36 
[COUNT=I) 

C READ OR GENERATE BOUNDARY CONDITIONS 
C 

218 READ15.50031 [.J,[NC.TREAD'" 
PR[NT 2050,I,J,[NC,TREADI[ I 
[FI J .EQ. [ .OR. J .EO. 01 [COUNT=[COUNT+1 
IFI J .EO. [ .OR. J .EO. 01 GO TO 217 

OB/26/05 ~N [V G LEVEL 21 TSAP2 DATE 

C 

DO 216.K=[.J,[NC 
[COUNT=[COUNT + 1 

216 TREADI KI=TREADII I 
217 CONTINUE 

[FI [COUNT .L T. NHPlI GO TO 21B 
GO TO 305 

36 [F 1 TAM.LE.O I GOTO 230 
TST = TShDT 
[F 1 TST.EO.24. TAM TAH+24. 
[F 1 TST.EO.24. TPM TPM+24. 
[F 1 TST.EO.48. TAM TAM+4B. 
[F I TST.EO.48. I TPM TPM+4B. 
[F 1 TST.LT.TAM .OR. TST.GT.TPM 1 GOTO 37 
CALL SOLAR 1 TAM,TPM,TST,TR.HF 1 

GOTO 39 
37 HF = 0.0 

GOTO 39 

C ... READ HEA T FLOW 1NTENS[ TI ES 
C 

C 

230 READI5,50021 HF 
39 WR[TE I 6,2029 1 HF 

DO 231 N = l,NHP1M 
J = NHTlNI 
K = NHTlN+lI 
XJ = XI KI-X( JI 
YJ = Y(KI-YIJI 

XL=DSORT( XJ.XJ+YJ.YJI 
[F I KAT.NE.O 1 XL = XL.IXIJI+XIKJI*O.5 
TREADI JI = HF.XL.0.5*ABS • TREADIJI 
TREADiKI = HF.XL.0.5.ABS + TREADIKI 

231 CONTINUE 
305 DO 400 N-1.NUMNP 

OE FF =BE I N I +0.5 *TI NI +0 I NI *TP I NJlDT 
[F I1BCA.EO.OI GO TO 330 
TINI=TREADINI 

330 TPINI=OEFF+0.5.TINI 
400 CONTINUE 

[F I KODE.LE.O I GOTO 401 
DO 238 N - l,NHP1 

[ = NH TI NI 
238 TP(lI = (1.E+401*T(1I 
401 CONTINUE 

C ..... SOLVE FOR NEW TEMPERATURES 
C 

CALL SYMSOU21 
T[ ME = T I ME+D T 
LL=LL+l 

C..... PRINT TEMPERATURES 
C 

[F INDT.EQ.1.AND.OT.EO.l.E+201 T[ME-O.O 
[F (LL.LT.[NTERI GO TO 600 
WRITE 16.20051 TIME,IN.TPINI,N=l,NUMNPI 
LL=O 

77115 OB/26/05 

IF( IS[G.GT.OICALL STRESS I NUMEL.TO.X[,Y[,CG1,CG2,AREA.RL.IFLAG 
6,)'1 CONT[NUE 
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GO TO 50 
C 
C*.*** FORMAT STATEMENTS 
C 

llOO FORMAT 112A61 
2000 FORMAT 11H1 12A611 25HONUMBER OF NODAL PoINTS-- ,6X, 141 

C 
C 
C 

I 25H NUMBER OF ELEMENTS------IIO/25H NUMBER OF CONVECTION BC-1101 
2 25H NUMBER OF MATERIALS-----110/25H NUMBER OF INCREMENTS----1101 
3 25H OUTPUT INTERVAL---------110/20H TIME 1NTERVAL------5X,F10.21 
4 25H INITIAL TEMPERATURE----- F10.Zl13H ABSORBTlVlTY,l2X,FlO.ZI 
5 llH EM!SSI VI TY,l4X,FI,).21 14H STRESS OPTION,llX, 1101 
6 IIH SPAN RATlO,l4X,FI0.2 I 

2001 FORMAT (20HO N.P. NO. CODE 14X,lHX,l4X,lHY,l4X,lHrl 
2002 FORMAT 12110,3E15.61 
200'3 FORMAT 135HO N ! J K MATERiAL I 
2004 FORMA T 1515,11 01 
2005 FORMAT 122HOTEMPERATURES AT TIME. E13.5/17(15,E12.4111 
2006 FORMAT 125HO I J H I 
2007 FORMAT 1215,2E15.61 
2008 FORMAT 120HO N.P. NO. CODE 14X ,lHR,14Y.,lHZ,14X,lHT 1 
2009 FORMAT 114,8E12.31 
2010 FORMAT 124HOAXI SYMMETRIC SOUO BODY I 

1 4HO M 9X 3HKRR 9X 3HKZZ 9X 3HKRZ IIX 1HC 11X 1HO 11X 1HO 
2 10X,2HEM,10X,2HALI 

2011 FORMAT 127HOTWo DIMENSIONAL PLANE BODY I 
I 4HO M 9X 3HKXX 9X 3HKYY 9X 3HKXY 11X IHC 11X 1HO 11X 1HO 
2 IOX,2HEM,lOX,2HAlI 

2020 FORMAT IIOHOCARO NO. 14, 13H OUT OF ORDER I 
2021 FORMAT I 13HOBAO CARD NO. 141 
2028 FORMAT I 20H AIR TEMPERATURE,5X,F10.21 
2029 FORMAT I 24H HEAT FLOII INHNSITY,F10.21 
2050 FORMAT 15X, 4HFROM,15,2HTO.I5,3HINC,I5,5HTREAO,FlO.21 

END 

SUBROUTINE SOLAR I TAM,TPM,TST,TR,SR I 

COMPUTE THE INTENSITIES OF SOLlR RADIATION ON HORIZONTAL SURFACE 

IMPLICIT REAL.8 I A-H, o-Z 
TIME = TPM-TAM 
T TST-TAM 
AL T*3.1415926541T1 ME 

SR= I. 7*TR *OSI NI AU *1 OS I NI AU +2.1/ 13 .*T I ME I 
RE TURN 
END 

~N IV G LEVEL 21 SYMSOL 

SUBROUTlNE SYMSOL (KKKI 
C 

IMPLICIT REAL*8 (A-H, o-Z I 
COMMON/SSI NN,MM,AI400,201 ,B(4001 

C 
GO TO 11000,20001 ,KKK 

C 
C REOILE MA TR1 X 
C 

C 

1000 DO 280 N=l,NN 
DO 260 L=2,MM 
C =A IN, LIlA (N ,11 
I = N+L-1 
(FINN-II 260,240,240 

240 J=O 
DO 250 K=L,MM 
J=J+1 

250 A I I, J I =A 11 ,J I-C *A IN, KI 
260 AIN,L1=C 
280 CONTINUE 

GO TO 500 

C REDUCE VEC TOR 
C 

C 

20')') DO 290 N=l,NN 
DO 285 L=2,MM 
I=N+L-1 
IFINN-II 290,285,285 

285 BlllzBIlI-AIN,U*BINI 
290 BINI=BINI/AIN,ll 

C BACK SUBSTITUTION 
C 

C 

C 

N=NN 
3()() N = N-1 

1FINI 350,500,350 
350 DO 400 K=2,MM 

L = N+K-1 
IFINN-LI 400,370,370 

370 BINI = BINI - AIN,KI * Bill 
4,)0 CONTlNUE 

GO TO 300 

500 RE TlPN 

END 

OAT E 77115 08/26/05 
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SUSROUTINE STRESS « NUMEL,TREF,XI ,YI ,CGI,CG2,AREA,RL, IFLAG 
IMPLIC I T REAL.S I A-H, D-Z I 

COMMON IXYI XI4001 ,YI4001 ,I QI4,300 I, NTYPE 1300 I, EM 151, AL 151. AR I 300 I, 
NOSPI40()1 

C 
C 
C 

C 

COIIMON/SSI NUMNP,MBAND,AI400,201 ,TPI4001 
DIMENSION TOI4001 

COMPUTE TEMPERATURE OIFFERENCE 

DO I N = l,NUMNP 
TDINI = TPINI - TREF 
PT 0.0 
CTX = 0.0 
CTY ~ 0.0 

DO 2 N = l,NUMEL 
I IQII,NI 
J IQI2,NI 
K IQI3,NI 
L IQI4,NI 

C ••• COIIPUTE THERMAL FORCE AND MOMENT 
C 

C 

IF I.NE.L 1 lAV = 0.25"llOIII+TDIJI+TDIKI+TDIlll 
IF I.EQ.L 1 lAV = ITDIII+TOIJI+TDIKIJl3. 
IF I.EQ.L 1 GOTO II 
Tl I TOI I I+TOI JII.0.5 
T 2 ~ I TD I K I + TO lUI .0.5 
Yl IYIII+YIJII.0.5 
YZ I YIKI+YIU 1.0.5 
DY Y2-Yl 
CGY = Yl+DY.1 I Tl+2.*T2I 113."(T2+TlI II 
IF I IFLAG.LE.O 1 GOTO 12 
TI I TDI1I+TDIIII.5. 5 
T2 I TOI KI+TOI JII.O. 5 
Xl IXI1l+XIIII.0.5 
X2 IXIKI+XIJII.0.5 
DX X2-Xl 
CGX XI+DX.IITl+2.*T21113."IT2+TlIII 
GO TO 1 2 

11 CGY = IYIII+YIJI+YIKI1I3. 
IF I IFLAG.GT.O I CGX = (XIII+XIJI+XIKIII3. 

12 CONTI NUE 
MTYPE = NTYPEINI 
EL EMIMTYPEI"ALIMTYPEI 
P El.ARINI.TAV 
Cl = P.ICGY-CGlI 
PT = PT+P 
CTX= C TX+CI 
IF I IFLAG.LE.O I GOTO 2 
C2 = P.ICGX-CG21 
C TY= C TY+C2 
CONTINUE 

C CALC ULA TE S TRE SS AT LOCA TI ON OF MAX I MUN MOMENT 
C STRP IS STRAlti DUE TO AXIAL THERMAL FORCE 
C STRCB I S STRAIN DUE TO THERMAL MOMENT 
C 

CMX CTXlI3.*RL+2.1 

\N IV G LEVEL 21 S TRE S S DAT E 

STRP = PT/AREA 
IF I IFLAG.GT.O CMY CTY/13."RL+2.1 

DO 3 N = I,NUMNP 
MP = NOSPI NI 
DY = CGI-YINI 
STRMI = CMX"DY/XI 
STRM2 = 0.0 
IF I IFLAG.LE.O 1 GOTO 4 
DX CG2-XINI 
STRM2 = CMY*DX/YI 

4 CONTINUE 

77115 

lOINI = EMIMP1"ISTRP+STRMI+STRM2-ALlMP1*TDINII 
CONTINUE 
WRITE 16,20001 IN,TOINI,N=I,NUMNPI 

2000 FORMAT 125HOTHERMAL INDUCED STRESSES/17115,E12.2111 
RE TURN 
END 
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C PROGRAM SHELL 8 IBM 360 VERSION 21 MAR 1917 ATALAY AND JJP 
CNULL PROGRAM MA IN( INPUT ,OUTPUT, TAPEl , TAPEZ ,TA PEJ, TA PE4 ,T APE8, T APE9 I 
C ••••• THIS VERSIDN OF THE SHELL PROGRAM HAS BEEN MODIFIED TO RUN 
C ••••• ON THE IBM 370 AT THE TEXAS STATE HIGHWAY DEPARTMENT. 
C ..... ALL REAl VAR (ABLES ARE DOUBLE LENGTH AND INTEGER VARI A8LES 
C ••••• STANDARD LENGTH. 

IMPLICIT REAL*8 IA-H,G-ZI 
COMMON IC V INUMEl ,NUPT S,NUBP T S, I B ANDP ,MBAND ,NBLoC, NDFRE, I FL AG, NUMAT 

I , ITEMP ,NL VT,I STRAN 
COMMON ISS/IGEN, I SHEAR ,J SHEAR, NRED ,I RE AC T ,NTRUSS,I S I G, I ROT 
DIMENSION ITlnEI20l,CI51,XVI201 
EQUIVALENCE IISHEAR,NII , INRED,N21, IIREACT,N31 
READ 1002, ITITLE 
PR INT 1003, ITITLE 

1002 FORMAT IZOA41 
1003 FORMAT (IH1,4X,20A41 

READ 30, NUMEL,N UP T S, NUBPT S,I B ANDP ,NOFRE ,I ~ LAG, NJ MAl, N I, N2, N3, N4, 
IGEN, ISIG,IROT,I TEMP,NLVT 

30 FORMAT( 16151 
JSHEAR = Nl 

PR INT 31, NUM EL, NUP TS, N~P TS ,I BANDP, NDFRE ,I FLAG ,NU MAT, NI, N2, N3, N4, 
IGEN,ISIG,IROT,ITEMP,NLVT 

M BANO= IBANOP *NOFRE 
NBLoC =(NUPTS*NDFREI/MBANO 
IF (( MBANO*NBLOC-NUPT S*NDFR E I. NE. 01 NB LOC=NBLOC+l 
R EW INDI 
R EW INOZ 
REW IN03 
REWIN04 
CALL oVERI 
CALL OVER2 
CALL OVER 3 

I FI 1 GEN .G T • 3 I 
CALL OVER4 

3 CONTINUE 
31 FORMAT ( 9H 

15/9H 
15/9H 
15/9H 
1511 

NUMEL 
NDFRE 
NREO 
I SIG 

90 FORMAT I F13.4 I 
IF ( N4.GT.0 

2 STOP 
END 

GO TO 3 

=,15/9H 
=,15/9H 
=,15/9H 
= , I 5/9H 

NUPTS 
IFLAG 
IREC T 
IROT 

GO TO I 

=,(5/9H 
='(5/9H 
=,15/9H 
=,15/9H 

NUBPTS 
NUIlAT 
LPROB 
[TEMP 

=,15/9H 
~,15/9H 

=,15/9H 
=01 5/9H 

I BANDP =, 
ISHEAR =, 
IGEN =, 
NLVT = , 

SUBROUTINE OVER I 
IMPLICIT REAL*S IA-H,O-ZI 
CoMMDN/CV/NUMEL,NUPTS,NUBPTS,lBANDP,MBAND,NBLOC,NDFRE,IFLAG,NUIIAT 

,ITEMP,NLVT 
COMMoN/SS/lGEN, I SHEAR, JSHEAR, NRED, I RE AC T, NTRUSS ,I S IG, IROT 
COMMON KQI41,NODES,QUADT,SMATI7,30l,EM,RM,VM,GM,Ol,OZ, 

I XQI3,400I,DIRI6,401',UI9I,SI201l,T13,3I,EI13I, 
2 E2131,THI 51,TPCI 5,4,51,TP1,TP2,XI41,YI41,ZI41,Dll,DIZ,DZZ,D33, 
3 EM I, G I, G2, D 11 3,41 ,D ZI 3,41 ,EL DAD 151 , I B I 40 II ,I DUMMY, TEMP (5, 4ll0, IZ I 

DIMENSION DMATI6I,XVIZOI,THI55(1551 
DIMENSION IQI4,2000l,ITYPEI2000l,QTYPEIZOOOI, 

1 TMA T( 5, ZOOOI,DI STLD I 5 ,ZOOOI ,TEMPI N/30 I 
EQU I V AL ENC E I SMA T( 11 , I QI 11 I , I XQ I 1 J ,I TY PE ( II ,0 1ST L D I I I I , 

1 I DIRI801l,QTYPEIIIl,ITMATllI,TEMPII,l,11I 
EQUIVALENCE (TH155111,THllll 
EQUIVALENCE IEM,DMATllll, 

1 IU I 11, X I I, I UI 21 ,YI I, I U131 ,ZI I ,( UI 41 ,X JI ,I UI 51 ,Y J I , (U 16 J, ZJ I , 
2 [U I 71 ,XK I ,I U I SI ,YK I ,I UI 91 ,Z K I ,I UIlI ,XO I ,I UI Z I ,YO I , IU /31 , Z 0 I , 
3 IUI4I,BII,IUI5I,BJI.IUI7I, WI,IUI61, AI.IUnl, BloIUISl, OJ 

LOGICAL TESTI,TEST2 
INTEGER QTYPE.QUADT 
DO 80 1= I. 40 I 

SO DIRI6, I 1=0. 
P 1=3.l't15926535898D0 

C ••••• GENERATE NODAL COORDINATES ANO DIRECTION COSINES. 
PR INT 900 

I READ 521'(I,JJ'(JoIGo,IUIII'(=I,61 
521 FDRMAT1415,6Fl0.01 

IFI IGO.GT.lI READ 519,IUIII,1=7,91 
519 FoRMATI20X,3FI0.01 

IF I IGO.LE.O I PRINT 30oll,JJ,IJ,IGoolUIII,I=I,31 
IF I IGO.EQ.1 I PRINT 3101l,JJ,IJ,IGO,IUIII,I=I.61 
IF I IGO.GT.l I PRINT 9l,lI,JJ,IJ,IGO,U 
IFI IGO.LT.~I GOTQ 17 
IGO= IGo+l 
IF IIJ.GT.OI XINC = IJJ-IIIIIJ 
GOTo I 2. 4, 8,10, 121.IGO 

2 DO 3 1=103 
3 XQII,(I,=UII, 

IFIII-NUPTSI 1,51.51 
C ••••• STRAIGHT LINE. 

4 XJ=XJ- X I 
YJ=YJ-YI 
LJ=ZJ-ZI 
XL=DSQRTIXJ**Z+YJ**2+ZJ**21 
XD=XJ/XINC 
YO=YJ I X INC 
ZD=ZJ/XINC 
DO 5 I=II,JJ'(J 
XINC=II-IIIIIJ 
XQll,I,=XI+XD*XINC 
XQI2,1'=YI +YD*XINC 

5 XQI3. I ~ZI+ZO*XINC 
SQ=OSQRT( XJ*XJ+YJ*YJI 
DO 7 I = I I, JJ , I J 
OIRI I. Ij=XJ/XL 
DIRI2,1,=YJ/XL 
DIR/3,I'=ZJ/XL 
IFISQ.EQ •• OI GOTO 6 
DIRI4,11=-YJ/SQ 
D I R I 5, 11= XJ I SQ 
GOlD 7 

6 DIRI4. 11=0. 
DIRI5'(1=1. 

7 CoNT INUE 
GOTO 19 
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C ••••• CIRCUlAR CURVE. 
6DIJ-OSQRTIIXI-XJI**2+IYI-YJ) •• Z+III-IJ) •• Z) 

Dll*DSQRTIIXI-XK)**Z+IYI-YK)*.Z+III-IKI.·Z)/2. 
DJl-OSQR TI 01 J** Z-DIl**2) 
DEL-PI -2.*DATANIDll/OJlI 
Xl-I X IHK 1/2. 
Yl=IVI+YK )IZ. 
Zl=UI+ZK 112. 
R- DIJ/DSINIDEl/Z.I 
T 11. I ,. I XI( - Xl 110 Il 
TI2.1'=IYK-Yl'/Dll 
113.11=IZK-IlI/Dll 
r 11.2'-1 XJ-XlIIDJl 
T 12, Z '.1 YJ-Yl )/DJl 
T 13, 21=1 ZJ-IlI/DJl 
TII.31= Tl2,ll*T13.ZI-Tl2.ZI*TlJ.1I 
Tl2. 31=-Tll. U*TI 3. 21+Tll.Z). Tl3 ,11 
Tl3.H= TlI.lJ*Tl2.21-TCl,21*TlZ,11 
CONST=DSQR f ITll,3'**Z+TIZ.3).·Z+TI3,))·*ZJ 
AINC=DElIXINC 
DO 9 1=1 J,JJ, IJ 
XINC=II-II )IIJ 
ANG=A INC*XINC 
DX=R*DSINIANGI*OCOSIDEl-ANGI 
DV=R*DSINIANG)*DSINIDEl-ANGI 
XQll,I'=XI+Tll,ll*DX+Tll,21*DY 
XQ I Z, 11='1' I+TI Z.ll*OX+ TlZ. 2) *DY 
XQI3,II=ZI+Tl3.1'*OX+Tl3,21*DY 
e= OCOSI DEl-Z •• ANG) 
D=OSINIOEl-2.*ANGI 
OIRllo I)=TI 1.1I*C+Tll,Z).0 
01R12, I )=TI 2.1I"C+TlZ,ZI.0 
DIRI3,I )-T( 3, 1l*C +TI 3, ZI*O 
OIRI", I)=-I( l,31/CONST 
01R15,I )=-TI 2,3 "CONST 

9 0IRI6.1I=-T( 3,3)1CONST 
GOIO 19 

C ••••• PARABOlA. 
10 IFIOA6SIBIl.GT.OABSIBJI) CO/,;ST=IJ/BI".Z 

I F I OABSI BJ I.GE .DAB SI B I I ) CON ST=lJ/BJ"Z 
DIJ-DAB5!BII+OABSI&JI 
w=w*p I/IBO. 
CW=OCOSI WI 
SW=OS INI W I 
OINC=OIJIXINC 
00 11 I=II,JJ,IJ 
XINC-II-III/IJ 
OX=81+0INC*XI/,;C 
XQll, II=XO+OX*CII 
XQI2, I,=YO+OX*SW 
XQI3,II=ZO+CONST*DX*OX 
ANG= OAT AN 12. .*CON ST*D XI 
OIRll, I I=CW*OCOSIANG I 
o IR I Z, 1 I' Sw*OCO SI ANG I 
01R13,11- DSINIANCI 
DIRt".II·-5W 

11 DIRI5t11= CII 
GOro 19 

C ..... ELLIPSE. 
12 A2=A*A 

82=8"8 
A6:A/B 
SA=8/A 
AT8;A*B 
W=O*PI/IBO. 
SW-OSINIW) 

ew=oeOSIWI 
IFAC=200 
fAC-IFAC 
XK-B2/DSQRTIAZ+B21 
11=AS*OSQRTCB2-BI*BI I 
ZJ=AB*OSQR TI B 2-BJ*SJ, 
W I=-P 112. 
WJ~ P 112. 
IFlll.GT .. OI WI=OATANIBllZlI 
IFIZJ.GT •• OI WJ=OATANIBJllJI 
OW= IWJ-W II/FAC 
WC-PI/Z. -WI-OW 
Stll=o. 
DO 13 1= 1. !FAC 
SWC=OSINI WC I 
CWC= OCOS I WC I 
R~ ATB ICSQR TI B z*swc *SWC +AZ *e we *C I«: I 
OX-R*CW(-8 I 
OZ=R*SWC-Z 1 
SII+ll-SIII+OSQRTIOx*OX+DZ*OZI 
BI=BI+OX 
11=Z1+0Z 

13 WC=Wc-ow 
DScSIIFAe+II/XINC 
S f= O. 
WC=P 112. -WI 

1" DO 15 K=I.IFAC 
J=I<.+1 
IFISIJI.GE.STI GOTO 16 

15 CDNT INUE 
16 A INC=J-Z 

A INC-A INC.OW 
ANG=we-A INC-II 5T- SI J- 11111 51 J 1- SI J-ll J I -OW 
SS=DSINIANGI 
CC=DCOSI ANG I 
R= ATB/OSQRTl8Z*5S_SS+AZ.CC*CCI 
XR=DA6:;IR*CC I 
lR=DASSIR*SSI 
Q-DS IGJ;II.DO,CC 1 
IFIXR.LE.XI<.I A/,;Gf=-Q*DATANIIAS.XRI/OSQRTI82-XR*XR" 
I flXR .GT .XK I ANGT=-Q* (PI 12. -OA TANI BA*lR/D5 QRT I A2-IR* ZRJ II 
SA=OSIGJ;( I.DO,A) 

I, II 1= XO+XR*C w*Q 
2, II I=YO+XR*SW*" 

XQ(3, [1'=ZO+lR*SA 
OIRI 1.11 I=DCOSIANGTJ*CW*SA 
DIR Iz, 11 I=DCO 51 ANG T) *S,.*SA 
OIRIJ.IIJ=OSINIANGTI*SA 
0IRI4,11'--SW 
OIR(5.11,= cw 
IFIII.EQ.JJI GOTO 19 
lI=II+IJ 
ST=ST+DS 
GOTO lit 

C ••••• REPEATEO NODAL COOROINATE5,ANO EI COSI NES. 
11 IGO-IABSItGO I 

2) 

I F I IJ .l E • 1 I 
IF I IJ.LE.} J 
IF I (J.GT" I 

J 1=0 
00 18 J=[[,JJ.IJ 
DO 18 L= 1.3 

I=IABS( IJI 
I J-l 
1=1 
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OIR(l ,J):OIRIl ,J-I) 
0IRCL+3.J )~O IRll+3.J-11 

18 XQCl,JJ=XQIl,J-II+UllI 
J I:J 1+1 
IF C J I • GE • I GO GO TO 1 'I 
11= II +1 
JJ~JJ +1 
GOTO 20 

19 IFIIJJ.lT.NUPTSI.ANO.IIl.LT.NUPTSIIGOTO 1 
C ••••• INPUT OIRECTION COSINES FOR ARBITARY NOOAL POINTS. 

51 PRINT 901 
53 REAO 522,M,lIM,MOP,IElI 11.1"'1,31 ,cE2IJI ,J~1 ,31 

522 fORMATI315,5X,6FIO.0) 
PRINT 33, M, lIM, MOP. El. E2 
IFI M.LE.O) GOTO 57 
TESTI=OABSI Ell 11 I+OABSIF.1I21 )+OAI:ISIEI131' .GT •• 0 
T EST2:0AI:ISI e 2111 )+OA6SI E21 2 I I +OAI:I SIE213' I .GT •• O 
IFIMOP.lE.OI lIM:M 
IFIMOP.lE.OI MOP=l 
00 52 l=M,lIM,MOP 
00 52 11.=1,3 
IFCTESTl' OIRIK ,LI=ElIKI 

52 lF1lESl2) 0IRIK+3, U=E2IK) 
GOTO 53 

51 l = 3 .. NUPTS 
IF I IFlAG .EO. 1) GO TO 58 
00 56 l = I, NUPTS 

DIRI l,l I = 1.000 
0lRI2,lI 0.000 
DIRC3,LI 0.000 
DIRI4,l' 0.000 
0lRI5,lI 1.000 
01R16,l' 0.000 

56 CONT INUE 
58 CONT INUE 

WRITE!31 XQ 
l = 6 .. NUPTS + 6 
~RITEI3' OIR 

C ••••• I~PUT MESH. 
PR INT 902 

59 REAO 523,JJ,I 101l,JJ I,I=t.4),KOOl.NlAY.lASTEl 
523 FORMATI16151 

PRINT 1'13,JJ, ClQII,JJI,I=I,41,l'IOOl,NlAY.lASTEl 
1'13 FORMATlS( IX, 141 I 

IF I JJ .EO. NUMEl I GOTO 66 
IF INLAY .EO. 0 I GO TO 59 

62 II=JJ 
IFI MOOl ) 69.60.64 

60 IFlll.EO.NUMElI GOTO 66 
REAO 523.JJ.1101 I,JJ)'I=I,4I,MODl.NlA'I',lASTEl 
PRINTI93,JJ,11011,JJ),I=I,41,MOOl.NlAY.lASTEl 
IFIII+I.EO.JJ) GOTO 62 
JK=JJ-2 
00 63 J= II.JK 
00 6311.=1.4 

63 IQIK.J+I)=IQIK,J'+1 
IFIJJ -NUMEl) 62.66.66 

64 IFAC= IQlltllt-1 
DO 65 1= I.NlAY 
l'I=IMOOl+U"II-lI 

2VIR77 
21MR17 
21MR17 
21MR17 
2HIR 77 
21MR17 
2IMR17 
21MR77 
21MR77 
21MR 17 

DO 65 J= I. MOOL 
IQll.lll=M+JtIFAC 
IQI4.11l=10Il,III+l 
IQ(2,11)= 1014, III+MOOL 
IOU,III=1012.111+1 

65 11=11+1 
IFlll-l - NUMElI 5'1,66,66 

6'1 [I=JJ +NlAY 
DO 72 J=Il,lASTEl.NlA'I' 
L=J-NlA'I' 
00 10 K= I, 4 

70 IQIK,JI:IQIK,l'-MOOl 
IF I 1013,l'.lE.01 IQI3.JI=0 
IF I 1014.Ll.lE.0 I 1014.JI=0 

72 CONT INUE 
IFILASTEl.lT.NUMELI GOTD 59 

66 PRINT 903 
00 liDO I 1. NUMEl 
00 1000 J 1. 4 

IDOl KOIJ) 101J.11 
1100 WRITEllI KO 

C ••••• INPUT MATERIAL TABLE. 
00 67 11= I.NUMAT 
R EAO 524, It I SMAIl J ,II ,J=l, 71. TEMPI NUl 

524 FORMAT( 15. 5)(, 4f 10.0, 2F 5. 0,2F 1 O. 01 
67 PRINT 96t1'(SMAIIJ'( I.J=I.7I,TEMPINIII 
C ..... INPUT El EMENT PROPER T'I' CARD S. 

PRINT 906 
75 REAO 525,lI.JJ,lIM.MOOl.KK,(DMATlI) ,1=1.51 

525 FORMATI515.5X.5FI0.01 
PRINT '1S,II.JJ.lIM.MOOl,KK.IOl'lATlII ,1=1,51 
IFlllM.lE.OI L1M=1I 
IfIMOOL.lE.OI MOOL&I 
DO 71 l&lI.lIM,MOOl 
IT'I'PEIII-JJ 
QTVPEI I I=KK 
00 71 J=I. 5 

71 TMATIJ.I)"OMATIJI 
IflllM.LT.NUMElI GOm 75 
DO 2200 I - I, NUMEL 
MTYPE = !TYPE! I I 
QUAOT QTYPE I I I 
WRITEI21 MT'I'PE.QUAOT 
00 2'.)00 J = I, 5 

2000 DMATIJI Tl'IATIJ,11 
2200 WRITEI21 C OMATIJI,J=I,51 

C ••••• INPUT DISTRIBUTED LOAOS ON ELEMENTS. 
PR INT 35 

4~ REAO 526. iI.LIM,MOOL,IOMATlII ,1=1.51 
526 FORMAT(315.5X.5FI0.01 

PRINT 37, II, lIM,MOOl.IOMATlII.I=I,51 
IfllIM.LE.:» lIM=11 
IFIMOOl.lE.O) MOOl=1 
DO 41 1=II,LlM,MODL 
004IJ=I.5 

410ISTlOIJ.I'=OMATIJI 
IFILIM.LT.NUMEll GOTO 40 
DO 440;) I It NUMEl 
00 4000 J = 1. 5 

4000 OMATIJI : DISTlOIJ.11 
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4400 WR IfEI4' I OMA TI J I ,J: I, 51 
R EW IN03 
REWINOl 
R EW IN02 
REW 11104 
l " 3 * IIUPTS 
REAOl31 XO 
L z I> * !I UP TS + 6 
REAOI]) OIR 
REW IN03 
00 5000 I = I, 401 

5000 IBI II " 0 

C ••••• 

IF I NlVT.EO.O t NLVT=l 
IF I ITEMP .EO. 11 CALL INTEMP 
IF (HEMP .EQ. 11 GO TO 299 

C ••••• INPUT TEMPERATURES BY NODAL POINT NUMBERS IF ITEMP .NE. 1 
C •• " • 

00 305 I L V = 1, Nl liT 
00 901 I = 1,5 
00 901 J " I,NUpTS 

9tH TEMPI I,J,ILV) = 0.0 
PR INT 300, Il II 

300 FORMATI49HODUBLICATION OF NODAL POINT TEMPERATURES FOR CASE,IS,II 
301 READ 526,M,LIM,MOP,TEMT,TT4,T(MM.TB4,TEMB 

1Ft" .lE. 0) GO TO 30~ 
PRINT 303.M.LIM,MOP.TEMT.TT4,TEMM.T84,TEMB 
If IMOP.l E.O ILlM=M 
I F(MOP .LE.O IMOP~ 1 
IFtTEMM .NE. 0.0 .OR. TEM8 .NE. 0.01 GO TO 999 
IflTT4 .IIE. a.o .OR. TB4 .NE. 0.0) GO TO 999 
T EMM= TFMT 
TEMB=TEMT 
rr .... TEMT 
lS4=TEMT 

999 CON T INUE 
00 304 l=M.LIM.MOP 
TEMPtl.L.ILV)-TEMT 
TEMPI2,L,llV)=TT4 
TEMPI4,L.ILVI=T84 
TEMPI3.L, Il II I·HMM 

304 TEMPI5,L,llVI=TEM8 
GO TO 30 1 

305 CONTINUE 
Z99 CONTINUE 
117 IF IIGEN.GT .01 GOTO 71 

13 PR HH 904 
PR INT 100 
00 14 1=I.NUPTS 

14 PRINT 9201,(XOIJtfItJ=I.ll 
IF (ITEMP .EQ. 11 GO TO 301 

c ...... 
C ••••• OUTPUT TEMPERATURES BY NODAL POINT NUMBERS 
c ........ 

00 3~1> ILV = I.NlVT 
PR INT 800. Il II 

800 FORMAT\/34H NOOAL POINT TEMPERATURES FOR CASEoI51l 
00 306 I - I,NUPTS 

306 PRINT 801.1.ITEMPIJ.I.ILVI.J=I.51 
801 FORMAT I 14.ZX,5EIZ.5 I 

301 CONTINUE 
PR IIIIT 101 
PRINT 102 
1)0 16 1=I.NUPTS 

16 PRINT 32,1,lO\RIJoI"J"1.1» 
PRINT 905 
PRINT 103 

11 DO 83 M= 1. NUMEL 
REAOl1l KO 
READIZI MTYPE.QUADT 
DO 85 I: 1. 4 

85 OMAIII'; SMA TI I.MTYPE) 
EM 1 SMA Tll,MTYPE I 
Gl = SMAll 5.MTYPE I 
G2 = SMATt6,MTYPEI 
TP 1= I SMATI1.MTVPE) *EM) IIZ4. * I 1.-VI1II 
TP 2= SMA Tf 1.MTVPE) 

READI21 TH 
R EADI 41 ELOAO 
NODES=4 
IFIKQI~I.LE.OI NODES=3 
IF I KQ I3I.LE .D.AND .KwH, I.LE. 01 NODE S • Z 
11= a 
00 82 J= I,NOOES 
K=KQIJI 
IFINODES.EQ.2) GO TO 600 
CI-DSQRT I OIRI l.KI**2.0IlU2.K) "*Z.OIRI3.KI "*2 
C2=DSQRT I 0IRI4,KI**Z_0IRI5.KI**2+0IRII>.KI**2 
00 81 L=1,3 
Dill. J ); 0 I R' L ,K ) Ie 1 

81 OZIL.J)=0\RIL+3.KI/C2 
6()0 xIJI=XQI I,KI 

YIJI=XQI2.KI 
ZIJI=XQI3.KI 
IFI !TEMP .EQ. 1) CALL TEMSEl IJ.I1,II.MTYPE.TEMP\NI 
IFIITEMP .EQ. 11 GO TO 82 
00 31l ILV = I.NLVT 
00 313 I = 1,5 

313 TPClI, J. Il V I=TEMPll.K,llVI- TEMPI NI "'TYPE I 
82 I!IIKI .. t8IKI+1 

IF IIGEN.GT.OI GO TO 18 
PRINT 94.M,KQ.MTYPE,QUAOT.TH,TP2 

18 IFINODES.GT.ZI G(J TO 610 
THI21 EM 
GO TO 620 

610 THI51=THISI*PI/180. 
O~EMlll.-VM*IIMI 

011-0*OSQRTlRMI 
022s 0/0SQRT\RM) 
033z0*ll.-VM$VH I*.S/( 1.'GM) 
OI2·0*VM 

620 WR !TEDI KQ.NOOE S,QUAOT 
83 WRITE!31 THlSS 

REW INOI 
REW INDZ 
REW IN04 
REW IN03 

I F I 1 GEIII .GT • 11 GO TO 19 
PRINT 84'( IBIII.I=l,NUPfS) 

19 CONT [NUE 
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91 
S4 FORMAT I1HO,60121 

92 
94 
96 
9S 
900 

FORMAT I 414, 2X, 3EI2.5/1S,,3E 12.5/1BX.3EI2.5 
FORMATlI4, 2X, 3E 12.51 
FORMAT I 2X, 514, 212.lP4E 10.3,F6.1,lPEI0.31 
FORMAT 114, 2X.lP SE 12. 5) 
FORMAT 12X,514,2X.lP~EI2.5' 
FORMAT 145HODUPLICATI0N OF INPUT NODAL COORDINATE CARDS.' 

901 
902 
903 

FORMAT 153HODuPLICATION OF INPUT SURFACE DIRECTION COSINE CARDS.I 
FORMAT 149HODUPLICATION OF ELEMENT NODAL POINT NUMBER CARDS.I 
FORMAT I 39HODUPLICATION OF ELEMENT MATERIAL TABLE.' 

904 
700 
101 
702 

FORMAT I ISHONODAL COORDINATES' 
FORMATI 31H PT X Y 
FORMAT 12BHOSURFACE DIRECTIONS COSINES.' 

I 

FORMAT 1/,2X,3HPT.,6X,3HEIX,6X,3HEIY,6X,3HEIZ 
,6X, 3HE2X,6X, 3HE 2Y,6X ,3HE211 

90~ FORMAT 157HO EL. NO.,EL. NODE NOS .. MATL. TYPE=T,EL. TYFE=E,EL.THICKN 
,9HNESS,ANG.,10HTHER.COEF.1 

703 FGRMAT 1/,2X,3HEL.,3X,IHI,3X,IHJ,3X,IHK,3X,IHL,IX,IHT,lX,IHE 

906 
30 

31 
32 

,3X, 2HT I, SX, 2HTK, BX ,2H TL, BX ,3HANG,3X ,5HALPHA I 
FORMATI39HODUPLICATION OF ELEMENT PROPERTY CARDS.I 
FORMAT I 414,2X.lP3E12.5 1 
FORMAT « 414,2X,1P3E 12.5,I,IBX,lP3EI2.51 
FORMAT I 1~,2X,6F9.5 1 

33 FORMAT « 314,4X,6F~.5 I 
35 FORMAT 130HO ELEMENT DI STRIBUTED LOADS. 

37 FORMATI2X, 314,2X,1P5E 11.41 
303 FORMATl2X,314,2X,IP5EI2.51 

RETURN 
END 

SUBROUTINE TEMSEL IJ,M,ll,MTYPE,TEMPINI 
IMPLICIT REAL*B (A-H,G-II 
COMMON/CV/NUMEL,NUPTS,NUBPTS,IBANDP,MBAND,NBLOC,NDFRE,IFLAG 

1 ,NUMAT,ITEMP,NLVT 
COMMON I X 1161 ,P X 1 ( 40521 , TPC I 5,4,5 I ,PX2 I 50 I .I X2 14021 , 

1 TEMP 120,400,31 
DIMENSION TEMPINI301 

C •••••• THIS SUBROUTINE GETS EACH ELEMENTS TEMPERATURES FROM TEMP 
C •••••• AND STORES THEM IN TPC. 

DO 3121=1,5 
11=11+1 
DO 312 ILV=I,NLVT 

312 TPCI I,J, ILVI=TEMPI I I,M'(L VI - TEMPINIMTYPEI 
RETURN 
END 

SUBROUTINE INTEMP 
C ••••• 
C ••••• THIS SUBROUTINE GENERATES THE TEMPERATURES BY ELEMENT tvMBER. If 
C ••••• IS LIMITED TO 400 ELEMENTS AND 3 LOAD CASES FOR TEMPERATURE. 
C ••••• 

IMPLICIT REAL*B IA-H,O-II 
COMMON ISSI IGEN,ISHEAR,JSHEAR,NRED,IREACT,NTRUSS,ISIG,IRDT 
COMMON ICVI NUMEL,NUPTS,NUBPTS,lBANDP,MBAND,NBLoC,NDFRE,lFLAG, 

I NUMAT,ITEMP,NLVT 
COMMON IXII61,PXII42021 ,IX214021, TEMPI20,400,31 
DIMENSION XVI231,TEMPI1201 
IF INUMEL .GT. 4CGI PRINT 301 

301 FoRMATII,4X,50HNUMEL GREATER THAN 400. INPUT OF TEMP BY ELEM EXCE 
I ,IIHEDS STORAGE,n 

IFINLVT .GT. 31 PRINT 302 
302 FORMATI/,5X,46HNLVT GREATER THAN 3. STORAGE OF TEMP EXCEEDED •• /I 

DO I 1=1,2') 
DO I J=I,NUMEL 
DO 1 K=I,NLVT 
TEMPII,J,K1=J.O 
DO 2 ILV= I,NLVT 
PR INT 300,ILV 

300 FoRMATIIIIII,5X,45HDUPLICATloN OF ELE"ENT TEMPERATURES FOR CASE 
, 15,11 

5 READ 526,M,LIM,MoP'(TEMPIIII,I=I,51 
526 FoRMATI315, 5X, 5F 10.0/ 

IF 1M .LE. 01 GO TO 2 
DO 6 1=1.3 
Kl=I*5+1 
K2=K IH 

6 READ 527'(TEMPIILI,L=KI,K21 

527 FoRMATI20X,5FI0.01 
PRINT 303,M,lIM,MOP,ITEMPIIKI,K=I,201 

303 FORMATI2X,31~,IP5EI2.5/13X,IP5EI2.5/13X,IP5EI2.5/13X,1P5E12.51 
IF IMOP .LE. 01 L1M=M 
IFIMoP .LE. 01 MOP=1 
DO 4 L=M,LIM,MoP 
DO 4 J=I,20 
TEMPIJ,L,ILVI=TEMPIIJI 
GO TO 5 

2 CON T INUE 
r.. •.•. 
C ••••• OUTPUT TEMPERATURES BY ELEMENT NUMBERS 
C ••••• 

I F liGEN • GT. 0 I GO TO 311 
DO 309 IL V= I,NLVT 
PR INT B02,ILV 

B02 FoRMATl31HOELEMENT TEMPERATURES FOR CASE=,1511 
DO 310 1= I.NUMEL 

310 
BJ3 

309 
311 

DO 310 J=I,4 
L = 5* I J- 11 + I 
M=L +4 
PR INT B03,I,J,I TEMPI K,I ,ILVI,K=L,MI 
Fo RM A TI 2 I 5, 2X, IP 5E 12. 51 
CONTINUE 
CONTINUE 

RETURN 
END 
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SUBROUTINE 0 VER 2 
IMPLICIT ReAL*S IA-H,o-ZI 
COMMON/CV/NUMEL,NUPTS,NUBPTS,IBANDP,MBAND.N8LOC.NDFRE,1FLAG.LVECT 

1, !TEMP ,i'lL VT 
COMMON/SS/IGEN,ISHEAR.JSHEAR.NRED,IREACT.NTRUSS,ISIG,1ROT 
COMMON 10141.NODES,OUADT.NTRI.IX1,IBDI200,71, 

16((200,61. SI 37,37 I ,PT( 37,51 ,PXSI3151 
2 • THQ 1 .. " ANG, TPC 1'5,4,51, TP 1, TP2, XI41 .YI~tl • zr41 
3.011. 012,022, D33,EM, Gl, G2. C(3,41. EO."'. GM, OP141. 
4 PX219201. TGI3.3.'tI. PX31961.ISPRNGI501.SPRINGI6,501 
5 .NOPLIlOO.51 

DIMENSION P(6,100,51, RI61, DXI6.61, Co116220l, LOADSI51.XVI201 
1 ,THO 15511551 

INTEGER (I,QUADT 
EQUIVALeNCE ITHQII)'THQI551111 

C 0INDFRE**2.6,251,IBDINUBPrs.NDfRE+l,IBCINUBPTS,NDFREI,IBCINUPTSI 
C I BINUP TS I, PINUP TS,NDFRE I,R I NDFRE 1,10, X, Y'[I NODES I. 

OATA OX/l •• S.O.,O.,1._4*O •• 2*O.,I •• 3*O •• 3*O.,1 •• O.,O •• 4*O.,1.,0 •• 
I 5*0.,1.1 

C ••••• IN IT IAL IZE BLANK COMI'ION IE XCEPT I BI. 
00 6 Iw I, 1~08 

6 IQIII-O 
00 561 I s h37 
00 562 K=I,5 

562 PH 10 K 1= 0.0 
00 561 J=h 37 

561 SI I.J 1=0.0 
00 563 1-1,1522 

563 PX5111·0.O 
00 56" 1=1,50 

564 1 SPRN GI 11-0 
00 566 1= 1,6 
00 566 Js 1. 100 
00 566 K-l,5 

566 PII.J,KI-O.OOO 
DO 561 1=1,6 
00 568 J= I, 200 

568 BCCJ,l)al).OOO 
DO 569 K= I, 50 

569 SPRINGI "Kl-O.ODO 
567 CONT INUE 

DO 571 1= h 100 
00 571 J= I, 5 

511 NOPLlI,JI'O 
IK-l 
PRINT 82 
PR INT 83 
L-O 

7 L'L+I 
READ 528.IIBDIL.KI.K-I,71,LIM.MOP.IBCIL,JI,J=I.61 

528 FORMAT115,IX,611,213,2X,6FIO.01 
PR INT 81. II SOl L. K "K; 1. 71 ,LIM. MOP.I Be (L • KI ,K=I , NDFREI 

IFIL.EQ.NUBPTSI GOTO 1'0 
I F (MOP I 7, 7, 8 

8 K= IBOIL, II+MOP 
00 70 I=K.LIM,MOP 
L·L +1 
IBDIL,ll=1 
00 70 J= I, NDFRE 
IBOIL,J+II=IBDIL-I.J+II 

70 BCtl.JI;BCIL-l.JI 
IFIL.LT.NUBPTSI GOTO 1 

14 

79 
150 
529 

151 

IFIIGEN.GT.OI GO TO 150 
PRINT 90 
PRINT 91 
00 79 L~ I.NUBPTS 
PRINT 89.IIBDIL.KI,K=I. 71 ,IBCIL,KI,K=I,NDFREI 
READ 529,NSPRNG 
FORMATI161S1 
PRINT 151,NSPRNG 
FORI'IATI30HONUM8ER OF NODES WITH SPRINGS·.lS,/1 
IF INSPRNG.LE. 01 GOTO IS' 
PR INT 29 
L~O 

21 L=l+1 
NWDS=NDFRE+3 

531 
READ 531, I SPR NG I L I, LIM, MOP, I SPR I NG I K. U ,K=1 ,6 I 
FORMA Tl3I 5. 5X, fF IC. 01 

PRINT 23, ISPRNGlll,lIM.MOP,( SPRING(K,LI ,K=I,NDFREI 
IF IL.EQ.NSPRNGI GOTO 15 
IF (MOPI 21,21,2~ 

2~ K = I SI'RNGI L I +MOP 
DO 25 1 = K,llM,MOP 
l=L +1 
ISPRNGIL 1= I 
00 25 J • I,NDFRE 

25 SPRINGIJ,LI=SPRINGtJ,L-li 
IFIL.L T .NSPRNGI GOTO 21 
IF IIGEN.GT.OI GOYO 15 
PRINT 26 

2S 
15 

532 

PR INT 21 
DO 28 L = I.NSPRNG 
PRINT 35.1SPRNGllI,( SPRINGIK,l) ,K=I ,NDFREI 
READ 532,lVEeT,ILOADSIKI.K=t,SI ,UPL 
fORMATI615,FIO.OI 
PRINT 51.LVECT.LOADS,UPL 

51 FORMAT IItlX.40HNUMBER OF INDEPENDENT LOAD CASES 
.IX.IoOHNUMBER OF LOADED NODES FOR LOAD CASE I 
,IX,IoOHNUMBER OF LOADED NODES FOR LOAD CASE 2 
,1X,IoOHNIJMBER OF LOADED NODES FOR LOAD CASE 3 
,IX. "OHNUMBER OF LOADED NODES FOR LOAD CASE ~ 
, IX, 40HNUM8ER OF LOADED NODES FCR LOAD CASE 5 
.IX,23HUNIFORM VERTICAL LOAD =,IPEI2.~ I 

=.151 
'.151 
=,151 
=.151 
=,151 
=,151 
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READ 5Z9,ISKIP,JSKIP 
PRINT 8S,ISKIP,JSKIP 

If I IGEN.L T.ZI PRINT 81 
NTRUSS=O 
NOIlLOC = a 
REW IND9 

C ••••• CONCENTRATED NODAL POINT LOAD GENERATION 
DO 13 1= I, L'IECT 
11= 1 
NLN=LOADSI I I 
IfINLN.L E.O I GO TO 13 
PR INT 84. I 
PRINT 86 

11 READ 531,M.LlM.MOP,!RIKI,K=I.61 
PRINT 85.M.LIM.MOP.R 
IfIMOP.L E.O I 1I M=M 
IfIMOP~E.OI MOP=1 
DO 1Z L=M.LIM,MOP 
NOP L I II, I I =L 
00 75 K=I.NDFRE 

15 P IK. 11,[ I=RI K I 
1Z 11=1101 

IFIII.LE.NLNI GO TO 11 
73 CONT INUE 

DO 14 L'I= I.L 'lEe T 
I F I I GEN .G T • ZI GO TO 14 

NLN=LOADSIL'I I 
IFINLN.LE.OI GO TO 14 

PR INT 9Z.L'I 
PRINT 86 
PRINT 88.INOPLlL.LVI.IPIJ.L.L'II.J=I.NDFREI.L=I,NLNI 

14 CONTINUE 
DO 10 ll=I.NUMEL 
READDI IO,NODES.OUADT 
READ!31 THOlS5 
MD=NODES'NDFRE 
IF I NODES.EO.Z NTRUSS=NTRUSS+I 
IFINODES.EO.ZI GO TO 600 
DO ZO 1= I. NODE 5 
TGII.I,\I=CII.11 
T G I I. Z. I 1 =C ( Z. I 1 
T G ( 1. 3, I I=C I 3. I ) 
TG(3,l'(I= CIZ'[I'EI3'[I-CI3.lI"EIZ.II 
TGI3. Z. I I=-CII, I )"EI3'! )oC(3'[) "EIl.I) 
TGI3')'! 1= CII, II"EIZ'! )-CIZ.II·EIl.1I 
CONST=DSORTI TGI 3, 1.1 1"ZoTGI3.Z.1 I"Z+TG 13 ,3, I I"ZI 
TGI 3. I. I I=TGI 3, I.II/CDNST 
TGI3. Z.I I=TGI~, Z.I) ICDNST 
TGI3.3.1,=TGI3.3.!I/CONST 
TGIZ.I.I'= TGII,3'[)"TGI3.Z.I)-TGII.Z,I)·TGI3.3,11 
T G I Z. Z. I 1;- TG II , 3. I I" TG 13.1 ,I I. TG I I .1 ,[ ) 'TG 13 .3 ,[ ) 

ZJ TGIZ.3.!)= TGII,Z'!I"TGI3.l,[I-TGIl,I'!I"TGI3.Z'(1 
600 CALL ODSHEl I \SHEAR.JSHEAR.ll.ISKIP,JSKIP) 

CALL MODIFY INODES.NDFRE,L'IECT.LOADS,NOPL,PT.P.IBD.S.BC. 
NSPRNG. I SPRNG • SPR I NG ,[ O. NUB P TSI 

WRITEIIl NODES.MD,IIOlll,L=I.NODESI 
WRIT E I Z) I I P TI I , J I , I = I ,MD I ,J= 1 .11 ,( I 5 I I , J I • J= I ,MD) • I = I , MD 1 

I~ CONTINUE 
81 FORMATI 14.IX.61 1.IX.ZI4.lX.lP6EIO.31 

8Z FORMAT I/,lX,4tHDUPLICATlON OF INPUT BOUNDARY CONDITION CARDS.,I 
,lX.50HDI,DZ AND 03 ARE TRANSLATIONS IN BASE COORDINATES., 

lolX.41HD4.D5 AND 06 ARE ROTATIONS IN BASE COORDINATES.I 
83 FORMATlIX. 3HPT •• IX,6HIZ3456.ZX.IIHLIM MOO DI.8X.ZHDZ,8X,ZHD3. 

I 8X. ZHD4. ex, ZHDS.8X,ZHD6 1 
84 FORMATl48HODUPL ICATION OF INPUT NODAL FORCES.LOAD CASE NO.,151 
8S FORMAT I 314, 3X, IP6Ell.4 ) 
86 FORMATlIX.llHPT. LIM MOD,4X,ZHPI.9X.ZHPZ ,9X.ZHP3 .9X.ZHP4, 

1 9X. ZHP5. 9X. ZHP61 
81 FORMAT ISOHQPDINTS CONTAINED IN EOUIl.EQS •• RIGHT OF DIAGONAL.,! 

1H EO. 1 
88 FORMAT( 14.11X.IPH 11.41 
89 FORMAT I 14,6IZ. IX.IP6E 11.4 I 
90 FORMATISSH080UNDARY CONDITIONS OF POINTS HAVING SPECITIED DISPLS.l 
91 FORMATlIXol1HPT. I Z 3 456 ,ZHDI,9X.ZHDZ,9X.ZHD3,9X.2HD4. 

I 9X. ZHD~, 9X. ZHOtl 
9Z FORMATI43HOTOTAL APPLIEO NODAL POINT FORCES,LOAD CASE.11) 
Z6 FORMATIS4H BOUNOARY CONDITIONS OF POINTS HAVING SPECIFIED SPRING 

IOHCONSTANTS. 1 
21 FORM A T I I X. 3HP T •• 5 X. ZHD I. 9 x, ZHD Z • 9 X. ZH 03 .9 X.Z H D4 ,9 X • Z HD5 ,9 X • ZHD6 I 
Z9 FO~MATl/.LX,38HOUPlICATION OF INPUT SPRING CONSTANTS •• I, 

.IX, 3HPT., ZX, 1HLIM MOD.ZX,2HDI ,8X.ZH02 .8X.ZHD3 .8X ,ZHD4,8X.ZHD5. 
• 8X. ZHD6 1 

23 FORMAT 114.IX.ZI4.IX.IP6EIO.31 
3S FORMAT 114.4X.IPHll.41 

RETURN 
END 

SUBROUTINE MODIFY INODES.NDFRE .LVECT,LOADS,NCPL.PT. P.IBD.S. BC. 
.N SPRNG. I SPRNG. SPR I NG • I O.NUBPT 51 

IMPLICIT REAL'8 IA-H.D-ll 
DIMENSION LDADSI ~1.NOPlII~O.S) .PTl31.S1 .PI6.l00.51.IBDIZJJ.11 

• 5 I 31. 311 ,BC I ZOO. 6) • I SP RNG 150 I .5 PRI NG 16 • SO 1 • I Q 14 1 
C 
( ••••• T"IS SUBROUTINE MODIFIES ELEMENT STIFFNESS AND fORCE 
C ••••• MATRICES FO~ CDNCENT~ATED FORCES BOUNDARY CONDITIONS 
C ••••• AND SPRINGS 

DO SO J=I.NODES 
C 
C ..... MODIFY ELEMENT FORCE VECTOR fOR CONCENTRATED FORCES 
( 
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C 

DO 62 K= l.lVECT 
[FIlOAOSIKI.lE.O) GO TO 62 
lK=lOAOSIKI 
00601=I.lK 
IFINOPL( [.KI.NE.[QIJII GO TO 60 

NOPlI I.K)=-NOPlI [.KI 
JJ=IJ-lJ*NOFRE 
DO 61 M=I.NOFRE 
JJ=JJ+I 
PTlJJ.KI=PT( JJ.KI+PIM.[ .KI 

61 CONTINUE 
60 CONTINUE 

62 CONTINUE 

C ••••• MODIFY STIFFNESS AND FORCE MATRICES FOR BOUNDARY CONDITIONS 
C 

C 

DO 63 1= I. NUBPT5 
IFIIBD([.lI.NE.[QIJII GO TO 63 
JJ= I J-I I*NOFR E 
DO 64 K= I, NDFRE 
JJ=JJ +1 
IFIIBDII,K+lI.lE.OI GO TO 64 

51 JJ.JJ I = 1.0030 
00 6S M= l,lVECT 

6S PTlJJ.M)=1.0030*BCII.KI 
64 CONT[NUE 
63 CONTINUE 

C ••••• MOO[FY STIFFNESS FOR SPRINGS 
C 

IFINSPRNG.lE.CI GO TO SO 
DO 66 [= I, NSPRNG 
IFIISPRNGIII.NE.IQIJII GO TO 66 
JJ=IJ-U*NOFRE 
DO 67 K= 1, NOFRE 
JJ=JJ +1 
IFISPR[NGIK, II.lE.OI GO TO 67 
S I J J, J J 1= SP RING I K,[ I 

67 CONTINUE 
ISPRNGI [1=- ISPRNGI I I 

66 CONTINUE 
SO CONT INUE 

RETURN 
END 

SU8ROUTINE QOSHEl I I SHEAR,JSHEAR,lZ.ISKIP,JSKI P I 
L~PlIClT REAl*8 IA-H,O-ll 
COMMON/CV/NUMEl,NUPTS.NUBPTS,IBANDP.MBANO.NBlOC,NDFRE,[FlAG,lVECT 

I, ITEMP.NlVT 
COMMON IQI41.NOOES,QUAOT, NTRI ,[XI.[BDI200.7I ,8CI200,61. 

I SI37,371, PT(37,S). TH(3). A0I3.41, 8013.41, 
2 TOI3.361, TRI3.361. T(3,3.41, X~CI3,3,41, THQI41,ANG, 
3TPCI 5, 4,SI,TP I,TP2.XI41.YI41 .Z141 .Oll ,012,022,033 ,EM,GI,G2, 
4PX31241,GM, CP141. AREA. B(3). A131, XMI3,3I, STIIS,151,PX413151, 
S XS[2.21, SCONOI15.6,4J. TGI3,3,4). TOI3,31, TOIS(3,3,31, 
6 TROT(3,3,3). Xl. VI, Zl. X2, Y2, Z2, X3, Y3, l3. 

23FE77 

7 PEI3,S).PI,P2,P3,DI.02,03,QI.Q2.QJ.IX2IS01 ,PX513JJI,IX3ISJJI 
DIMENSION lOC5(10).TXI3,3) ,IPERMI41 ,lOCBI15,4) ,lOCQ13,S.41. 

I lOCM I 5 I , T PIS 1 , TEMP I 2, 5) 
2 .THQ1191 1191,TH43714371.S48114811.PTl3(13) .PTl8S118SI 

EQUIVALENCE IXI.TXI.IPI.TP) 
EQU IVAlENCE I THOI II, THQ 11 SI 1J)'( THl31 .TH4371111. IS II ,21) ,S481 I III. 

I IPTl21,1),PTlJI1I).IPTlI,II,PTl851l1) 
DATA lOCQ 1 

1 I. 2, 3, 6, 7. 8,21,22,23,28,29,35,26,27,34, 
2 6,7.8,11,12.13.21.22,23,30,31.36,28,29 .. 35, 
3 11,12,13.16,17.18,21.22,23.32.33,37,30.31.36. 
4 16.17,18, I. 2, 3.21.22,23,26,27,34,32,33,37 

o AT A l DC B I 1, 2, 3, 4, 5, 6, 7. 8, 9,10,21,22,23,24,25, 
1 6, 7. 8, 9.1J.l1,12,13,14,15,21,22,23,24.25, 
2 11.12,13,14,15,16,17,18,19,20,21,22,2],24,25, 
3 16,17,18,19,20,1,2,3.4,5,21,22.23,24,25 I 

DATA lOC5 1 1,2.6,7,11,12,16,17.21.22 1 
DATA lOCM/I,3,5,7,9/. [PERM 12,3.4.11 
REAl*8 NU,NORM 
INTEGER QUAOT 

C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C ••••• TRANSFORMATION MATRiCES ••••••••••••••••••••••••••••••••••••••••••• 
C ••••• TI],3,41 ••••••• FROM Z TO ZBAR ••••••••••••••••••••••••••••••••••••• 
C ••••• TOI3.3) •••••••• FROM l TO ZO ••••••••••••••••••••••••••••••••••••••• 
C. •••• TGI3.3.41 •••••• FRDM Z TO Z· ••••••••••••••••••••••••••••••••••••••• 
C ••••• TRDTI 3.3. 31 •••• FROM Z· TO ZBAR •••••••••••••••••••••••••••••••••••• 
C ••••• TOISI3.3.31 •••• FROM ZB TO ZBAR •••••••••••••••••••••••••••••••••••• 
C ••••• TI3.3.41 ••••••• FROM Z8 TO lO ..................................... . 
C ••••• COMPUTE INTERNAL M[O POINT COORDINATES IF QUAD •••••••••••••••••••• 

DO 160 I =1,37 
00 162 K = I. 5 

162 PTII.KI = 0.0 
00160J=I.37 

160 SII.J) = O. 
S AR EA= O. 
IF I NOOES.GT.2 
00 161 I = I.NlVT 

GOTO SOO 

T EM P I I. I J = TPC I ]. I. I 1 
161 TEMPI2. [I = TPCI]. 2.11 

CAll TRUSS I IQ.X.Y.Z,THQI1l.THQI21.S.PT.GM.TEMP.TP2.NlVTI 
WRITEI91 IQ.NOOES.QUADT.NTR[ 
IIRITEI91 THQI19 
GOTO 100 I 

50') NTRI=~ 
[FIIQI41.l1.II NTRI=I 
[FINTR[.EQ.II [AOO=IO 
IFINTRI.EQ.41 IAOO=20 
IFINTRI.EQ.lI THI31=THQI31 
IFINTRI.EQ.41 THI31=ITHQIII+THOI21+THQ(3)+THQI411/4. 
AVTH = ITHQI II+THQI21+THQI3I1 13. 
IF I NTRI .EQ. 4 I AVTH = THI31 
00 10 [= I. ~ 

10 lOCQII.3.1'=[AOO+I 
00 II 1=1.5 

11 lOCBII+IO,lI= IAOO+[ 
IF I Oil .GE •• 000001 I GO TO 1101 
IF I XMQII.I.lI .EQ.O •• AND. XMQI2.2.11 .EQ.O. 1 GOTOlOOO 

1101 XC=XI31 
YC=YI3) 
ZC=ZI31 
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TP I 3)=QP I 3) 
IFINTRI.EQ.ll GOTO 7eo 
XC O.ZS*I XI I"'~I Zl+~I3l+XI411 
YC = O.ZS*IYI 1l+YIZ)+Yl3l+YI411 
ZC: O.ZS*IZI 1)+ZIZ)+ZI3)+ZI411 
T PI 3 I: • Z s* I Q P I I) +QP I Z) +QP (3) + QP (4)) 

C ••••• COMPUTE ELEMENT DIRECTION COSINES. TII.J.4) ••••••••••••••••••••••• 
700 DO 130 N = I.NTRI 

M = IPERMIN) 
XI XIMI-XIN) 
YI YIM)-YIN) 
ZI ZIM)-ZIN) 
XZ XC - XIN) 
YZ YC - YIN) 
ZZ ZC-ZIN) 
SII XI*XI+YI*YI+ZI*ZI 
SIZ: XI*XZ+YI*YZ+ZI*ZZ 
SZZ = XZ*XZ+YZ.YZ+Zz*ZZ 
COSIZ - S I2ISll 
XZ XZ + XI.COSIZ 
YZ YZ + YI*COSIZ 
ZZ ZZ + ZI*COSIZ 
SI DSQRT( Sl1) 
SZ DSQRTIXZ*xz+yz*yz+zz*zZ) 
T II.I.N) XI/SI 
TII.Z.N) YI/SI 
TII.3.N) ZI/Sl 
T IZ.I.N) X2ISZ 
TIZ.Z.NI YZ/SZ 
TIZ.3.N) ZZ/SZ 
TI3,l.NI TI I.Z.N)*TIZ.3.N) - TII.3.N)*TIZ.Z.N) 
Tl3.Z.N) TII.3.N)*TlZ.l.N) - TII.l.N)*TlZ.3.N) 

130 T( 3.3.N) TI 1,l.N)*TlZ.Z.N) - TIl.Z.N)*TlZ.l.N) 
I F I NTR 1 • EO • I) GO TO It 00 

C ••••• COMPUTE DIRECTION COSINES OF NI.NZ PLANE •••••••••••••••••••••••••• 
CALL QOCoSI4.X.Y.Z,TO ) 
DO SOOZ Ie I. 4 
QI: XII) 
QZ=YII) 
Q3 = Z II 1 
XIII = TOI l.ll*OI+TOI I.ZI*QZ+TOIl.3)*03 
VI II = TOI Z,l)*Q I+TOIZ. ZI *QZ+ TOI Z .3)*Q3 

500Z Z I 1l=0.0 
XC 0.ZS*IXlll+XIZ)+~13l+XI41) 
YC = O.ZS*I YI ll+y( Z)+YI3l+YI4) 1 
ZC: 0.ZS*IZIIl+ZIZl+ZI3l+Z(41) 
TP(3)= .ZS*IQPI Il+QPIZl+QPI31+QP(41) 

C ••••• COMPUTE ELEMENT DIRECTION COSINES. TlI.J.41 ••••••••••••••••••••••• 
DO 13 I N = I. N TR I 
M = IPERMIN) 
X I X I M )- X IN) 
YI YIM)-YIN) 
ZI ZIM)-Z/N) 
XZ XC-XIN) 
YZ YC - YIN) 
ZZ ZC - ZIN) 
Sl1 
SIZ 
S ZZ 
CoSl2 

XI*XI+YI*YI+ZI*ZI 
XI*XZ+YI*YZ+ZI*ZZ 
XZ*XZ+YZ*YZ+Zz*ZZ 
= -SI2ISll 

XZ XZ + XI.COSIZ 
YZ YZ + YI*COSIZ 
ZZ ZZ + ZI*CoSIZ 
SI DSQRTlSll) 
SZ DSQRTIXZ*XZ+YZ*YZ+ZZ*ZZ) 

C ••••• CDMPUTE A'S AND B·S ••••••••••••••••••••••••••••••••••••••••••••••• 
1100 ADIZ.N) SI*COSIZ 

ADI3.N) SI 
ACII.N) -ADI3.N )-ADI Z.N) 
BCII.N) -I SZZ+COSI2*SIZ)/SZ 
BCIZ.N) -BDII.N} 

131 BoI3.N} O. 
C ••••• DIRECTION COSINES FOR MID POINT IF ELEME~T IS A TRI. •••••••••••••• 

DO 900 1= I. 3 
DO 900 J = I. 3 
XMII.J)=O. 
IF INTRI.EQ.I) TOII.JI=TlI.J,l} 

900 CONTINuE 
C ••••• SUM OVER 4 T~ IS. IF QUAD OR I TR:. IF ELEMENT IS A TRI •••••••••••• 

701 DO 301 NT = I,NTRI 
N I = NT 
NZ = IPERMINI) 
THII)=THQINll 
THIZ)=THQINZ) 
TPII)=QPINll 
TPIZ1=QPINZ) 

C ••••• CoMPUTE TRANSFORMATIONS FOR EACH POINT OF TRIANGLE •••••••••••••••• 
DO ZOO I = 1,3 
TPI 1+3)=THI I )*GM 
TPI l+b)=TI I. 3.NT) 
All) = ADII.NT) 
BII) = BDII.NT) 
TI TII,l.NT) 
TZ TlI.Z.NT) 
T3 TII.3.NT) 
DO ZOO J = 1.3 
TROTII.J,l) Tl*TCIJ.lI 
TROTlI.J.2) TI*TOIJ,l) 
TRoTlI.J.3) Tl*TOIJ.ll 
TOISII.J.ll TROTII.J.ll 
TDISII.J. Z) TROTII.J.Z) 
TO lSI I,J. 3) TP.OTl I.J.3) 

ZOO CONTINUE 

+ TZ*TOI J.Z) 
+ TZ*TJIJ.Z) 
+ TZ*TOI J.ZI 

+ T3 *TO I J. 3 I 
+ T3 *T J I J .3 ) 
+ T3*TOIJ.3) 

C ••••• SCORE BASE TRANSFORMATION MATRiCES •••••••••••••••••••••••••••••••• 
C= DCOSIANG I 
R= OSIN I ANG I 
I FIN TR I • EQ • II GO TO Z 0 I 
CC=TOISII.I,31 
RR=TOISII. Z. 3) 
CS=DSQRTICC*CC+RR.RR) 
CC=CC/CS 
RR=RR/CS 
C= CC*OCOSIANG~RR*OSINIANG) 
R= CC*OSINIANG)+RR*OCOSIANG) 

ZOI CALL SSTQMS I C.R.Oll.OIZ.OZZ.033.XM 
XSI I. I)=GI 
XSIZ.Z)=GZ 
X S I I. Z)= O. 
XSIZ.I)=O. 
KK=INT-Il·q 
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DO 1 K=1,3 
l~KK+IK-ll*3 

DO 1 J= 1,3 
XMQIK,J,NTJ~XMIK,JJ 

Jl=J+L 
DO 1 1=1,3 
TDI I,Jl,=TDISI I,J,KI 

1 TR II, JlI~ TRO Tit, J ,K 1 
( ••••• COMPUTE AREA OF TRIANGLE •••••••••••••••••••••••••••••••••••••••••• 

3 AREA = AI31*BI ZI - A 121*6131 
SAREA = SAREA + AREAI2. 

C ••••• FORM AND TRANSFORM MEMBRANE STIFFNESS TO BASE SYSTEM IF A TRI ••••• 
C ••••• FORM AND TRANSFORM MEMBRANE STIFFNESS TO LO SYSTEM IF A QUAD •••• 

I F I QUAOT .GT.O I GOTO 5000 
IFINTRI.EQ.lI CAll ClSTlO (3,3,TH,AREA,B,XM,STI 
IFINTRl.EQ.4) CAll ClSTIO 15,I,TH,AREA,B,XM,STI 
I EN(}<3 
IFINTRI.EQ.41 lENO=5 
DO 21 It= I,1END 
I=LOCMIIII 
IFIII.LT.41 Il=1I 
DO 27 JJ=I,11 
J=LOCMIJJ) 
IFIJJ.LT.41 JL=JJ 
l S= 1 
DO 21 K= 1, 3 
N=lOCQIK,JJ,NT) 
HI=Srll ,J )*TOI Sll,K.JU+STI I ,J+lI*TDI SI2 .K,JU 
H2=STlI+l,J I*TDISll,K,JL)+Src 1+1 ,J+lI*TOI SIZ,K.JU 
IFII.EQ.JI LS=K 
DO 21 L=LS.3 
M=lOCQIL, I (,NTI 
SIM,NI'SIM,NI+TOISII,l,lll*Hl+TDI SI2.l,! U*H2 

21 SIN.M)-SIM.NI 
( ..... FORM AND TRANSFORM PLATE SJlFFNESS TO BASE SYSTEM IF A TRI ....... . 
C ••••• FORM AND TRANSFORM PLATE STIFFNESS TO lO SYSTEM IF A QUAD ••••••• 

SOOO IF I Ll.LT.ISKIP .OR. ll.GT.JSKIP 1 GO TO 6002 
GOro 301 

6002 CALL SLCCT 1 g.I SHEAR, NT, 01 
DO 300 II = It 3 
K = 3*11 - 2 
KK = 5*1 I 1- 11 
00 300 JJ. 11,3 
L = 3*JJ - 2 
LL = S*'JJ-lI 
DO 300 M = 1,5 
J LL + M 
JS = LOCBIJ,NTI 
IF IM.GT.31 GO TO 21C 
Tl- TDISI3,M.JJI 
HI = STlK, L I*T3 
H2 = Sf! K+l,ll*T';! 
H3 - STtK+2,ll*T3 
GO TO 280 

210 TI TROTll,M-3.JJI 
TZ TROTlZ,M-3,JJI 
HI = STIK, L+ll*Tl + STIK. l+21*T2 
HZ STlK+I.L+lI*Tl + 5T1K+l,L+21*T2 
H3· STlK+2.L+1I*Tl + STlK+2.L+21*T2 

2 ao DO 300 N· 1,5 

I = KK + N 
IF II.GT.J) GO TO 300 
IS = lOCBll,NTJ 
IF IN.GT .3) GO TO 20;0 
SIIS,JS) • 51 ISdSI + Hl*TDISI3.N,1I1 
GO TO 295 

290 SIIS,JSI • 5115,JS) + H2*TROTII,N-3,111 + H3*TROTI2.N-3.1II 
295 SIJS, 151 ~ 5115,J51 
300 CONT INUE 

CALL NLOAD IQI.Q2,Q3,PI,P2,P3,DI,02,D3,PE,AREA.A,S,THI 
DO aoo 1=1,3 
K=I 
IFINTRI.EQ.41 K=3 
Ql=PEll,.1 
Q2=PEI2.11 
Q }=PE13, II 
DO 800 J= 

1 
800 PTl85Ill=PT185Ill.ro 151I,J,K)*QI+TOISI2,J,KI*Q2+TOISI3.J,KI.Q3 
3)1 CONTINUE 

IFINTRI.EQ.II Gom ICGO 
IF I QUADT .GT.O 1 GOTO 5001 

C ••••• ELIMINATE TRANSL. COMPONENTS NORMAL TO ~1.N2 PLANE OF MIOSIDE NODE 
00 3~ 1= 1, 31 
511. 31=SII. 31+SII,34112. 
511. 81=511, 81+5( I, 3~1/2. 
5 I I, 13 1= S I I, 131 + S I 1 , 36112. 
SI 1,181=511, 181+Sll,H1I2. 

34 SII.23)=511,23I+ISII,34I+SI.,351*SII,36)+SII,371112. 
DO 35 J= I, 31 
SI 3,JI=SI 3.JI+SI3~.J)I2. 
51 8.JI=SI 8,JI.SI3S,JII2. 
Slll.JJ=SI13.J)+SI3hJI/2. 
SII8,JJ=SI18,JI+SI31.JII2. 

35 5123,JJ=SI23.J)+ISI3~,JI+SI35.JI+SI36tJI+SI37,JJI/2. 
GOTO 5004 

5001 CAll SSTQM5 ( OCOS1ANG),DSINIANGI.Dll,OIZ,D22.D33,XM 
DO 5)05 1= 1,3 
DO 5005 J= I, 3 

5005 XMII,JI=XMQII,J.ll*THI31 
CALL QM5STF 1 X,Y,XM,ST 1 
DO 5003 1= 1. 10 
II=LOC5111 
DO 5Q()3 J= 1.10 
JJ=lOC51 J, 

5003 S III.JJ I=SIII,JJ '+STll,J) 
DO 5500 1 I, It, 5 
PTI8511'=PTle~I 1)+PTl851211/4.0 

5500 P I+U=PTl851I+U+PTl8SI221/4.0 
PT 211 0.0 
PT18512Z) 0.0 

C ••••• CONDENSE INTERNAL OEGREE5 Of FREEDOM •••••••••••••••••••••••••••••• 
50J~ IF I LZ.LT.ISKlP.OR.ll.GT.JSKIP) GOTO 6001 

DO 60CO J=23,25 
00 6000 l= 1,33 
SI[,JJ=O. 
SIJ.II=O. 
IF I l.EQ.J SI I,J) 1. 

6Y)) CONT INUE 
6001 NOOFO=33 
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IF I QUADT.GT.O ) NDDFQ~25 
NDOFC= 13 
IF I QUADT.GT.O I NOOFC=S 
00 400 N =I,NDOFC 
I(=NOOFQ-N 
l = K • I 
PIVOT = Sll,lI 
00 400 1 = I,K 
C = SI I,ll/PIVOT 
PT1851 1,=PTI8511 )-C*PTlS5IU 
SII.ll=C 
00 400 J = I,K 
SII,J I = SII,JI - C*SIL,JI 

40J S I J. I. = S I I, J I 
C ••••• ESTABLISH TRANSFORMATION fROM BASE COURDS. TO NI,N2 PLANE ••••••••• 

1000 l2=3 
IF INTRI.EO.4) l2 = 4 
IfIIFlAG.EO.II GOTO 39 
00 38l=I,L2 
0038 1=1.3 
00 38 J= 1. 3 

38 TII,J,LI=TOII,JI 
GOTO 1002 

3900 40 L=I,L2 
00401=1,3 
00 40 J= I, 3 
T I I, J • l )= I) • 

00 40 K=I,3 
40 TlI,J.l )=TlI,J.ll+TOII 

1002 WRITEI9' IO,NOOf 
PR= CI2IOIl 
AlP=TP2 

C ..... FORM THERMAL FORCES 
CAll TRIPlTI PR,AlP,NlVT) 
WR [TE(9) TH431 
IF I OUADT.GT.O I WRITEI9' X,Y 
IF I JSHEAR.EO.6 , WRITE!9' SCOND 
IF INODES.EO.4 , ~RITEI91 S481 
IF I NOOES.EO.4 , WRITfl91 PT13 
IF I XMQ! 101, II .EO. O •• AND. XMQI2,2.11 .EQ.O. I GOTO 1001 
CAll ROTAS INOOES,NDFRE.EM,SAREA,AVTH.S,PT,NlVT) 
CAll TRANSF !NODES.NDFRE,T,S,PT.NLVTI 

1001 RETURN 
END 

SUBROUTINE ROTAS !NODES,NDFRE,EM,AREA,TH,S.PT,NLVTl 
IMPLICIT RFAl*B IA-H,O-Il 
COMMON/SS/IGEN,ISHEAR,JSHEAR,NRED,IREACT,NTRUSS,ISIG,1ROT 

C ••••• THIS SUBROUTINF COMPUTES A FICTITIOUS ROTATIONAL STIFFNESS USED 
C ..... IN MODIFYING 5DOF TO I> DOF. ASSUMED COl'.STANT IS 0.02 

DP'IENSION SI31,311.PTl31,SI ,lOC61201,LOCR141,ST(24,241,P124,51 
DATA lOCl>/l,2.3,4.5. 7.8,9,10,11. 13.14.15.16,11, 19.20,21,22,231 
DATA LOCR/6.12,IB.241 
NDIM • NODES*NOFRE 
DO 10 I ~ I.NOIM 
DO I ILVI = I.NlVT 
PII,JLVTI = O. 
DO 10 J I,NOIM 

10 S T I I. Jl O. 
NS I ZE 5*NODE S 
DO 20 I.NSllE 
II LOCH II 
00 11 ILVT = I.NLVT 

II PI lI.1l \I II = P II I ,( l VT I 
DO 20 J = I. NSIZE 
JJ = LOC6IJ) 

20 S TI I I , J J I = S II • J I 
IF I IROT .GT.O I GOTO 50 
FACT =J.J2*EM*AREA*TH 
DO 30 I ; I,NODES 
II LOCR I II 
00 3() J = I,NODES 
JJ ; LOCRIJ I 
ST( I I.JJ I = -0.5*FAC T 
IF I II.EO.JJ .AND. NODES.EO.3 STlII,JJI I.O*FACT 

30 IF I II.EQ.JJ .AND. NODES.EQ.4 STIII.JJI 1.5*FACT 
50 CONT INUE 

DO 40 I = I,NOIM 
00 51 IlVT ~ I,NlIIT 

51 PH I. ILIIO = PII, ILVT) 
DO ... ~ J • I,NOIM 

40 SII.JI = STlI.J) 
RETURN 
END 
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SUBROUT INE SASE IT.LI 
IMPLICIT REAL'S IA-H.O-ll 
COMMON IIBI TXI3.3J 
OIMENSION TI3.3.41 
L = L+I 
0011=1.3 
DOIJ=I.3 
TXCl.JI = TII.J.LI 
RETURN 
END 

SUBROUTINE TRANSF INOOES.NDFRE .T.S.PT,r'LVTI 
IMPLICIT REAL'S (A-H.O-ZI 

C ••••• THIS SUBROUTINE IRANSFORMS MATRICES TO THE BASE SYSTEM 
COMMON ITBI XI. n.zl. XZ.YZ.ZZ.X3.Y3.Z3 
OIMENSION SI31.371.PTl31.5I,TI3.3,41 

C ••••• TRANSFORM TRANSLATION COMPONENTS 
L = 0 
LIM = NOFRE*INOOES-ll+1 
NSIZE = NOOES'NOFRE 
DO 1 [[ = I.LIM.NOFRE 
CALL BASE (T,LI 
DO 10 [LVT = I,NLVT 
01 PTII [.ILVT I 
OZ = PT([I+I,lLVTl 
03 = PTI [I+Z. ILVTI 
PTlI[,ILVT J XI*01+YI*Oz+Zl'03 
PHI [.1, ILVTI = X2*01.YZ*OZ+ZZ'03 

10 PTI I[+Z. ILVTI = X3'01+Y3'OZ+Z3'03 
00 1 I = II.NSIZE 
F = S I [. I I I 
G = 51 I. 11+11 
H=SII.[I+ZI 
SII,II I F'XI+G'YI+H'ZI 
5([,11+11 F*XZ+G*Y2.HOZZ 
SI [, [[tZI F*X3+GoY3+HOZ3 
L = 0 
LIM = NSlZE-3 
00 2 11 = 3.L IM.NDFRE 
CALL SASE (T.L I 
DO Z J = I.I I 
F SllI-Z.JI 
G=SIII-I.JI 
H = SIll ,JI 
S I [I-Z.J I F'X ItG*Y I+HOZ I 
S( II-I.J I = FOX2+GOY2+HOZ2 

2 SIll .J I = F*X3+GoY3+HoZ3 
C ••••• TRANSFORM ROTATION COMPONENTS 

L = 0 
LIM = NOFREoNOOES-7. 
DO 3 I I = 4.LlM.NDFRE 
CALL BASE (T.L I 
DO II ILVT = I.NLVI 
01 PTlI[,(LVT I 
o Z = P TI [ 1+ I'[L VT I 
03 = PTI II+Z. ILvn 
PTe I I. [LVT I XI'01+YI'02+l1003 
PTlII+I. ILVTI = XZOOI+yzo02+Z2'03 

II PTI 11+2. ILVTI = X3'01+Y3'02+Z3'03 
00 3 I = [I.NSIZE 
F = SII.II I 
G= SI [.11+11 
H=SII.II+21 
S (1,1 [ I F'X I+G'Y I+H'Z I 
S{I. [1+11 F'x2+C'Y2+H'Z2 
S( 1.11+21 F'X3+C'Y3+H'Z3 
L = 0 
DO 4 [I = 6.NSIZE.NOFRE 
CALL BASE IT.L I 
DO 4 J = I. [ I 
F = S( [1-2,J1 
G = SIII-I.JI 
H = SIll .JI 
S([1-2.JI F*XI+C'YI+H'ZI 
SIII-I.JI = F'XZ+G'YZ+H'ZZ 
S I I I .J I = F'X 3+G'Y3+H'Z 3 
DO 5 J I.NS[ZE 
DO 5 [ I.NS[ZE 

5 SIJ,l1 SII.JI 
RETURN 
ENO 

S U BRO UT I N E TR US S ( I Q , .x , Y.1 ,A RE A ,E , S, PT. G ~,T E MP , T P2 t NlVT ) 
[MPL IC[T REALoS IA-H.O-ZI 
DIMENSION [0(41. XI41, Y(41. l(41, S1370371.PTl37,51 
O[MENSION A(3.31. lO(61. TEMP(Z.51 
DATA LO I 300.303 I 
EOUIVALENCE (AII.1l.Xll,IA(2,lI.Yll,(A13,lI.Zll. 

1 (AI 1.2),':-:2),(AI2.2) ,Y2) .(AI3,2) ,12), 
2 (A I I. 3 I • X3 I , I A ( 2 .31 , Y31 • I A (3 .31 .n I 
~EAL.e L.ll.L2,l~,ly,11 

DO I 1=1.37 
00 I J=I.37 
S ( [. J 1= O. 
L = OSOR T ( ( X ( 11- X 121 1002 +( Y( 11- Y( 21 10*2 + IZ ( I'-l( ZI I **ZI 
L 1= EI L 
L2=ElL**2 
L3=ElL"3 
S( I. lI=AREAOLI 

t-' 
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SI 7, lI=-AREA*LI 
SI I. 71=SI 7, 1) 
SI 7. 71=AREA*ll 
ll=XI21-XI II 
l 2='1 I 21-'11 II 
l3=ZI21-1I11 
HI=OSORTlll**Z+L2**21 
C 1= 1. 
S 1=0. 
IFIHI.GT •• OOOOOII CI-LI/Hl 
IFIHI.GT •• JOOOOll SI=l2/HI 
C2=HI/L 
S2=-l3/l 
AO,lI=ll/l 
A I I, 2)=l 21l 
All, 3)=L 3/L 
A 12.1 )=-S I 
A12,21= C I 
AIZ,31= o. 
A(3, lI=C I*S2 
A I 3, 21= S I*S2 
A 13,3'=( 2 
DO 4 11= l. 6, 3 
I<j = II + LOI III 
DO 4 1=11.6 
11 = I + LOlli 
F=SII1, 1'1 I 
G=S(I1, N+II 
H=SII1, N+21 
SII1. I<j )=F*XI+G*YI+H*ZI 
SII1. N+I,=F*X2+G*Y2+H*Z2 
S 111, N+21= F* X3+G*Y3+H.Z 3 
DO 5 11=3. b,3 
11· II + LQIIIJ 
DO 5 J= I. II 
N = J + LO I J I 
F= SI 11-2,1'11 
G=SI 14-1,1'11 
H=SI 11 .1'1 I 
SI 11-2.NI-F.XI+G*YI+H*ZI 
SI H-I,NI=F*X2+G*YZ+H¥Z2 

5 SI 11 .NI-F*X3+G*Y3+H*Z3 
DO b J=I, 12 
DO 6 1=.1,12 

I> SIJ. 1)-SII,.I) 
00 10 ILVT = I,NLVT 
AVTP - 0.5*ITEI1PII.lLVTI+TEI1PI2.llvTlI 
PP • E*TP2*AREA*AVTP 
DO 10 1= I, 7, t 
PP -PP 
PHI, ILVT I = PP*C2*C I 
PTlI+l.llVTI PP*C2*SI 

1() PTlI+2.lLVTl ~ -IPP*S2hGMOL*AREA*O.5 
7 RETURN 

END 

c 

SUBROUTINE SSTOM5 I C.R.01l,012,022.033,XM 
IMPLI (IT REAL *8 (A-H ,O-Z 1 
DIMENSION XM13.31 

20 I S 4_R*0 4 
(4=C*·4 
S2(2=fUR.C*C 
SC3=R.C" 3 
S3C=R**3*C 
XM II, II=C 4*0 II+S4*022+ S2C 2 0 1 2. *012+4. *0331 
XM 12, 11= I S4+C 41*0 12+S2C 2*10 11+022-4. *0331 
XM I 3, 11= SC 3* 1-0 11+0 12+2. *0331 + S3C * 1-012+021-2. ·0331 
XM 12,21= S4*0 II +C 4 00 22+S2C 1*12.0012+4. *0331 
XM 13,21= 5C 3* 1-0 IZ+O 22-2. 00331 + S3C 01-011 +012 +2. ·033) 
XMI3,31=IC4+S41*033+S1C101011-2. 00IZ+ 0 ZZ-Z.*0331 
XMI I.ZI=XIH Z.lI 
xM I 1,31= XM I 3, II 
XM I Z, 31-XMI3, 2) 
RETURN 
END 

SUBROUTINE OM5STF I X,Y.OO.QQ 
IMPLICIT REAL*S IA-H,C-ZI 

C ••••• QM5 MEMBRANE STIFFNESS MATRI X FOR A GE~ERAL QUAD 
C 

DIMENSION XI4J.Y(41,ODI3,31,QOI15.151 
DIMENSION IlCI 3dOI,SS(4),TTl41 
DATA S5 1-1.,1 • .1.,-1.1. TT 1-1 • • -1 •• 1 • • 1.1 
DO b 1=1.15 
DO b J=l, 15 

b OQ( 1 • .11=0.0 
RI2 Xill XIZI 
RI3 XIII-XI31 
it14 XIII - XI41 
RZ3 XIZI XI31 
R24 Xl21 xl41 
1\34 X131 - xI41 
112 VI II VI21 
Z13 VIII-VOl 
1I4 VIII - YI41 
lZ3 '1111 - YI 31 
Z24 VIZI - YI41 
l34 YI31 - VI41 
VOL=R 13. Z 24-1', 24*l13 
CALL QM5C2 I R13,R24,Z13,ZZ4.VOL,X5.Xb,X7.X6.V5,Yb,Y7,Y8 
DO 30 II~ 1. 4 
S=SS( 11).O.5773502t<Jl€'l6Z6 
T=TTlllloO.577350U<ilS<i6Z6 
CALL QM5CI I S.T,RIZ.RI3.R14,RZ3,R24.R34.ZIZ,Z13,1I4,Z23.l24.l34. 

VOL, X I, Xl. X3. X4. XC • Yl ,YZ • Y3 ,'14, YC.X JAC ,X II I • X 12 I • 
XI 31,X(41.YIII ,V(ZI ,'1(31.'1141 I 

C..... FORM STIFFNESS 00 
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C 

DO 10 [= I. 3 
01 DOl [. ll*XJAC 
02 = DOl [. 2)*XJAC 
04 = DOli. 3)*XJAC 
OCll.1)= 01*YI+D4*XS 
OCII,3)= DI*Y2+D4*X6 
OCll.S)= DI*Y3+D4*X7 
OClI.7)= DI*Y4+D4*X8 
OCll,91= OI*YC 
OCI [. 2)= D2oXl+D4*YS 
OCII,4)= 02*X2+D4*Y6 
OCI [,6)= 02*X3+D4*Y7 
OCI [. 8)= D2*X4+D4*Y8 
OCI [.10)= D20XC 

10 CONT[NUE 
DO 20 [=1.10 
DI=OCII.I) 
D2=OCI 2. [) 
D4=OCI3. [I 
001 I. 1)=0011. [1+DI*YI+D4*XS 
00 I 3. [)=OOI 3. I 1+0 1*Y2+D~*X6 
00 I S. [)=OO I S. I) +0 1*l'3+D4*X7 
0017. [)=0017. [)+Dl*Y4+D4*X8 
0019.1)=0019. [)+DI*l'C 
0012. [)=OOI 2. I )+D2*XI+D4*YS 
0014, [1=0014. I)+D2*X2+D4*Y6 
0016. [)=00(6. [)+D2*X3+D4*Y7 
0018.1)=001 8. [1+02*X~+D4*Y8 
00110.11=001 lC. [)+D2*XC 

20 CONT[NUE 

30 CONT[NUE 
RETURN 
END 

SUBROUTINE OM5C2 I RU.R24.113.l24.VOL.X5.Xo.X7.XB.YS.yo.Yl.YB I 
[MPL[CIT REAL*8 IA-H.D-ZI 

C..... TH[S ROUT[NE IS CALLED BY OMS STIFFNESS AND STRESS ROUT INES 
YS Z24/VOL 
X6 R 13/VOL 
X7 = R24/VOL 
YB = Z13/VOL 
X S =- X7 
Y6 =-l'8 
Y7 =-Y5 
X 8 =- X6 
RETURN 
END 

SUBROUTINE OMSCI I S.T.R12.R13.R14.R23.R24.R34.112.Z13.Zl4.Z23. 
l24, I 34, VOL, Xl, X 2, X3 , X4 ,xC, Y 1 ,Y2 ,Y 3 ,Y4 ,Y C, X J AC I R 1 r R2, 
R3,R4,11,12,13,l4 ) 

IMPLICIT REAL*S IA-H.O-Z) 
C. •••• THIS ROUTINE I S CALLED BY OMS STIFFNESS AND SrRESS ROUT lNES 

XJ =VOL+S*IR34*Z12-RI2*Z341+T*IR23*Z14-R14*Z231 
XJAC=XJ/8.0 
SM= l.o-S 
SP;l.O+S 
TM;l.o-T 
TP; 1.0+T 
XI=I-R24+R34*S+R23*TI/XJ 
X2;1 RI3-R34*5-R14*Tl/XJ 
X3;1 R24-R l2*S+R l4*TJ/XJ 
X4; I-R 13+R 12* 5-R 23*T I IXJ 
y[;1 Z24-Z34*S-Z23*TIIXJ 
Y 2= I-Z13 +Z34* S+Z14*T I IXJ 
Y3;I-Z24+Zl2*5-Zl4*TI/XJ 
Y4;1 Z l3-Zl2*S+Z23*T) IXJ 
RS;O. 2 5* 1- TM*R 1+TM*R2+ TP *R3-TP*R4) 
ZS; O. 2S* I-TMOZI +TM*Z 2+ TP*Z3-TP*Z41 
R T; O. 2S* 1- SM*R 1- SP *R 2+ SP *R3+ SM*R41 
Z T= 0.25* I - SM*ZI- SP *Z2+ SP *Z3+ SM*Z4 I 
XC=-2.0*1 T*SM*SP*R5-S*TM*TP*RTl/XJAC 
YC; 2.0*IT*SM*SP*ZS-S*TM*TP*ZTI/XJAC 
RETURN 
EN 0 
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SUBROUTINE ClSTlO IlNOOES.lSIDES.TH.APEA,B.XM.S) 
IMPllC IT REAl.S I A-H .0-1) 
COMMON/ClSI XI.,5I,VI3.5I,XI,X2,X3.X4,X5,X6,X1.X8.X9. 

I V .... V5.V6,VI.V8.V9.Tl3.31.TlJlI3.51.TU213.S) 
DIMENSION XMI3,31.THI3I,5115.ISl.813.21 
DIMENSION UI3,5.2I,VIQI,WI6I,LOIIOI.IPI:RI'I131 
EQUIVALENCE IXI.VI.IV .... WI.lx.UI 
DATA lO/I.3.S,7.9,2.4.6.8.IO/.IPERM/2.3.11 
Tl~THllI 

T2=THIZI 
T 3~THI 31 
FAC~ 1./1 120 •• AR HI 
TII.II=16.·Tl+2 •• T2+2.*T31*FAC 
TII.21=12.*TI+Z.*T2+ T31*FAC 
TII.31=12.*TI+ T2+2.*T310FAC 
TI2.Z)~12.~Tl+6.*f2+2.*T31*FAC 
TI2.31~( TI+2.*T2+2 •• T310FAC 
TI3,3l=IZ.·TI+2 •• T2+6.*T31*FAC 
TlZ, II'TI 1.21 
l! 3. lJ:TI 1,31 
Tl3.21~Tl2, 31 
00 I 1= 1. 2 
UII,1.II= BII,II-2.*813,11 
UI2.1.1I= 611,11 
UI3.1.I,= -611.1 I 
UI1,2",= 812,11 
UI2,2,1I= 812,11-2.0813.11 
UI3,2.11--812.11 
Ull,3.11=-613, I j 

U 12. 3. I'--BI 3, II 
U 13, 3. II- 3,*8 I 3. I I 
UII, 4, II-D. 
UI2.4.1J=4.*BI3.1 ) 
UI3,4,1'=4.*6(2.1' 
ull. 5,11=4.0BI 3, II 
UI2,5.1I=0. 
U 13, 5,11= 4 .OS I 1.1 J 
IFILSIOES.EQ.II GOTD 11 
00 10 "=2,lSIOES 
L= IPERMIIO 
00 10 1= It 3 
00 10 K-l. 2 
UII.M.KI-ul I,M,KI+UII ,M+2.KI*.5 

10 UII.L.KI-UI l,l,K)+ull.M+2,KI*.5 
11 00 2 1-1.3 

00 2 J= I.LNOOES 
TUlIl.JI=O. 
TU21 I,J 1=0. 
DO 2 K= I. 3 
T U 11 I, J ,- T U l( I ,J 1+ Tl I ,K 1* XI K, J I 

2 TU21 I,JI=TU211,J I+TII.K'*YIK,JI 
00 5 J=l,lNOOES 
M-lOIJI 
l-lOIJ+5' 
00 3 N=I03 
VI=TUlIN,JI 
V2=TU2IN,J I 
\lIN /-XMlloll*UI+X"13dl*1l2 
V IN+3 )=XMI 2, II*U I+XM 13, 21*U2 
VIN.61=XMI3.ll o UI+XMI3,3'*U2 

C 
C 
C 
C 

WIN I=XMIZ.ZI.UZ.XMI3.2'*1l1 
3 \oIIN+31-XMI 3.21*U2+XMI3.3)*Ul 

00 4 I=J.lNOOES 
N-LOI II 
K·lOI '.51 
SIN ,M 1= X I I, II. X I + XI 2, I I. XZ. XI 3. I , • Xl. Y ( I 01 I *x 7 +Y.IZ • II *x 8+Y 13. I I"X 9 
S 1M. N 1-5 I N,M I 
S I K. L 1= V I I, I I. Y4+ Y I Z, I I*V 5. VI 3 .1 I*Y6+ X II • I I .YI +X (2. I I .Y 8 +X 13. I I"Y 9 

4 SIL.KI=SII(,l/ 
00 5 l=l.LNOOES 
K=LOII+SI 
S IK. M I-V' I. II*X4+ VI 2.1 I*XS+Y( 3.1 '*X6+ X (I • [ ) .X7+X (2. I I US +X (3. [ I*X 'l 

5 SIM.KI-S(!(,MI 

END 

SlJ!!ROlJTINE ODCOS (N,X,Y,I.T1 
IMPLICIT REAL.S IA-H.G-ZI 

TI"IIS SlJ!!RDUTlNE COMPUTES THE DIRECTION COSINES OF THE LOCAL 
ELEMENT SYSTEM OF A OUADRllATERAL IN=41 OR SINGLE TRIANGLE 1N=1J 

DIIIENSION XIII. VIII, Ill', Till 
Xl XIZ)+XI31-XINI-XI II 

VI 21+Y' 31-VI N I-YIII V I 
1I 
xz 
VZ 
lZ 
SI 

% ZI 21+11 31-lINI-l! 1) 
XI31+XIN I-XI II-XIZ) 
V I 3 1 + YIN 1- V I I 1- V I ZI 
113'+ZINl-lII'-lI21 
Xl*02 +V I"Z+Z I**Z 

C 
X2 
V2 
I2 
51 
S2 
Xl 
VI 
Zl 
X2 
YZ 
Z2 
T I 1) 

T I ZI 
Tl31 
T 141 
Te 51 
Te61 
Till 
T I 61 

I X 10 X2+no Y 2+2 I*Z 21/S1 
X2 - C*xl 
V2 - C*YI 
I2 - C*lI 
DSQRT ISII 
DSQRT IX2**2+V2.*Z+lZ**21 
X 115 I 
V liS I 
Z liS I 
X2IS2 
V2IS2 
l2lS2 

XI 
x2 
n.Z2-vz*Z I 
V I 
VZ 
lI*X2-lZ*XI 
1I 
Z2 

TI'l1 XI*Y2-X2*Yl 
RET UR N 
ENO 
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SUBROUTINE SlCCT INBF,NSF,NT,I TYPE I 
IMPLICIT REAl*8 IA-H,o-ZI 
COMMON/SlC/ HI211,UIZll,013,61,TXI3I,TY(3I, 

IHTI31.Tl3.l.3I,OSI'3,31 
COMMON IX5114081 ,P)(1121541. THI 31 • PX21 4671 ,AREA, B (31, AI31 ,XMI3. 31, 

I SII15.ISI,PI21.15I,)(SI2,2I, 
2 SCONDI15,6,41,PX41 1~21,1 X21 501 ,PX61300I,IX3!5')OI 

DIMENSION IPERMI 31,NKN( 4,31 
DATA IPERM/2,3.1I, NKN/2.S.3.6. 8,Z,9,3, 5,8.6.91 
NOf=N8f'NSF 
TO = ITH (ll+TH 121'TH 1311/3. 
FAC • TO**3*AREA/15120. 
00 150 I = 1,3 
J IPERMI II 
K=IPERMIJI 
X AI 11**2'811 )**2 
U I II • - I A I II *A I J 1'8 II I *B I J IIIX 
)( OSQRTC XJ 
HT(I) •• a*AREA/X 
TVI II -a.S.BIII/X 
IXI II 0.5*AI I )/X 
Al AIIIIAREA 
A2 AIJJ/AREA 
BI BIII/AREA 
82 BIJ IIAREA 
Qild J B I*B 1 
QIZ.II AI*AI 
'113.1) 2.*AI*BI 
Q( 1, 1'31 2.*81*82 
'112,)'3) 2.*A1*A2 
013.1+31 2."1 A 1*8Z+AZ*BII 
QSII./J Ta/20.+TH 111/30. 
OSIJ.K1 = TO/ZO.-TH I II/IZO. 
QSIK.J I = OSIJ,K I 
X=T I-' II liTO 
Y=TH IJ lITO 
X2=X**2 
Y 2=Y** Z 
Xy=x*y 
If I lTYPE .EO. I I GO TO ISO 
TI I, 1.1)=X2*( 10'*)('b.*'t+6.l+v2013 •• X'Y'I.).3.*X+Yt3,*XY'I. 
TIZ.2, II=XZ*I X.3,*~'I.I'YZ"16. 0)('10. *Y+6.I'X'3.*Y.3.*XY+l. 
T I 3.3,1I=XZ*1 X'Y'3.I'Y2*1 X'Y.3.1 '6.*H6. *Y+3.*XV'IO. 
T I 1.2.II=XZ*1 2.*X.3,*~'I.SI'Y2*(3.*X.Z. 'Y+I.SI,X+Y'Z,*XV'.5 
T I I. J. I 1= X 2*1 2.* X. I. S*Y. 3. I • Y Z.I X+. 5.Y. 1. I • 3 •• X' I .5 *Y+Z. *x Y' 2. 
T ( 2, 3. 11= X 2.1 • S*)( .~. I. I +Y 2*1 I .5. X+ 2. *y + 3. It I. 5 *x'3. *Y.2. *X Y' 2. 
T 12, I. I)=TI 1.2. II 
T 13.1.1I=T1 1.3.11 
TI3.2,II=Tl2.J.11 

IS) CONTINUE 
00 200 I = 1,3 
J IPERMI II 
K IPERMIJI 
II 3*1 
JJ 3*J 
KK 3*K 
AI A(II 
A2 = AIJ I 
A3 AIK I 
Bl=BIII 

B2 BIJ I 
B3 BIK 1 
U I UI II 
UZ UIJ I 
U3 U(KI 
;; 1 I .-lJ I 
1012 1.-UZ 
1013 1.-U3 
BID Z."81 
620 2.*B2 
B30 2.*63 
AID Z.*AI 
A20 2.*11.2 
AlD 2.*11. 3 
C21 BI-83*U3 
CZ2 -BI0.B2*WZ'BJ"U3 
C31 AI-A3"U~ 
C32 -AIO.AZ*W2'A3*U3 
C51 B3*W3-B2 
C52 B2D-B3*W3-Bl*UI 
C61 A3*W 3-A 2 
C62 A2D-A 3*W3--A I"U 1 
C81 B3-B2D-B2*U2 
C82 BIO-B3'81*_1 
C91 A3-A20-AZ*U2 
(9Z AID-A3.AI*WI 
DO ZOO N = 1,3 
1 6*11-11. N 
'111 OIN.I' 
022 OIN,JI 
'133 QIN,KI 
OIZ QIN,I'3) 
Q23 OIN.J'31 
'131 QIN.K+n 
'12333 02:!-033 
03133 031-033 
Pil .11-21 6.*I-Qll'W2*Q33+U3*023331 
PIL .ll-ll CZl.023+C22*03J-830*QIZ.BZO*031 
Pil ,II 1 = C31*OZ3'C32*Q33-A30*QIZ.AZO*031 
I'll I 6.*1022'W3*023331 
I'll II C51*Q2333'B30*022 
P(L .JJ I C61*Q2333.A30*022 
pel ,KK-21 6.*CI •• U2J*033 
PIL .KK-Il cel*Ol3 
pel .KK ) CQl*033 
I'll .1,9 I o. 
P (l • J.9 I H II J 1*'133 
PIl .K'9 1 HT(KI*QZ333 
P(l.3 ,11-21 6.*IQll'U3*031331 
PIl'3 '(1-11 (ZI"03133-830*Qll 
P(l'3 ,II 1 = (31*03133-A30*011 
PIl'3.JJ-ZI 6.*I-QZZ'Ul*033.103*(3133) 
P(l'3.JJ-II (51*Q31.C52*033+830*012-BI0*OZ3 
PIl.3.JJ I cn*031'C62*Q33'A30*012-AI0*023 
PIL'3.KK-2l 6.*II"Wll*033 
P(l'3 .KK-II (8Z*Q33 
PIL'3,KK I (SZ*Q3) 
P(l'3 ,1'9) HHI)*03J 
P(l+3 ,J.9 I O. 
PIl'3 ,K.9 I HIIKI*03133 

I-' 
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P IfH 1 S. I 1- 21 2. *10 ll+UJ*O f2+\,2*0311 
P 1"1+ 18. KK-ll II f\ 10-6 2D ,40JJ+( 82 *023+C 81 *Q31113. 
PIN+18.KK 1 liAIQ--A2D,4033+C92*023+C91*Q3UI3. 

200 PIN+18.K+9 1 HTIKI*012/J. 
NK = 12 - NSF 
IF INK.LE.O) GO TO 240 
00 220 N: I.NK 
K=13-N 
DO 220 L: 1.4 
J : NKNIL.NI 
IF IL.LE.21 C: TXIK-91 
IF IL.GT.21 C = TYIK-'ll 
DO no I = 1.21 

220 Plt-J' = Pll.Jt + C*PIl.KI 
IFI !TYPE .EQ. 1 ) GO TO 1000 

240 IFINSF.LE.OI GOTO 300 
00 260 1(: 1.3 
J K + NSF 
L : 3*K 
Al : AIK I/AREA 
Bl : SIKI/AREA 
DO 260 1= 1,19.3 
PI! .J) PII.L + BI 
PI (+I.J I PI (+I,L 
PII.Z,J I PII+2.l - Al 
PII ,J+31 -PII .L-il 
PI ( .1, J + 31 -P I (+ I. L - 11 + A I 

260 P 11t2,J+31 -PII-2,l-1) + BI 
300 DO 400 J= 1.NDF 

DO 340L=19.21 
HILI=O. 
DO 340 M= 1.3 
N=IM-41*&+L 
HIN 1= TIL. I.MI *p IN.Jl+ TlI.2 ,"'*PI N+3. JI+ Til .3. ,,1*Pll. Jl 
HIN+31: T 12, I.M I *p IN.JI+lI2.2 ,MI *PIN+3 .JI+T 12.3 .MI*PIL .JI 

340 HIL I=HIL 1+T{3.1.MI*PIN.JI+Tl3.2.MI*PIN+3.JI+T13.3.MI*PIL.J1 
DO 360 N = 1,19,3 
UIN I=XMll. 1l.HINI+XMI2.lI*HI N+U+XMI3.lI*HIN+21 
U IN+ lI=XMIZ. II*HI N I +XMI2. 21*H I N+U+XMI3 ,21 *HI N+21 

360 UIN+21=XM( 3, 1I*HINI>XM(3.21*H(N>1l+XMI3,3'*HIN+21 
DO 400 I 1.J 
X O. 
00 380 N 1.21 

380 X X + U(NHPIN.l1 
STCI.JI X*FAC 

400 S TI J.I I S TI I. J I 
E.OI GOTO 1000 
K 1.3 
NSF 

DO 550 L = 1,3 
FAC OSIK.ll*ARFA 
J L + NSF 
STII ,J 1 SItI.J + FAC*XSIl.l1 
STlI+3,J031 STtI+3.J'31 + FAC*XSI2,2J 
ST II .J+31 Sf( I • J+31 • FAC *XSI 1.2 1 

55) STlJ'3.1 I STiI .J'31 
00 600 N 1. ~ 
K 15 - !II 
l K' 1 

PIVOT STll.ll 
00 600 I 1.K 
C STCI.lI/PIVOT 
STlI.ll = C 
DO 600 J I,K 
srI I. J 1= S TI I. J I-C *ST Il. J I 

bOO SnJ.I'=STlI.JI 
00 700 1= 1,15 
DD 700 J= 1. 6 

100 SCONOIl,J.NTJ=STlI,Jo<;1 
1000 RETURN 

END 

SUBROUTINE NlOAO I X,Y.Z,PI,P2.P3.Dl,02,03.PE.AREA • 
I A,8.TH) 

IMPLICIT REAl*a IA-H,o-Zl 
DIMENSION PEI3,51.0(3.3), TH13I.AOI,BOI 
O(I.lI=OI*X 
Oil.21=D2*X 
I:) ( 1,3I=D3* X 
OI2.II"DI*V 
OI2.21=02*V 
OI2.31=D3*Y 
O(J.lI=DI*ZOPI 
013.21=D2*Z+P, 
OI3.31=D3*Z.P3 
c= AR FAl24. 
00 I 1=1,3 
PEil.1I~(2.*0(I.llo 0(1.21' 01l.311*D 
PEII.21=1 011,1102.*011.2" 011,311*0 
PEII.31:1 (111.11> 1111.21+2.*011.311*0 
RETURN 
END 

...... 
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SUBROUTINE TRIPL TIPR,AlP,NlVTI 
IMPliCIT REAl+8 IA-H,O-ZI 
COMMON IOl41,NOOES,OUAOT,NTRI,IXl.IBO/ZOO,1l, 

1 BCI 200,61, S I 31, 31), P l( 31, 51 ,P X3131 51 
Z ,THQ(4I,ANG, TPCI5,~,51 ,TPl,TPZ,X(4) ,YI41 ,l/41 
3,011, 012, 022, D33,EM, GI, G2,PX41291, 
4AREA,SI3I,AI3I,PXS(234) ,PI21,151 ,PX614961 tlXi 1501 ,PX81300l,lBI5001 

OtMENS 101\1 TEMPIS,4,51. TEMF ACI 5) • TB (3,51 ,C 13 ,91'[ CURVI3 ,31, 
1 IlOCPI~,2),TFI9,5)'!LOCIPI6,21 

DATA ICURVI 7,lOd9, 13016,19, 1,4,19 I 
DATA IlOCPI 3,4,5,e,9,IO,13,14,15, 3,4,5,l3,14,15,la.l9,2~ 
DATA IlOCIPI 1,6.11,2,1,12, 1,11,16,2,12,17 I 
INTEGER QUAOT 
NTRIF=Z 
IFI NTRI .EQ. 11 NTRIF=l 
00 100 I'I,NTRIF 
CALL TRICORII,TAVG,TEMP,NlVT,X,Y,THQ,TPC,B,AI 
AREA=AIII.BI31 - A131+8111 
FAC=-EM+AlP*AREA/16.+II.-PRII 
HI NTRl .EQ. 1) GO TO 2 
CAll SlceT (9,0,1,11 

2 CONTINUE 
C ••••• FORM PLATE BENDING FORCES FOR EACH SiJBTRIANGlE. 

00 90 11= 1,3 
CAll TEMCONlll,NlVT, TAVG,TEMP,1 

C ••••• FORH MATRIX CONTAINING WXX~WYY 
DO 9 II'.. 1, 3 
IlOC= ICURV I IR, II J 
DO 9 J=I,9 

9 CIIR,JI=PllLOC,JI + PlIlOC+I,JI 
DO II K: I,NlVT 
DO 11 IX: 1,9 
TFllx.K ).0.0 
00 11 J; 10] 

II TFIIX,KI=TFIIX.KI + TBIJ,KI*CIJ.lX)+FAC 
C ..... lOCATE S'JBElEMENT FORCES IN FINAL FORCE VECTOR 

00 12 Kz I,9 
I FOR= ll0CP (K , I I 
00 12 J~ I,Nl VT 

12 PTlIFOR,JI:PH IFOR,JI + TF(K,JI 
90 CONT INUE 

C ••••• FORII IN'PLANE FORCES FOR EAC>; TRIANGLE 
CAll TEMCONI I,Nl VT, TA VG, TEMP, 2, TEMF AC ,T8 J 
FAC l'EM.AlP 1I11.-PR, .. ~. I 
CALL ITEMPFIFAC I,TEHFAC,TF,Nl\lT,A,BI 

L ••••• lOCATE TRIANGLE IN-PlANE FORCES IN FINAL FORCE VECTOR 
00 1] K= It 6 
1 FOR: ILO 
00 13 l= 

13 PTlIFOR,L1=PTlIFOR,ll • TF(K,lI 
1 ell CONT INUE 

RETURN 
END 

SUBROUTINE TRICORII,TAVG,TEMP.NLVT,X,Y,THO.TPC,B,AI 
IMPLICIT REAl+a IA-H,o-Zl 
DIMENSION 1TRII~,21,TEMPI5,4,5),XI4I,YI4I,THOI41.TPCI5.4.5) 

( .BI 3),AI 31 
DATA ITRI I 1,2,3, 1,3,4 I 
IlOC= IlR 111,11 
J lOC= Hit II 2, 1 I 
KlOC= JTR 113, I I 

c. ••.. FORM A III AND 81" FOR TRAINGlE IF QUAD ElEIIENT 
IF I NT It 1 • E" • I I GO TO 2 
XI=XI IlOC I 
X2=XIJlOC I 
X3=XIKlOC I 
n=y I [lOC I 
Y2=Y! JlOC) 
Y3=YIKlOCI 
BI1I-Y2-'(3 
B( 21='1'3-'1' 1 
B(3)=YI-Y2 
AI I \=X3-X2 
AI21=XI-x3 
AI31 x2-X1 

2 TAVG=ITHOIIlOCI + THQIJlOC) + THQIKlOCII/3. 
DO 1 J=l,NlVT 
DO 1 K= I, 5 
TEMPIK,I,J)=TPCIK,llOC,JI 
TEMPIK,2.JJ=TPCIK,JlOC,JI 
T EM PI K , 3. J 1= T PC I K ,Kl OC ,J) 
TEMPIK,4.J 1=1 TEMPIK,I.JhTE~PI K,2,J)+TEMPIK.3.J) 113. 
RETURN 
END 

suaROUT INE (TEMPF I FAC I, TEMFAC. TF ,Nl VT ,A ,BI 
IMPLICIT REAl+a IA-H,O-ZI 
DIMENSION TEMFACI5I,TFI~.5I,AI31.BI31 
00 1 1=I,NlVT 
TFII,II-BIIl 
Tf12.11'B121 
TFI3.JI-Bt31 
TFI4'[I=Al11 
Tfl~")-AI21 
TFI6. I )=A( 31 

CONT INUE 
00 2 K=I,NLVT 
00 2 l=I,6 

2 Tfll,KI=TFIl,KI+TEMFACIKI'FACI 
RETURN 
END 

f-' 
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SUBR.OUT INE TEMGON III, NlVT, T. TEMP,I TYPE, TEMFAG, Tal 
IMPLICIT REAl"a IA--H,o-ZI 
DIMENS[ON TEMPI5,4,51, ITEMP(3,3I,TEMFACI5I,T813,51 
DATA [TEMP I 2,3,4, 3,1,4, 1,2,4 I 
IF I [TYPE .EO. 2) GO TO 2 
IJ= HEMPI I,ll) 
IK=ITEMPI2,111 
IL=ITEIIPI3,111 
GO TO 3 

:2 IJ= I 
IK=2 
Il=3 

3 T 2=T*T 
T 3=T""3. 
T4=T""". 
T5zT"" 5. 
ao 100 J=I,NlVT 
TTI=TEIIPII,IJ.JI 
TT 2=T EIIP I I, IK.J I 
TT3=TEIIPII,Il.J I 
TT41=TEMPI2, IJ,J I 
TT42=TEIIPI2.IK,J I 
Tf43=TEMPI2,ll,JJ 
T841=TEMPI4,IJ.J I 
TB42=TEMPI4, IK,J I 
TM3=TEMPI4.ll,J) 
TBI=TEIIPI5, IJ,J I 
TB2~TEMPI5. IK,J I 
T 63= TEMP I 5, IL • J J 
IFI LTYPE .EQ. 2 I GO TO 4 
B fl= 32 •• , TT l- fB 1-2 •• 1 TT41-TB41 I 1116 •• T3J 
8F2=32 •• 1 TT 2- fB 2- 2 •• 1 T142- T842 I I 116 •• T3J 
8 Fl= 32 •• I TT 3-TB3- 2.*1 T l43- TB4 31 I 116. *131 
DF1; 16.* I TT41-T6 "1-1 TTl- TB I) la. 11I6 •• Tl 
OF2=16 •• 1 TH2-TB42-\ TT2-TB21/a.I 116.*0 
OF3-16 •• IIH:'!--TB4:'!--1 TT:'!--TB31 la.I 1!6 •• n 
8T 1=6Fl.T5/80 ... OF I"TJI:2. 
BT2=BF2.T5/80. + DF2*T3/12. 
BT3=BF3*T5/80. + DF3*T31l2. 
T811,JJ=BTI/6. + Bf2/12. + 8T3/12. 
I 812.J '=B Tl/12. + B T 216. + 1!T3112. 
T813.JJ=6Tl/12. + 6T2I12. + BB/6. 
Go TO 100 

4 IMIe TEIIPI3,IJ,JI 
IM2=TEMPI3,IK,J I 
11l3=TEMPI 3, [l,J J 
AF 1= 128 •• lllT tHB 1+6 •• TM 11/4.- TT41-IB411 II 3. *f41 
AF 2= 128 •• 11 TT 2+ TS 2+6 •• T1I21 14.- TT41- T6411/n • • T4) 
AFJ= 128 •• 11 TT 3+ TB 3+6. *TM31/4.- TT43- TB4 3) 113 • • T41 
CF 1=32."1 TTl, I HB41-1 TTl+TBII1l6.-15 •• nn 18.1 /(3. H2) 
Cfl=32 ."1 T T41HB 42-1 TT2+TB 1) 116.-15. +Till 18. I I 13 •• T11 
CF3-32.'" TT43+TB"3-1 Tn+Ta3) 116.-15.HMJ/8.1 113 •• T21 
T EM FACI J 1= I AF I +AF 2+AF 31*T 5180. + I CFl +CF1+CFJI .B/12. • 

I ITM 1+"'12+1M3)*T 
100 CONTINUE 

RETURN 
END 

SUBROUTINE OVER3 
IIIPllCIT REAl*a IA-H,O-I) 

COMMON NOEL,NOPT,NOOFI 400I,PEI241,SI24,241 
COIIMON/CV/NUMEl,NUPTS,NUBPTS,IBANDP,MBA~D,NBLOC,NDFRE,1FLAG,NUMAT 

,ITEMP,NlVT,1 STRAN 
COMMON I ElEM I NODES,MD,IQI361 
COllMaN I PRNT I IPO,IPI,IP2,IP3,IPA,IPN,IPS 
COllMaN I SUBT I NSUB,ISUBI10) ,KSUBI10I ,NUEL,LEFT,NSTR 

REi< 1/>10 I 
REi<IND 2 
REWIND 3 
R EW IND 4 
R ~W IND S 
NSUS=o 
IPQ=O 
IP lzO 
IP1-O 
IP3=0 
IPA=o 
IPN=O 
IPB=O 
NOEl=NUMEL 
NOPT=NUPTS 
DO 100 1= I,NOPT 

100 NOOFI II=NDFRE 
CAll PUZZlE 

60 RETURN 
END 

SUBROUTINE PUZZLE 
IMPLICIT REAl*8 IA-H,C-I) 
COIIMON NOEL,NOPT,NOOFI 40CI.161 40J),ICI 4001, 

lO(36),LOCI36) , 
lZI,MOI,III,Kl,N I.NOOEI, 101 1361 ,1I0CI()61, 
lZl, M02, "1 2. K2 ,Nl ,NOOE1, I Ql(36) ,!!OC2 1361 

COMMON I ELEM I NOOES.MO.IQI361 
C ... OIl'ENSION OF IBtlC = NUIIBER OF TOTAL NOOAl POINTS 
C ... OI"Et<SION OF 10 = NUMBER OF ElEIIENT NODAL POI/>lTS 

CAll FRNf[O NT 
CAll FRNTST NT 
CAll ANALYZ NT 

RETURN 
ENO 

t-' 
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SU8ROUTINE FRNTIO 1 NT 1 
IMPL ICIT REAL-S (A-H,Q-ZI 
COMMON NOEL,NOPT.NOOFI 4001,181 400l.lCI 4001, 

LOt 36).LOCI361, 
L ll, 1'10 I,M I, K I ,N I, NODE I • ((;1I136) ,MOC I '361 , 
LZ2,M02,M2.K2,NZ,NooE2,102nbl,IIOC21361 

C~MON I ELEM I NOOES,MO,IOllbl 
COMMON I SUBT I NSUB.ISUBI20I,KSU8(201,~UEL,LEFT,NSTR 

NUEL = NOEl 
NSTR = NOel 
IF t NSU8.EO.OI GOTO b 

NUEL = J 
00 1 IT = It N SU8 

REW [NO 4 
NT u 
CALL LOCATE INT,ISU6C1IJ,[TI 
NO NUM I N I ,MOC I , NO OF 1 
WRITE 181 NI,NO.IMOCIILJ ,L=I,NII 
NIJEL NUEl + I SUB [( TI 
KSUallTl= NT 
CONT (NUE 
NSTR ~ NSUa + NOEL - NUEl 
LEFT NOEL - NUEL 
IF ILEFT .lE. 01 GOlD 3 

00 2 I ~ I,LEFT 
READ II) NODES.MD,!/Olll.l=I,NODESI 
WRITE 181 NOOES,MD,1I011l.l=I.NOOESI 

Z CON TlNUE 

3 REWIND I 
REW [NO 8 

DO 4 I I,NSTR 

~EjlO (8) NODES.MD.IIO[lI,L=I.~OOES) 
WR ITE (11 NODES,MD.I!Olll,L=(,NODESI 

4 CON T INUE 

6 

REWIND I 
REW IND ~ 
REWIND 8 

DO 5 I I,NOPT 
NDOF( 11 = lASS! NOOFIIJ ) 

NT 0 

CALL LOCATE INT,NSTR,lI 

REW IND 1 
Rew [NO 4 
REWIND 

RETURN 
END 

SUBROUTINE LOCATE ( NT ,NOZ,! T 1 
[MPLICIT REAL*8 IA-H.O-ll 
COMMON NOEL,NOPT,NDOFC 4001,/8! 4001.ICI 4DI. 

LO 136 I,LOC 1361, 
LlI,MOI,MI,KI.NI,NOOEI.IQ((36I,~(!CID61 , 
LZ 2,MD2.M2,K2 ,N2,NOOE2, 102 i 361 ,MOC2136 I 

COMMON I ELEM I NODES,MO,[0[3bl 

DO I 1= I. NOP T 
18111 z 0 

00 3 ll= I, NOZ 
READ I () NOOES,MO,I[OIIl,I=I,NOOES) 
WR liE 141 NOOES,MO,1I01lI,I=1 ,NODES) 

00 2 1= I,NODES 
K = 10([) 

2 IBIKI = 181KI + I 
3 CONTINUE 

DO 4 I:I,NOPT 

4 ICI [I : IS I [ 1 
REWIND 4 

DO 8 LIZ I,NaZ 

READ 141 NOOES,MD,IIOUI,I:I.NOOESI 
NODEZ NOOES 
MD2 1'10 

DO 6 [ I, NO DE 2 
t02(() 10((1 
K = 10ZIII 
[F I NDOFII<I.GT.O 
IF I NDOFIKI.lT.O 

ICIIO = ICIKI - 1 
ICIK) = ICIKI + 1 

6 CONTINUE 

7 
8 

CALL FRONT 

IF I Ll2.EO.l I GOTO 7 
CALL eXPAND I NT I 
CALL UPDATE I NT I 
CONTINue 

CAll FRONT 
CALL EXPAND 1 NT 
CALL UPDATE INT) 

RETURN 
END 

I-' 
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SUBROUTINE FRONT 
IMPLICIT REAL*S I A-H.IJ--l I 
COMMON NOEL.NOPT.NDOFI 4001.IBI 4001,lCI 400), 

lOI3bl.LOCI36I, 
lZI,MDl,Ml.Kl,Nl,NOOEl,101l3bl.MOClI36I, 
II 2,MD2," 2 ,K2, N2 ,NODE2, 10213bl ,MOC2 (36 I 

N2 = 0 
DO I I = I,NOPT 

IF I 18111.EO.ICIt) 
IF I ICIII.E'l.O 

I\IZ N2 + I 
LOCINZ) I 
CONTINUE 

C ••••• END OF STEP ;). 

M2 0 
DO 2 I I, N2 

MOC2111-0 
II. = LOC! II 
I F I IC ( K I.NE .0 
LOCIII=O 
M2 = M2 • I 
MOt21M21 = K 

2 CONTINUE 
11.2 = M2 • 

C ..... END OF STEP I. 

CAll GAP S 
DO 5 I=I,NZ 

l(=lOCIII 
IF I K.E'l.O 

DO 3 J=I( 2, N2 
If I MOCZIJI.EO.O 

3 CONTINUE 
4 MOC2IJI=K 

lOC 111=0 
5 CONT [NUE 

C ••••• ENDOF STEP 4. 

RETURN 
END 

GOTO 1 
18111=0 

GOTO 2 

GOTO 5 

GOTO 4 

SUBROUTINE EXPAND I NT I 
IMPL IC IT REAL*S II\-H,IJ--Zl 

COMMON NOEl,NOPT,NDOFI 4001,ISI 4001,ICI 4001, 
LOl361,LOCl36J, 
L l I, MD I, M It K 1. N I ,NODE 1 • I 01 1361 , flOC 11361 • 
L l2, MD 2 ,M2. K2, N2,NOOE2 , I 02 (361 ,MOC2 1361 

COMMON I FRNT I LZ,MD.I'0,KO.N'l,lCTI1501.LOCTlI501 

00 I I, NODE 1 
00 J I.Nl 

IF (IOllll.EO.MOClIJI LOllI 

l 0 
00 2 I=I,NODEI 

LP 10 I I I I 
J2 - NUM « LOIII.MOet.NOOF 
JI = J2 - IABSINDOFILPII + 

00 2 J=J I,J2 
L=L +1 

2 lOTlLJ=J 

IFIMQ.E'l.QI GO TO 50 
00 60 1= I, MO 

6G LOCTIII=D 
50 IFIKI.GT.NI 1 GO TO 1 

3 
4 
5 

b 

00 
00 

DO 6 

K I,N I 
10 N2 

IF I MOCH II.EO.MOC2IJI 
CON T1NUE 
L DC I I I = J 
CONTINUE 

l = MO 
I=KI,Nl 
lP = MOC I I I ) 

GOTO 4 

J2 = NUM « lOCIIl,MOC2,NOOF I 
Jl • J2 IABSINDOFIlPII + 1 

DO 6 J=J l,JZ 
L =L 'I 
LOCTlll=J 

WRITE (3) ll,MD,MO,KC,NO.LOT,LOt.T 

CALL PRNTO 
CALL PRNTI 

R ETW\N 
ENf) 
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SUBROUTlIIIE GAPS 
IMPLIClT REAl+S IA-H.G-Zl 
COMMON IIIOEL.NOPT,NDOFI 1,001 tl81 4(0) ,ICI 40,31, 

lOI3&I.lOC 1361. 
LlI. MO I.M 1.1( I.N I,NODE 1.1 ClU36) ,MOCll3bl. 
L l2, M02. M2.1(2, NZ,NODE 2, I Cl21361 ,MOC2 (3& I 

C ••••• FIX POSITIONS OF NODES COMMOIII TO MOCI "OC2. 

IF ( lll.EQ.I ) GOTO I, 

II = MAXO KI,1(2 
12 = M[NO "'1,N2 

I){} 3 1=[1.12 
K=MOC H 11 
IF I ICIKI.EQ.a 

DO J=I.Nl 
IF I LOCIJI.EQ.K 
CONTINUE 

2 MOC211'=K 
LOCIJI=O 

3 CONT INUE 

C ••••• EIIID OF STEP 2. 

4 RErURN 
END 

FUNCTION NUM I IPOS.MOC.NOOF 
IMPLICIT REAL+S (A-H.G-ll 
DIMENSION MOCllI,NDOFlll 

NUM 0 
IF I IPOS.EO.O 

00 I [ = I. IPOS 
I(=MOCIII 

GOTD l 

GOTO 3 

GOro 2 

GOTD 3 

NUM NUM + lABS I NDOF I I( I I 

2 RETURN 
END 

SUBROUT[NE UPDATE ( NT J 
IMPL[C[T REAL*S IA-H,O-ZI 
COMMON NOEL.NOPT,IIIDOFI 4001.181 400l,ICI 400). 

LOI36I,LOCI36J, 
LZI,MDI,Ml.KI,NI,NODEI,101\361 .MOC! 1361. 
L l2.M02.M2,K2.N2,NOOE2.IQ21361 ,,"OC21361 

COMMON / f'RNT / LZ.MO,I"O,KO,NO,LOTlI50I,LOCH150) 

IF ( LZ2.EO.I GOro 2 

00 I ~ I. NT 
LOCH I I 0 

2 DO 3 I = I,NOOE2 
3 

4 

[01(11 ; 102111 

00 4 [ = I. N2 
MOC U II MOC2111 

lZl LZ2 
Ll Lll 
NODE I NoDE2 
MOl M02 
MD MOL 

MI = M2 
KI K2 
NI N" 

1'10 NUM ( M I.MOC I.NOOF 
KQ = MQ+l 
NO NUM I NI.MOCl,NOOF 

NT MAKa I NT.NQ , 

RETURN 
END 
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SUBROUTINE FRNTST I NT I 
IMPLICIT RE~l*B IA-H.o-ZI 
COfo1MON NOEl,NOI(50),IXl,PEI150),SI51b) ,aliSO) ,~1113251 
COMMON 1 ElEM 1 NOOES,~D,101361 
COMMON I SUST I NSUS,lSUBI201.><SlBIZJ) .NUEl.lEFr,NSTR 

IF (NSUB.EO.OI GOTO 1 

DO 3 If = I.NSUB 
READ III NOOES.fo10,II011l .l~I,NOOESI 
10 " K S US I I Tl 
C~ll SCANIO IIQ,ISUBUTlI 
l IIIOTl\*101/2 
If IMO.EO.IO I GO TO Z 

C •••••• SHRINK A FROM NT * NT $P~CE TO NO * NO SP~CE 
l a 

00 ( I,MO 
N NOI I I -

00 J I ,fOlD 
l l T 1 
AIlI = ~{N+JI 
WRITE 181 I BI JI. J=l ,MOl .(AI JI .J"I.LJ 

3 CONTINUE 

IF IlEFT.lE.O) GOlD 5 
00 4 I 1. lEFT 

READ III NOOES ''''0.1 IOILl .l=I.NOOESI 
l IIMO+lI*MOI/Z 
READ IZI IPEIIl,!=I.MD),ISIIJ,I=l,U 
WRIlE 181 IPElll,l"I.MDI.(SIII.I=I,U 

4 CONllNUE 

5 REW (NO 
REWiND < 
REW Irm 8 

DO 6 (=I.NSTR 
RE~D I II NODES.MO.IIOlll,l"I.NOOESI 
l~I IMD+ll*MOllZ 
RE~D 181IPElIl,I=I.MOI.IStll.I=I.1I 
WRITE IZI IPEtII,I=I.HOI.1 SIII.I=I.LI 

b CONTiNUE 

1 

REW INO 2 
REWIND 8 

CAll SC~NIO INT,NSTRI 

RETURN 
ENO 

C 
C 

C 

C 

c 

SUBROUTlNE $C~NIO I NT.N02 I 
IMPl IC IT REAL *8 I A-H.D-Il 

COMMON NOEl.NOI150I,IX1,PEI1501,SI57bl,BI150I,AIl132!» 
COMMON I FRNT I lZ.MD,MO.KO.NQ,LQTII5?I.LOCTllSOI 

DO 1 I I. NT 
BI I I O. 

~ IINTT1)*NT1I2 
D0211.K 

2 AIII-O. 

NOI II ~ J 
l = NT+Z 

Do 3 I = 2. NT 
3 Naill = NOII-lJ+l- I 

4 

5 

C~ll PRNTNO I NT,NO I 

00 7 lC 1.1'0102 

READ 131 lZ''''O.~C.KO.NO.lQT,lOCT 
l " liMO + 1)*"'01/2 
REAO IZlIPEIIl.I=I."'OI,IS(lI,,"I.lI 

CAll PRNT2 
CAll PRNTA I~.B.NO.NT.NTI 
CAll SEMBLE 
CAll PRNTA (A.B.NO.NT.NTI 

IF ( MO.EO.O I GOTO 6 
JZ 140 
IF I 140 .EO. NO I ~2 = NQ-l 
CAll REOUCE I J2.NQ.NO.8.,!. 

CAll PRNTA IA.B.NO.NT.NTI 

NE = NO ( MO I + NT 140 
WRITE 141 IBIII" 1,MOl,IAIIl,lsl,NEI 

DO 4 I = 1.140 
BIIl=J.O 
DO 5 I = 1. NE 
~(Il-O.O 

" CALL SCRMBl I NT I 

CAll PRNTA IA.8.NO.NT.NTI 

CONTINUE 

RETURN 
ENO 

..... 
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SUBROUTINE SEMBLE 
IMPLICIT REAL"'S IA-H,D-ll 
COMMON NOEL,1II0IISOI,IXI,PEIISOI,SIS76' ,B11501 ,AII132S1 
COMMOIII I FRNI I lZ.MD.MO.KO,NIl,U)T11501 ,LOCTlI5GI 

l * 0 
DO 1'1 I. "10 

I LOT 1M. 
B I I I = B I II +PE I M I 

00 N M,MD 
l L + 1 
J LOTIN' 
K M I NO I I.J 1 
K !'I A XO I I. J I + NO! K I - K 
A IKI = A IK) + SILl 

RETURN 
END 

SU8ROUTINE REDUCE I JZ,NQ,NO,B,A 1 
IMPLICIT REAL*8 IA-H,D-Z) 
OIMENSION NOI ISOI,BI15CI ,AI1l325' 

00 I J = 1,J2 
JO NOIJI 
0 -I. O/A I JO I 
JO JO-J 
II J+I 

00 I Il,NQ 
KO NOI II-I 
C AI I +JO )"'0 

SI II BIII+B(JI*C 

00 I K = t,NO 

AIK.KOI AIK+KOI • AIK+JOI.C 

RETURN 
END 

SUBROUTINE SWITCH I M,N,IIII I 
IMPLICIT REAl"'S IA-H.D-ZI 
COMMON NOEL,NOI1501,IXl,PEIISO'.SI5761,BI15DI.AII13251 

C ••••• SW tTC~ tOADS. 

C '811'11 
BIM '=81111' 
BIN I=C 

C ••••• INTERCHANGE M AND N OF CONDENSED STIFFNESS MATRIX. 

MS=NOIMI-M 
NS=NOINI-N 

C ••••• SWITCH DIAGONAL TERMS. 

C =AI MS+M 1 
AIMS+MI=AINS+NI 
AINS+NI=C 

C ••••• REGION 1. 

IF I M.EO.I 
I Z=M- 1 

DO 2 1= 1.12 
IS=NOIII-[ 
C =AIIS+MI 
AIIS+MI=AI15+1\I1 

2 AIIS+NI~C 

C ••••• REGION 2. 

3 

" 

JI=M+I 
IF I J l.fO.N 
J 2=111- I 
00 " J=J I,J2 
JS=IIIOI J )-J 
C =AIMS+JI 
AIMS+JI=AI JS+NI 
AI J S+N I=C 

C ••••• REGION 3. 

5 IF I N.EO.NT 
J I=N. I 

DO I> J=J['NT 
C =AIMS+JI 
AIMS+JI=AINS+J' 

1> AIN5+JI=C 
1 RETURN 

END 

GOTO 3 

GOTO 5 

GOTO 7 
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SUBROUTINE SCRMBl I NT I 
IMPLICIT REAl*8 (A-H,O-Il 
COMMON I FRIH I LZ.MO,,"O,KO,NO,U)TtlSOI,LOCTI1SO) 

ICOUNT 

DO 2 M KO,NO 
N ~ LOCTlMi 
IF I N .EO. 1'1 .OR. N .EO. 01 GOTO 2 
lOCTIMI lOCTINI 
lOCTIN) N 
I ~ MINOIM.N) 
J MAXOIM.N) 
CAll SWITCH (!,J.NTI 
ICOUNT • ICOUNT + 1 
IF I [COUNT .GT. Nil STOP 
GOTO I 

CONTINUE 

RETURN 
END 

SUBROUTINE ANAlYZ INTI 
IMPLICIT REAL*8 (A-H,D-ZI 
COMMON NOEL ,NOI ISCI ,I XI,EOI 150) ,OUMllS01 ,11150 I, All 1325 I 
COMMON I SUBT t NSU8,lSUBI20) ,KSUBl201 ,~UEl,LEFT ,NSTR 

CAU SOlV1' INT.NSTR,91 
IF INSUB.EO. 0) GOTO S 
IF (lEFT .lE. 01 GOTO 2 

00 I; I. lEFT 
REIID (8) MO.IEOlllol=I,MOI 

I CaNT INUE 
2 DO 4 IT I.NSUB 

IT NSUB IT + 1 
NT • KSUIIL II 
NOlll 1 
l NT + 2 

DO :3 I 2, NT 
:3 NO! II NOII-I 

READ 181 1'10,11111,1=1.1'101 
CALL PRNTS I 8.1'10 I 
CALL SOLVE INT'!IUlnTJ.O) 

4 CONT INUE 

RETURN 
(NO 

3 

SUBROUTINE SOLVE ( NT,N02,I STOR I 
IMPLICIT REAl*B (A-H,D-ZI 
COMMON NOEL,NOI 1501, IXI,Eol1501 ,oUMI150I,BI150I,AIl1325) 
COMMON I FRNT t ll,MD,MO,KO,NO,lOTI1501.LOCT(l5JI 

DO 6 LO I.N02 

CAll 

DO I 

DO 2 

CAll 

BACKSPACE :3 
READ 131 ll.MO,~O,KO,NO,lQT,lOCT 
BACKSPACE 3 
PRNT2 

IF I Ku .GT .NO I GOIO 3 

; KO,NO 
l lOCT I 
DUM I I I ~ B l 

= KO.NO 
B ( I ) ~ DUI1 
CAll PRN TB I B,NO 

IF I MO.EO.O GOTO 4 

NE • NO I I1Q I + NT - MQ 
BACKSPACE 4 
READ (41 IBIII,I;I.MOI,IIIIII,I=l,NEI 
BACKSPACE" 
CAll PRNTB I B,NQ I 
PRNTA I A,B.NO.MQ,NT 

CALL BPAIS MQ,KO,NQ,NO.I,A 

CAll PRN T8 B,NQ I 

" 00 5 I : I, MO 
l lOT I 

5 EO 1 I 8 l 

PRINT 1l0,ll 
PR INT 130, I FDn I, 1;I,Mol 

IF IISTOR.GT.O) WRITE! el Mo.IEolll,1;I,MoI 

I> CONTINUE 

100 FORMAT IIHl.8X.12HOISPlACEMENT.t.6X,4HNOOE,6X.IHU,IIX,IHV,lIX,IHIII 
IIJ FORMAT Itt.8X.1HElEMENT,16./1 
130 FORMATIIP4EI2.31 

RETURN 
END 

~ 
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2 

3 

SUBROUTINE BPASS I MQ,KQ,NQ,NO,B,A 
IMPLICIT REAL*S IA-H,O-Z) 
DIMENSION N01150)'81 150l,AI 113251 

IF 1 MQ .EO. NQ GOTO Z 

00 I ~ I.MO 
K = NO! I 1- I 

00 J % KQ.NO 
Bill BIll-AI J+KI*BI J) 

'" " MO+I 
I NOIMO) 
81",01 R BI MO I/A III 

IF 1 "'O.EQ.I GOTO 

DO " L • 2."''' 
I = ~L 
JI = 1+1 
K : NOI II-I 

00 3 J = J 1,,,,,, 
Bill = BIII-AIJ+KI*BIJ) 

K • NaIll 

4 BIU = BIIIIAIK) 

5 RETURN 
END 

SUBROUTINE PRNTO 
IMPLICIT REAl*e IA-H,o-Z) 
COMMON NOEl,NOPT,NDOfl "OO).IBI ~OO).lCI 4001. 

LOI36)'lOC 1361. 
Lll.MO 1,I11,Kl,H 1 ,NODE I, (01136) ,MOCI (36) • 
lZ2.M02,112.K2.N2,NODEZ.102136I,MOC21361 

COMMON I fRNT I LZ.MD.~0,KO.NQ,lOTI1501.lOCTI1501 
COMMON I PRNT I IPO,IPI,IPl,IP3,IPA,IPN.IPB 
IF IIPO .EO. 01 Gom 99 
PRINT 10,lZI.NOOEI.MDI. 

M 1 ,K I ,Nl , 
MQ ,KQ ,NQ 

10 FORMAT III 6X, 1Hlll ~. 14, 
6X. 7HNODE 1 =, 14, 
6X. 7H"'DI :. 14.1. 
6X, 7HMI ~, 14. 
6X. 7HKl =. 14. 
6X. 7HNI =y 14,1, 

9'1 RETURN 
END 

6X. 
6X, 
6X. 

7HMQ 
7HKO 
7HNO 

SUBROUT IN E PRNT 1 

=. 
~. 

=, 

IMPLICIT REAL*S I A-H,o-ZI 

14. 
14. 
14 1 

CO"'MON NOEL.NOPT.NOOFI 400) .IBI 4001.ICI 400), 
Ull 36l,lOC 1361 • 
L Z I. "'0 1. M I, K 1 , N 1 • NOD E I • ! 0 l( 36) • MaC 1 136 I • 
LZ2,MD2.MZ.KZ,NZ.NOOEZ.IOZ(36).MOC2136) 
I FRNT I lZ.MD.~0.KQ,N".lOTI1501.LOCTllS01 

COMMON I PRNT I IPO.IPI.IP2.IP3,IPA,IPN.IPB 
If IIPI .EO. 01 GOTO ~9 
PRINT 10,1101 1I1.r=I.NOOElJ 
PRINT 10.ILO IIl.I=I,NODElI 
PRINT 30,IlOT 111.1=1."'0 ) 
PRINT 40.IMOCIIII,I:I.NI 1 
PRINT 50.IMOC1III.I~I,Nl I 
PRINT 60.ILOC (1),I=I.NI I 
PRINT 70.llOCT( II.I=I,NO ) 

10 FOR"'AT 1II,6X.3HIO .2e14 I 
20 FOR",AT I 6X.3HlO. 2el" , 
30 FOR"'AT 6X.4HHlQ • 1014 ) 
40 FORMAT 6X,4HMOC I, 2014 I 
50 FORMAT 6X.4HMOC2. 2014 1 
60 FORMAT 6X.4HlOC • 2014 I 
70 FORMAT 6X.4HlOCT. ZOl4 I 
99 RETURN 

ENn 

SUBROUTINE PRNT 2 
IMPLICIT REAl*S IA-H,o-ZI 
COMMON I FRNT I lZ.I1D,MO,KO.NO.lOTI1501.lOCTI1501 
COMMON I PRNT I IPO,IPI.IP1.IP3.IPA.IPN,IPB 
IF IIPl .EO. 01 GOTO ~9 

PRINT I.ll 
PRINT 10.ILOT 1II.1%I,MOI 
PRINT 20, IlOC TI II. I~ I.NO) 

1 FORI1AT tIHI.5X.2HlZ.14 I 
10 FORMAT I 6X,4HlOT, 20141 
20 fORI1AT I 6X.4HlOCT, ZOl41 
99 RETURN 

fND 
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SUBROUTINE PRNTA IA,e,NO,NO,NTI 
IMPLICIT REAl*B [A-H,D-ZI 
DIMENSION A{I)'BI1I,NOIII,O(lSOI 
COMMON I PRNT I IPO,JPI.JP2,IP3'[PA,IPN'[PB 
IF .IIPA .EO. 01 GOTO ~9 
PR INT 20 
DO I 1=I,N1 
O( 11=0 
PRINT lO.IAIII,I=I,NTI,BllJ 
I F I NO. EQ • I I GO TO ~ g 
DO 2. ~~2,NQ 
I I- K- 1 
12-NOIKI 
13" 12+NT-K 

2 PRINT lO,c0((J.I=1,c1l,IAIII.I=12,131,6IKI 
10 FORMAT (6~,3HA • 2CF6.0 I 
20 FORMAT IIHO I 
'1'1 RETURN 

END 

SUBROUTINE PRNT3 I Nl,lot I 
IMPLICIT REAl*S IA-H.O-ZI 
DIMENSION lOCI 11 
COMMON I PRNT I IpJ,JPI,IP2,IP3,IPA,IPN,IPB 
IF 111'3 .EQ. 01 GOIO S<J 
PRINT IO,ILDCII It 1~I.NlI 

10 FORMAT I 1,6X,3HLOC, 2014 I 
'19 RHUkN 

END 

SUBROUTINE PRNTB I B.NO ) 
IMPllC IT REAl.S IA-H,D-Z) 
o 1M ENS ION B I II 
COMMON I pRNl I IPJ"Pl.IP2,IP3,JP~.IPN.IPB 
IF ( IP8.EO.0) GOTO <;q 
PRINT 100,lBIII,I:I.NQ) 

100 FORMAT ( ;'6X,2HB • 20FLO 1 
99 RETURN 

END 

SUBROUTINE PRNTNO I NT,NO , 
IMPllC IT REAl-e IA-H,D-ll 
DIMENSION NOlll 
COMMON 1 PRNT I Ip·),Jpl.lP2,IP3.IPA,IPN,jpB 
IF « IPN.EQ.O I GOTO 'i'i 
PPINT 100.NT,INO([I,I=I,NTI 

10l FORMAl 16~,2rNT,14,1,6X,2HNO,20141 
'19 RETURN 

END 

SUBROUTINE OVER 4 
II<PlICIT REAl.'S IA-H.D-ZI 
COM MONIC V INUMEl.NUP T S. NUBP TS, IBANDP ,M6ANO, !'IBlOC, !'IDFRE.I flAG. LV ECT, 

I ITEMP,NLVT,ISTRAN 
COMMON/S SI ! GEN. ! SHEAR ,JSHEAR, "liED.! RE AC T, "TRUSS. IS! G, IROT 
COMMON 10(4), NODES. I\InpE.NQUAD, NTRI. IC14001, BX!6,4JIl). 

1 1'1'(400.61. DU. AD!3,41, 6013.41. TDI3,361. TR(3.361. 
2 TQ I 3, 3, " I, XMQ I 3.3.41 , THI 5 I • T PC I 5.4,5 I , TP 1 • TP2. PX4111l • Oil • DU~. 
3 D22,D33.EM,PXlll341,S! 37,131, 
4 1'1(131, PX211521. OBl51, XM(3.3), XBC3.31. SMI3.3)' 
5 5613.31, lH3.3.4I, G1I3,3,41, lQI3,51, (;QO,5)' 
6 SCONO( l5.6.41, PX3I'11 ,XI41 ,Y141 

CIMENSION SIGN! 51,51(;( 3,SI.SSI41.STl41 .TEI'IPI5.5),EOI6.41. 
I DUll'll 1191,DL43714371 

EQUIVALENCE I DU,OU1l91 1) .<DU,OU437(11) 
DATA SIGN 11 • .1.,0.0.-1 •• -1.1 
RElof IND2 
REloflND3 
II EW IN04 
IS TRAN'O 
CO 7 l V' I.l vre T 
''lEW IND~ 
IF I NTRUSS.FQ.NUMEl GOTO 56 
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C ••••• INITIAlIIE PP,THE MATRIX STORING AVERAGED MOMENTS AND STE5SES.·· •• 
00 1 I: l,NUPTS 
IClll=O 
DO I J=I,6 

I PPlltJI=O. 
C ••••• SUM OVER NUMBER OF ELEMENTS ••••••••••••••••••••••••••••••••• •••••• 

IF I ISIG .GT. 0 I GO TO 800 
PRINT 90.LV 
PR INT 93 
GO TO 56 

800 PRINT 801,lV 
PRINT 80Z 
NEl ~ 0 

56 DO 50 JO= 1, NUMEl 
REAOI9) IO,NODES.NTYPE,NOUAO 
BACKSPACES 
READI8 I MO.II EOII, J 1,1=1, NDfRE I ,J=I ,NOOE SI 
CALL LDISPI EDtlO,BX,NDfRE,NODES I 
BACKSPACEB 
IF I NODES.GT.2 I GOTD 55 
REAO(9) DUll9 
100I=JO 
If I LV.EO.I I wRlTEI21 11011 I ,1~1,31 
IF! LV .EO. 1 I WRITEI21 DUll9 
GOTO 50 

55 REACI9) DU431 
THI51 = DU 

IF I NTYPE.GT.O) READI91 X,Y 
00 6 1=I,NOOES 
1'.= 101 II 

8 ICIKI: ICII( hi 
IF I ISHEAR.EO.61 READI91 SCOND 
I F I NODES .EO." I REAOl91 S 
IF I NODES .eO.41 READ!91 PT 

C ••••• COMPUTE INT ER lOR NODAL PT. 01 SPL. fOR OUAD. AND NOOU PT. 0ISPL. F 
C ••••• TRI. IN ELEMENT COOROS ......................... •••••• ............ . 

IF 1T1'151.LT •• OOOOOII GO TO 50 
IF IXHQII.lrll.LT •• IlOl .OR. XMOI2.2,1I.LT •• 00II GO TO 50 
CAll GOISPL 

C ••••• COMPUTE AND TRANSFORM ELEMENT STRESSES AND MOMENTS •••••••••••••••• 
00 II Js 1. 5 

11 08IJI=THIJI •• 3/12. 
00 10 NTRI=I.NQUAO 
IF I NlYPE.LE.O I CALL MEMBR 
IF!NTYPE .Gl. 01 CALL MEMBO!NTR1,X.Y,PT,XM,TPC,TPl,TP21 
CALL HOMTR ! 9,ISHEAR I 
00 6 I: 1,3 
00 b J= 1. 3 
SBII.JI=O. 
SMI I,J 1=0. 
00 b 1'.=1.3 
SBlltJI=SBI I.JI+XMQII,K,NTRII*XBIK,JI 

6 SM I It J I=S"II, J I+XMQII.K,NTRII .XIH I'. ,JI 
K=NTR I 
I(K=INTRI-U·q 
DO 10 J:I,3 
L=KK+lJ-lJ·3 
N5: I 
IF 1 N5.GT.0 L~KK+~ 

C=TRll.L+II 

R~TR II,L +21 
CS=OSQR TIC" 2.R".21 
C=ClCS 
R=R/CS 
C2=C·C 
S 2=R*R 
SC=R *C 
C 2MS 2~ Cl-S 2 
F=SIH I, J 1 
G=SMI2.JI 
H=SMI3,J I 
IF(NTYPE.LE.OI GO TO ~O 
ZTlI,J,1( I=F 
lTI2,J.K I:G 
ITl3,J.KI='" 

GO TO 40 
30 11ll,J,I( I=C2*F+S2*G-2.*SC*H 

IT (2,J.K 1= SZ*F+C 2*G*2.*SC*H 
lTI3,J,K )=SC"IF-GI+C2MS2*H 

40 F~SBIl.J) 
G=SBI 2. JI 
H=SBI3.J I 
GlII,J,K I=C2*F+S'*G-l."SC*H 
GIl 2. J, K 1= Sl"F+C 2.G+l. *SC *H 

10 G1I3.J ,I( 1= SC"I F-G I+C 2M S2"H 
I FINODES. EQ.~ I GOTO 13 
flO 12 J= 1.3 
DO 12 1= 1, 3 
GO I It J 1= Gill. J • 1 I.OB ( J I 

12 ZQIl.JI=ZTlI.J.lJ*THIJI 
GOTO 15 

1300 14 1=1.3 
C ..... COMPUTE AVERAGE MOMENTS AND STRESSES FOR QUAD .................... . 

GOII,lJ=1 GUI.I.1 I*GIII ,2, .. 1 I •• 5.0BI 1 I 
GOI l,ll=IGUI,2, lJ+GIII, 1,211".50 DBI21 
GO I I, 31= I Gill, 2, 21*G 111. 1, 3 I ) Oo. 5*08 (3) 
GOI 1,41= I Gill, 2. 3) +G 111 , 1,41 I •• 5.0B 14. 
GOII, 51=IGIII,3. lI+GlIl ,3,21+Glll ,3.3)+Gll1.3.4J 1 •• 25.0BI51 
Z Q I t, I I = III I I, I, 1) + Z TI I ,2,4) 1 Oo. S" TH 111 
ZOI 1,21=IZTlI.2, iJ+ITlI,I,211 •• S"TH{21 
ZQ I I, 31= I I TI 1.2. ZI+I TIl • I. 3 I I •• 5 *TH 13 I 
I'll t, .. I=IITlI,2,31+ITlI.I.411*.S*THI .. 1 

14 ZQII.51=IITlI,3.1HITII,3,21+ZTII ,3.31+ITlI ,3,41 ,o.2S 0 THI5J 
C ••••• PRINT AVERAGE MOMENTS AND STRESSES FOR QUAD ••••••••••••••••••••••• 

15 PR INT 101,JQ 
NPT=3 
IFINOOES.EO ... I NPT=~ 

NQ 1 
IFI .. PT.~0.5.ANO.IGEN.GT.21 NO S 

DO 10 1= 1.5 
00 10 J=I,4 

1;) TEMPII.JI=TPCII.J,LVI 
00 11 1= 1. 5 
TEMPI I. 5 1= I TEMPI 1.11 +TEMPII ,21 + TEMPI I ,31+TEMPII ,411/4. 
IFINPT .EO. 31 TEMPII,51=ITEMPII.IJ+TEMPII.21+TEMPII,3111l. 

11 CONTINUE 
ALP=TP2 
PR=OI21011 
If I IS IG .GT. 0 I GO TO 60 

DO 3 L NQ, NP T 

,..... 
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II. T EMP=4.*1 TEMPI I ,lh TEMP 13 .1l-1. *TEMP 12 .lll/i THIU**ll 
aT EMP=I TE~IP I l.ll-TEMP 13 ,lIl/THllI 
CT EMP =TEMP 12, II 
MRES=EM*AlP*STEMP*ITHlll**31/112.*II.-PRII 
NRES=EM.AlP*IATEMP*ITHlll**3/12.I+CTEMP*THllII/II.-PRI 
GCll.lI=GQI l.ll-MRES 
GQI2.ll=GQI 2.ll-MRE S 
ZQll.ll=ZQII,L l-NRES 
IQI2,LI=ZQI2.LI-NRES 
14-0 
!fll.U.51 M=IQILI 

3 PRINT 20.IIGQII,JI,J=l.lI,I=I,3) .!(ZOIi .JI.J=l.1l.1=1.31,M 
C ••••• AOO NODAl POINT MOMENTS AND STRESS RESULTANTS IN PP •••• 

DO 16 J= I.NOOES 
K= IQI J I 
00 16 l= 1, 3 
M=l>3 
PPCK.~I=PPIK.lI+GQll,JI 

16 PPIK.MI=PPIK.MI+ZCll,JI 
GO fO 50 

60 CONTINUE 
c ••••• COMPUTE STRESSES AT EACH NODE 

DO 81 II =NQ. NPT 
IFIISTRAN .EC. 01 GO TO 99 

c ••••• COMPUTE EXX AND ny AT TOP SURFACE ONLY. ISOTROPIC MATERIAL. 
00 86 Il=1.2 

e6 SIGC IL,ll=ZQlll.llIITHlllI + IGCI1l,lU~./THllLl"2.1 
EXX-SIG( I. II/EM PR*SIG( 20ll/EM 
EYY=SIGI2.1I1EM PR*SIGll.ll/EM 

99 DO 80 [[=1.5.2 
S TT EMP: EM.AlPHf MP II I .lll/ll.-PR I 
00 80 Il=1.2 
S I Gill. III=ZO C Il .lUI THllU>1 GOlll.lU *6 ./TH Illl "21*S I GNIIII 
S IG( Il, 111=SIGlll.III-SJTEPlP 

80 S IGI3. III=ZQI 3,lL I/THI Lll>IGQll,lll*6./THllU**21*S IGNIIII 
M : 0 
IF ILl.LT.S I M=IQllll 
IF! ISTRAN .EQ. 01 GO 10 98 
PRINT 811,EXX.EYY,M 

811 FORMATl5X,31HTOP SLRFACE STRAINS.EXX AND EYY,2El2.", 
I 911FOR NOOE=. I 51 

98 PRINT 810. IISIGlll.III.ll=I,l'.1l=1.S.2),M 
810 FORMATlIX,IP9fl1.3.I4) 

IF I LL.LT .NPTI GO ra 81 
IF I NPT.EQ.S I GOTO E2 

C •••••• VERAGE THE STRESS RESULTANTS FOR TRI. ELEMENT 
00 8S IL = 1," 
GQI[l,5) = IGQIIl.1l>GOlll,2I+GOlll.311/3. 

85 ZQlll,SI IZQlll,U>ZOlll,ll+Z01Il,31113. 
THI51 = ITHI1l+THI2l+THI311/l. 

81 CONTINUE 
WRITEI"I JO 
NEl = NEt>1 
0083 II ~ 1,5,4 
00 84 Il ~ 1. 2 
S IGlll.III=ZOlll.5)/THI51+IGClll.51~.ITHISI"'21.SIGN(111 
S IGIIl, IIl:S IGI Il,III-EM*AlP*TEMPIII,SI II I.-PRI 

81, S 1 GI3, [11%1013, 511lH 151>1 GQI3 .SI*6.ITHI5IuZI.5IGNIIII 
FACt ISIGII,III>SIGI2,1l11*0.5 
FAC2: OSQRTlIISIGII.IIl-SIGI2,J111*0.51"2>SIGI3,111"11 

C 

SSI!) FACl+FAC2 
SS 121 FACl-FAC 2 
SSI31 ISSIII-5$111l12. 
IF 1 S5121 .EO. S[(;12,111 1 GOTO 81 
SSI41 : -51.212721213.0ATANISIGI3.III/ISIGI1.JII-SS(2111 
GO TO ee 

e1 sse 41 = 90. 
ee WRITE!"I SS 
83 CONTINUE 
81 CONT INUE 
50 CONT INUE 

20 FORMATllX,IP6Ell.3.1~1 
IF 1 NTRUSS .EO. NUMEL I GOTO 815 

IF IIGEN.GT.2) GO TO 7 
IF 1 ISIG .GT. 01 GOTO 7 
PRINT 91.LV 
PRINT 92 
DO 5 l~l,NUPTS 
XP'ICIII 
I F I XP • EO .0. I GO TO 5 
00 ~ J=I.6 

4 PP! I,Jl~PPII.JI/XP 
PRINT 1l0,1.IIPPIK,LI,L~I.6I,Kzl,11 

CONTINUE 
7 CON T INUE 

IF ! ISIG.LE.OI Gora 824 
REW INO" 
00 822 lV = l,LVECT 
PRINT 810,LV 
PR INT 821 
00 822 JJQ = I,NEL 
REAOl41 JQ 
REAOl41 SS 
REAOI"I Sf 
PRINT 813,JO,SS,ST 

823 FORMAT!14,lP8Ell.31 
822 CONT INUE 
824 CONTINUE 

IF I NTRUSS.EQ.O I GOTO 8000 
825 REW IN02 

REW IN03 
00 100 L V= I.l VEC T 

REWIN01 
PRINT 94.lV 
00 600 JQ=l.NTRUSS 
CAll AXIAL I Q,IO.BX I 
IF I Q.lT.D.O I PRINT'iS.1013I,Q 
IF I O.GE.D.O) PRINT <116.IQI3I,Q 

60 J CONTINUE 
NO CONT INUE 

90 fORMATIIHI,2x.38HElEMENT STRESS RESUlANTS FOR LOAD CASE.I"I 
101 FORMAT I 11H elEMENT NO.14.50X."HNOOEI 
91 FORMAT 170HIAVERAGEO NODAL STRESS RESUlTANTS,W.R.T.,SURFACE COOROI 

INATES,LOAO CASE.I"I 
92 FORMAT ISHONOOE 2X.1HM1 ~X.1HMI 9X.3HM12 8X.2HNI 9X.2HN2 9X,lHSI 

93 FORMAT IIHO 2X,2HM1 ~X.1HM1 9X.3HM11 BX.2HNI 9X,lHN2 9X.IHS /I 
9" FORMAT I1Hl.IX,43HAXIAl STRESSES FOR TRUSS ELEMENTS lOAO CASEd41 
95 FORMAT I7X.23HAXIAl ~TRESS FOR MEMBER.15.2X,lHIS,EI2.4 

• IlHCOMPRE SSION I 
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96 FORHAT I 7X.23HAXIAL STRESS FOR MEMBER,I5,ZX,2HIS,El2.4 
.1HTENSION 1 

110 FORMATlI4,IP6EII.JI 
901 FORHATI3014' 
801 FDRMATClHt.2X.43HELEHENT STRESSES (TOP-BOTTOM' FOR LOAD CASEd41 
802 FORMATI1HO.2X.ZHNI,9X.2HNZ.IOX.IHS.8X.ZHNI.9X.ZHNZ.9X,IHS./1 
8Z0 FORMAII IHI.2X.45HPRINCIPAL STRESSES (TGP-SOTTOMI FOR LOAD CASE.141 
8Z1 FaR"ATI5HOElEM,ZX.4HSMAX.1X.4H~"'IN.8X.4HTMAX.5X.3HANG.SX.4HSMAX,1X 

,4HSMIN,8X,4HTMAX.5X,3HANGI 
BOOO CONTINUE 

PRINT 330 
330 FORMATl1HI,25HNOOAL POINT DISPLACEMENTS 

00 331 K=I,NUPTS 
331 PRINT 33Z,K,IBXIJ,KI.J-l,NOFREI 
332 FORMAT I 14, IP6E13.5 I 23FEl1 

RETURN 
END 

SUBROUTINE GOISPl 
IMPL ICIl REAL*& I 
COMMON 10141.IXLC II,NTVPE,NQUAD,I X214011 .BI".400I,PXIIZ4ZSI, 

I T013.361, TR13.361, TOI3.3.4I, PX21l60l, UM15,41. 
2 VM15,41. BPI'h41. PX315Bl, SI31,13I. PTI13I. RZI13I. 
3 P1391. 015.5.41. PX415121 

00 99 1-1.5 
DO 99 J-l. 5 
00 99 Kz 1,4 

99 OI"J,KI~O.O 
IP-IOIII 
JP- 10121 
KP=IQI31 
IFINOUAD.EO.41 GOTO 10 
0015"=1.3 
P 1M 1= TQ I H. I. 1 I *S I 1. I P 1+ T QI M.Z .11 .8 12, I PI + T Q 1M. 3, II. B 13. I P I 
P 1M +5 ItTO I H, 1, 21*S 1 I.JP I+TQI M.2 ,21 *B 12 ,JPI+TOIM.3t2 I .aI3. JPI 

15 PIM+10)-TQI14.1,31*SI I.KPI+IQIM,Z.31*SI2.KPI+TQIM.3,31*BI3,KPI 
00 L1 14-4, S 
N ~ 14-3 
PIM I_ TQIN.I.II*SI4.IP)+TQIN,2tll*BIS,1 PI+TQIN.3.II*SI6, IPI 
PIM+S I- TQIN,I,21*BI4.JPI+TQIN,2,21*SI5.JPI+TQIN,3,ZI·aI6,JPI 

11 PI14+IOlz TQIN,l,31*SI4,KPI+TQIN,2,31·SIS,KPI+TQIN.3.3)·BI6.KPI 
DO 98 M= I, 5 
01 .... I. II=PI ... I 
OIM.2.1I=PIM+SI 

98 0114,3. II=PI 14+10 I 
GOTO 12 

10 LP- IOU" 
C ••••• GROUP OISPL. OF CORNER NODES IN P ••••••••••••••••••••••••••••••••• 

00 1 14 1.3 
PIM I=TQIM.l.ll.Bll.IPI+TQI~,2.II.SI2.1 PI+TQI14.3.II*SI3,IPI 
PI"'+S ,-HlIM,I. 21.BII.JPI+TQI14,2 .21*612.JP)+TOIM,3,21*SI3,JPI 
PI M+ 1 01= TO 1M. 1.31.6 I I • KP 1+ TQ 114 .2 .3) *s 12 • KP) + T Q( 14,3 ,3 I *B 13. KP) 

PI M +ISI = TQ 1M. 1,4 I *S I I, lP 1 + T QII!,2, 41 *612, LPI + T QI M, 3,41 * S 13, LP I 
00 16 M-4.5 
N 14-3 
PI14 )= TQIN.I,II*SIIt,IPI+TQIN,Z.11 *BIS.IPI+TQIN,3.1 1*616, IPI 
PIM+S I- TQIN.I, 21.SI4,JP1+TQIN,2,21*BI5,JPI+TQIN,3,21*BI6,JPI 
PI14+IOI= TQIN,I,31.BI4,KPI+TQIN,Z,31*6IS,KP)+TQIN,3,31*aI6.KPI 

16 PIM+151~ TCIN,I,41*614,LPI+TQIN,Z.41*615,LPI+TQIN,3.41*616.LPI 
C ••••• COMPUTE DISPL. AT INTERIOR NODES •••••••••••••••••••••••••••••••••• 

00 13 1- 6, 13 
13 R2II'-O.0 

NOOFC=13 
IF I NTVPE.GT.O I NDOFC=5 
00 3 1= I, NOOFC 
l= 19+1 
R2111=PTlI )/SIL +1,1 I 
002K=I.L 

2 R2111=R211 I-SIKoI I*PI KI 
3 PII+201=RZIII 

C ••••• STORE ALL THREE DISPL. CO",PONENTS AT MID SIDE NODES IN P •••••••••• 
00 5 1=1,4 
J=II-II·Z 
1<=11-11*3 
PIK+Z61=R2(J+61 

5 PIK+21l=R2IJ+11 
PI2SI=IPI 31+PI2311/2. 
PI311=IPI 81+PI231I1Z. 
PI34I=IP( 131+PI 2311/2. 
PI311=IPIIBI+PIZ31112. 

C ..... STORE OISPl. COMPONENTS FOR EACH TRI. IN D ....................... . 
00 " 1=1,5 
011, t.lI=PII I 
OII.Z.ll=PII+SI 
O( 1,4.1)=PII+Z81 
DII.5.1I=PI1+251 
01I,3.1I-PI1+201 
Ctt.[, '+5 I 
OII.Z, ( 1+101 
OIJ.4,ZI-PII+311 
01',5,21-PII+lSI 
011,3.21=PII+20) 
Oil, I. 3)=PII+ 101 
Ot 1,2,31-P11+151 
DII, 4, 31=PII+341 
Ot '.S.31=PII+311 
DII.3.31=PI1+201 
O( I, I.41=PII+151 
DII.Z,41=PII I 
01I,It.41=PI1+251 
D( 1.5,41=PII+34) 

6 DII,3,41=PtI+20) 
C ••••• TRANSFORM NODAL PT. DISPL. TO ELEMENT CaORDS •••••••••••••••••••••• 

12 00 8 K= I.NQUAO 
KK= IK-II*9 
D01J=1.5 
IFIJ.LT.41 l~KK+IJ-ll*3 
U14IJ,KI=TDII,l+II*01I,.l,KI+TOII,L+ZI.0IZ.J,KI+TDI1.L+3j.013,J,Kl 
V141 J.K I=TOI2, l+l ).DII.J,KI+TOIZ,l+ZI *012 .J.K)+TOI2 ,l+31 *DO • .1, Kl 
IFIJ.GT.31 GO TO 1 
1=IJ-1I*3 
SP (I+I.K I=TDI 3.l+11*011,J,K)+TOI3.l+Z1 *012,J.KI+T0I3.L+3).013,J.KI 

I-' 
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8P C 1+2,K I=TR I l.l+ U.oI 4, J, KI + TR( l,l+2/ .015, J,KJ 
BPI 1+3,K I=TRI 2,l+1I*0( 4,J.KI+ TRI2,L+21*OI5,J,KI 

7 CONT INUE 
B COIH INUE 

00 20 [= I, 4 
J= C 1- 11* 2 
K= C [-11.5 
PTlJ+ll=PCK+ll 

20 PTIJ+21=PCK+21 
RETURN 
END 

SUBROUT[NE HEMBR 
[HPl J CIT R EAl*S I A-H ,O-ll 
COMHON IX 11 51,NTYPE .NQUAD ,NTRI ,I X2(400) .PXl 14M 1), Aol 3.4). 

I BDI3,4J,PX2C2931.TPC C 5.4,51. TPl.TP2,PX61171,U~15,41.VMI5,4I, 
2PX3(36I.UC 51, VI 51 , PX4(6'991, XMC3,31, PX514981 

C ••••• GROUP MEMBRANE OISPl. IN U AND V •••••••••••••••••••••••••••••••••• 
00 1 1= I, 5 
U C II-UMI I. NTR II 

1 VIII=VMII,NTRIl 
C ..... HOOIFY STRAIN DISH. MATRix IF ElEMENTT IS A CST ................. . 

If(NQUAO.EQ.41 GOlD 2 
U(41=IU(21+U(311/2. 
VI4)=(VI 21+VI 31112. 
UI51=IUIII+UI31112. 
V151- IVI lI+VI 31112. 

C ••••• COMPUTE STRAINS IN X OIR •••••••••••••••••••••••••••••••••••••••••• 
2 AREA2=-1./IAOI3,NTRI '.BOI l.NTRI II 

E=SDIl,NTRII·AREA2 
A-ADI I,NTR Il.AREA2 
C=AOI2,NTRI)*AREA2 
D=AOI3.NTRII·AREA2 
HEST= "TRI+I 
IF IllEST .CT .41 ITE ST-l 
XMIl.lI=IUI11-UI211·e 
XMI 1021=IUI 1)-UI211.E 
Xl'll 1,31- I-UI II+UI 21+4 •• I-UI 41+ UI 51 1 I.E 

c ••••• COMPUTE STRAINS IN Y oIR •••••••••••••••••••••••••••••••••••••••••• 
XM 12.11- (1.- 2 •• 0 ).VI 11+C .VI 21-D.VI 31+4 •• O.VI 51 
XMI2.21=A·Vlll+IC-2 •• 01.VI21-0·~131+4 •• 0.VI41 
XM I 2. 31 <-A. V I ll-C.VI 21+ 3 •• O.VI 31+4. OC .VI 41 +4 •• A.V I 51 

C ••••• COHPUTE 5H€AR STRAINS ••••••••••••••••••••••••••••••••••••••••••••• 
XM (3,11= (VI II-VI 2)).E+IA-2. *D I .UI ll+C.UI 21-0.UIlI +4 •• O.U (51 
XM 13, 21= IV ( II-VI 2)I.E +A.U( 11+ IC-2 •• 01 .U(21-0*UI3I +4..0.U (41 
XMI3. 31= I-VI II+VI 21+~ •• I-VI41.VI 5)) J *E 

1 -A.U(1)-C*UI21+3 •• 0.UI31+4.OC.UI41+4 •• A*UI51 
RETURN 
END 

SUBROUTINE LD!SPI ED,IQ,BX,NoFRE,NODES 
[MPLICIT REAl.S IA-H.O-ZI 
DIHENS ION IQI ~I,EDI t,41,BX16.4001 
00 1 K=l.NDDES 
l; IQIK I 
DO 1 l=l.NDFRE 
aXI l.ll=EDt I.KI 
RETURN 
END 

SUBROUTINE MOMTR I NSF,ISHEAR I 
IMPLICIT REAl.S IA-H.D-ZI 
COMMON IXlI7I. NTRI. IX21400l, PX1I4801l. AOl3.41, B013,41. 

1 PX214521, BPI'9,41, PX31l0l, R1l21. A131. B131. UOI, 
2 HT(3)' TX131. TV131, 013,61, PX41660l, XBI3,31, 
3 PX51120l, SCONDI15.6,41. CI61, 001 

DIMENSION IPERMI31.NKNI2,31 
DATA IPERM/2,3.l/, NKN/2.5, S,2, 5,SI 
DO 2 1=1. '9 

2 RIII=8PII,NTR() 
IF I ISHEAR.NE.61 GOTO 10 
DO 6 1=1,6 
CIII=G. 
L= B+I 
DO 3 K= 

3 CIIIECI II-SCONOIK, I,NTRII+RfK) 
6 RII+91=CIII 

R(2)=RI2)-CI4) 
R I 51=RI 51-CI 51 
R(S)=RUJ-CI6) 
RC3I=ROI+Clll 
RI61=RI61+(121 
RI91=R!9l+CI H 

10 DO 1 1=" 1 
Oil 1= O. 
BIII=BOII,NTRII 
AI I'=ADI I.NTRII 
I f I I SHEAR .N E .61 GO TO 5 
00 4 J= 1. 3 
o ( 1/ = 0 I 1 )+8 ( J I.C I J I 
D (21=D! 21+AIJ I.CI J+31 

40131=0131+AIJI.CIJI+8IJI.CIJ+31 
5 AREA = ADI.S' 21-AI 21.S(3) 

DO 120 I = 1,3 
J = IPERMI II 
X = A I II •• 2+8 II J .. 2 
UIII = -IAIII.AIJ)+BIII+BIJIl/X 
X = DSQRT/XI 
rX11I = O.5.AIII/X 
TYlIl = -O.5.SI1I1X 
HT (II = 4.0.AREA/X 
Al - AIII/AREA 

I-' 
-..J 
I.D 



BI • BI II/AREA 
.0.1 = AIJI/AREA 
Bl = 81J I/IlREA 
011.1) 81*BI 
'112.1) Al*AI 
on,!) 2.*Al*Bl 
011.1+31 = 2,*61082 
012.1+3) 2.*AI*42 

120 Q13rl+31 2.*CA1*S2+Al*1l1i 
11 = 12 - NSf 
IF IM.LE.O) GO TO 1M 
DO 140 N = I.M 
K s 13 - N 
L 1 = NKNI 1. N I 
L2 = NKNI2.NI 

140 RIKI • IRILII+RIL111*TXIK-9)+IRILl+1l+Rll1+lII*TYIK-9) 
160 DO 200 I = 1.3 

J=IPfRMIII 
K = IPERMIJ) 
II 3* I 
JJ a 3*J 
KK ~ 3*K 
A2 AI J J 
.0.3 ~ AIK) 
112 81J I 
1l3. BIK) 
UZ = UIJI 
Ul = UIKI 
liZ = 1.-U2 
II). 1.-U3 
C21 -IZ.+1I21*Bl-11.+1J31*Bl 
(2Z 8Z*W2-83*U) 
C31 = -12.+W21*AZ-11.+1J31 *113 
(32 AZ*W2-A 3*U3 
C51 4.*83-6Z+83*1I3 
( 52 B Z"-B 3*11:3 
(61 4.*A3-A Z+A3*1I3 
(62 AZ-A 3*W3 
(81 83-4.*8 2-B ZOUZ 
C82 B2*U2-83 
C91 A3"-4.*A2-A2*U2 
(92 ~ A2*U1-A3 
C021 -81-13.+U))*83 
(022 = B3+13.""Z)*82 
(031 = -A2-13.+U3)*A3 
(032 = A 3+13.+11 21 *A Z 
00 200 N = 1.3 
'Ill QIN.l1 
'Ill QIN,JI 
033 OIN,KI 
012 OIN,I+3) 
'123 QINd+3) 
'131 QIN.K+3) 
'II '122-033 
'12 '122-'123 
'13 '133-023 
'14 023+01 
'I!> '123-01 

XBIN,I) 1-6.*011+3.*1 CU3-W21*01+1 U3+"21*QZ311*RIII-21 
1 + 16,*02Z+3,*1I3*Q41*RI J.J-21 + 16.*0)3+3.*UZ*OS)*RCKK-21 
Z +l1(21*01+(22*023+4.*IBZ*031-B3*012l) *RIII-il 
3 + 1(31*01+C3Z*Q23+4.*IA2*Q31-A3*CIZlI *RIII) 
4 + ((51*Q2Z+C5Z*031 ORIJJ-lI .. ((61*QZZ+(6Z*031 *RIJ.l1 
5 .. 1(81*033+Cf2*QZ) *RIKK-ll + IC91*Q33+(9Z*OZI *RIKK) 
6 + HTIK)*04*RIK+~) + HTIJI*OS*RIJ+9111Z. 

ZOO XBIN, 1)=-X6IN.I'-DINI/IIREA 
RETURN 
.E.N.D 

SUBROUTINE MEMBQINTRI.X,Y,P,X~.TEMP,TP1,TPZ) 
IMPLICIT REAL*8 IA-H,Q-Z) 
DIMENSION X(4), '1'(4), PIll), XMI3,3).TE"PI5,41 
DIMENSION EPSXI4" EP5YI4), 55141. TT(4), LOCIZ,4) 
DATA LOC I 1. 2. Z, 3. 3, 4.4. 1 I 
DATA SS I-I., I., 1.,-1.1. TT I-l.,-I.,!.,!.I 
IFINUU.GT.1I GO TO 300 
RI2 XIlI-XIZ! 
R13 XIII-X(3) 
RI4 XIII-X(4) 
R 23 ~ XI Z) - X(3) 
RZ"t XIZ) - X(4) 
R34 X(3) - XI4J 
liZ '1'111-'1'(2) 
l13 YI1I-YI3) 
l14 = YIli - 'I'll,) 
zn YI Z) - Y(3) 

lZ4 YIZ) - Y14) 
234 y(3)-Yl4) 
VQL2R 13*ZZ .... R 24*Z13 
(AL'. QMSC2 I RI3,R24,ZI3.ZZ4,VOL,X5,X6,Xl,X8,Y5,Y6'Y7,V8 I 
EPSXY = XS*Plll+YS*P(2)+X6*PI31 +Y6*PI41+X1*PI5l+Yl*P(6)+xa*PI1)+ 

Y8*P181 
00 200 I 1. 4 
CALL OM5( 1 1 5511 ),TTlI),RIZ,RI3,R14,R23,R24,R34.l12,ll3.114,Z23, 

Z24, Z 34, VOL, Xl, X2, x3. XI, ,XC. Y I • '1'2.'1' 3.'1' 4. 'I' ( ,XJAC. X II ), 
XI Z), XI 3),XI4),Ylll ,YIZI ,'1'131,'1'(4) I 

EP5XIII YI*PIlI+YZ*PI3I+U*PI5I+Y4*PI1I 
200 EPSYII) • Xl*PIZ)+XZ*PI4I+X3*PI6I+X4*PI8) 

SXAV I EPSXI1I+EPSXI21+EPSXC3I+EPSX(4) J * 0.Z5 
SYAV = I EPSY(1)+EPSVI21.EPSYI3)+EPSVI4) I * 0.Z5 

300 DO 400 1= I. ;; 
L = lOC(!.NTRll 
XM lit 11= EPSXI Ll 
XMI2.1)~EPSYIL) 

4:)0 XI1 13.1 ) EP SXY 
XI1 I 1.3}= S XII V 
XMIZ,31=$YAV 
XI113.31 = EPSXY 
RETURN 
END 
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SUBROUTINE OM5Cl ( S,T,R12.R13.R14.1l23,Rl4,R34,Zl2,Z13,Z14,Z23. 
Z24,Z34,VOL.X1,X2,X3,X4.XC ,Yl,Y2 ,Y3,Y4 ,YC,XJAC,Rl,R2. 
R3,R4.Z1,Z2,Z3,Z4 I 

IMPLICIT REAL*S (A-H.G-Zl 
C..... THIS ROUTINE IS CAlUO 8Y OMS STIFFNESS AND STRESS ROUT INES 

XJ =VOL +s* IR 34*Z 12-R 12.Z 341 +I*' R23*Zl4-R14*Z231 
XJAC=XJ/B.O 
SM= l.o--S 
Sp= 1.0+$ 
T"'= 1.0-- T 
TP~l.OH 

Xl=I-R24*R34*S+R23*Y1/XJ 
X 2= 1 R 13-R 34*$-R 14*Tl/XJ 
X3=1 R24-R 12*S+R14*n/XJ 
X4- (-R 13+R 12* S-R23*TJ IXJ 
Yl=1 124-Z34*S-Z23*n/XJ 
Y2=I-Z13,Z34*S'Z14*TI/XJ 
Y 3=1- Z24 +Z 12* S-Z 14*0 IXJ 
Y4-1 Z13-Z12*S+Z23*Tl/XJ 
RS=O. 2S* I TM*R l+TM*R 2+ lp*R3- TP*R41 
Z S=O. 25* 1- T"'*Z 1 +T"'*Z 2+ Tp.Z 3-TP*Z41 
RT- O. 25* 1- S"'.Rl- SP""" 2* SP*R3+ S~.R41 
IT=O. 2S*I-S"'.Z 1- 5P *z 2+ SP"Z 3+S"'*Z41 
XC=-2 .0. I H SM. SP*R 5- S* T"'*TP"R T1/XJAC 
YC= 2.0. I T* S",.SP*Z S- S* TM. TP"Z n IXJAC 
RETURN 
END 

SU8ROUTINE OM5C2 ( R13.R24.Zl3,Zl4.VOl.X5.X6.X7.X8,Y5.Y6,Y7.YS I 
IMPLICIT REAL.g (A-H.G-ZI 

C..... THIS ROUTINE IS CALLED 8Y QMS STIFFNESS AND STRESS ROUTINES 
Y 5 Z 24/VOL 
X6 x R 13/VOl 
X7 R24/VOL 
Y8 ~ Z 13/VOl 
X5 =-)(7 

Y6 =-YS 
Yl =-YS 
XS =-X6 
RETURN 
END 

SUBROUTINE AXIAL ( 0,I0.5X I 
IMPLICIT REAL"8 ,A-H.G-ZI 
COMMON lAX I THOI4),ANG.TPCIS,4,SI.TPl,TPl,XI4I,YI41,z141 
OIMENS ION 10(4),eX(6,4001 
REAOl21 110111,1=1,31 
Rf~0121 THO.ANG.TPC,TPl,TP2,X,Y.1 
XP=XI 21-XI 11 
YP=YI21-Y( 11 
lP=Zl21-Z1 II 
~DSORT 1 xP*XP*YP.YP+ZP"ZP 
X l=XP/O 
X2'YP/0 
X3=Zp/Q 
M· 10111 
N= 10 121 
XR=BX(l,N )-I>X( 1,111 
YR=8XI2,NI-6XI2.MI 
ZR=8XI3.NI-BXI3.MI 
0= I X l*XR +X2*YR+X3.ZR I *THO! 21/0 
TEMp=0.S"CTpCI3,1,11*TPCI3,2.111 
o I-THO! 21.TP 2.TEMP 
o • Q-Q I 
RETURN 
END 

'-' 
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