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PREFACE 

A finite element procedure for the analysis of complex bridge structures 

Which may be idealized as an assemblage of one and two-dimensional elements 

has been presented. This procedure accounts for the effects of severely 

skewed supports, curvature along the bridge center line and the cross sectional 

shape as they influence the structural response. 

Program SHELL was used to perform two demonstration analyses. Several 

individuals have made contributions in developing and testing this program 

over a period of several years. With regard to this project special thanks 

are due to John Panak, Hasan Akay, M. R. Abdelraouf and Steve Spoor. In 

addition, thanks are due to Nancy L. Pierce and the members of the staff of 

the Center for Highway Research for their assistance in producing this 

report. 
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ABSTRACT 

This research focused on the application of finite element computer 

programs to complex bridge structures which may be idealized as an assem

blage of one and two-dimensional elements. Each two-dimensional element 

may be either triangular or quadrilateral in shape. They may be arbitrarily 

located in space by merely specifying the coordinates at the corners of the 

elements. Each element contains a membrane and a bending stiffness. Assem

blages of these elements are able to effectively represent three-dimensional 

structural behavior for a detailed determination of stresses and deflections 

for a wide range of highway structures. 

Demonstration analyses were performed on two highway bridges under the 

action of dead and live loads including prestressing forces. The influence 

of severely skewed supports, curvature along the bridge center line, lateral 

bracing and transverse diaphragms and concrete placing sequences on the 

structural response was studied. In addition, a buckling analysis of an 

interior steel girder was made in an effort to gain insight into bracing and 

stiffener requirements. A preliminary investigation of the influence of ther

mal stresses caused by daily variations in temperature was undertaken. The 

problem of temperature induced stresses is being addressed in more detail in 

a current project. 

KEY WORDS: static, buckling, hi~hway bridges, finite element, skewed 

supports, computer program. 
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SUMMARY 

Static and buckling computer programs have been applied to problems of 

current practical importance to the Texas Highway Department. Program SHELL 

which was used most extensively in the study is applicable to highway 

structures which may be idealized as an assemblage of one and two-dimensional 

elements. Complex geometries and supporting arrangements may be systematically 

treated inasmuch as elements and nodes can be arbitrarily positioned in space. 

This program was highly developed at the onset of this work. It was further 

modified and extended during the course of the research to enhance its appli

cation to highway structures. 

A similar program, SHELL6 was used for check purposes. It is based on a 

six-degree-of-freedom nodal system of displacements while only five are used 

for program SHELL. Results from the two programs were in close agreement. 

During the latter part of the project, program SHELL was modified to account 

for six-degrees-of-freedom. The resulting program (PLS6DOF) reduces the 

required input but requires more storage and computation time than program 

SHELL. Program MESHPLT was developed to enable the user to check his input 

data. Moreover, a CAL-COMP plot routine was added for the purpose of plotting 

the finite element mesh. Program BASP was used for the buckling analyses. 

Demonstration analyses were made for two highway bridges. The key results 

from these analyses are presented in this report. Input requirements and the 

associated output for an example problem are described in detail. The demon

stration analyses were performed in close coordination with the engineers of 

the Bridge Division at the Texas Highway Department to enable continuing 

application of program SHELL for structures requiring this general treatment. 

The generality of programs SHELL and PLS6DOF allows one to determine analyti

cally the structural response of proposed complex geometries for construction; 

thus enhancing the implementation of new bridge types which may be both 

efficient and pleasing in appearance. 

vii 
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IMPLEMENTATION STATEMENT 

A finite element computer program (SHELL) for analyzing structures which 

may be idealized as an assemblage of one and two-dimensional flat plate ele

ments has been modified and extended during the course of this research. The 

CDC 6600 computer at the University of Texas was used for this purpose. The 

final version of program SHELL has also been adapted to the IBM computer 

facilities of the Texas Highway Department. In particular this report 

contains: 

a) The Documentation of Program SHELL (Chapter 4) 

b) An Example Problem for Input and Output (Appendix 1) 

c) A Listing of the IBM Version (Appendix 2) 

for the purpose of in-house use by the Texas Highway Department. Also, the 

two demonstration analyses which were performed and described herein should 

expedite the future use of this program. Programs BASP, MESHPLT and PLS6DOF 

which were not adapted to the computer facilities of the Texas Highway 

Department are available upon request. Program SHELL6 has been listed in a 

previous report. 

The program is not restricted to any particular geometric form; thus the 

input requirements are quite substantial. Mesh generation options, however, 

which are an integral part of the program reduce and simplify the data pre

paration for a given problem. 

All aspects of the demonstration analyses are successful. However, 

current research being performed under Research Project 3-5-74-23 clearly 

indicates a deficiency in the manner in which the temperature was repre

sented. In particular the temperature distribution in a bridge slab is 

non-uniform over its depth. The ability to account for the non-uniform tem

perature distribution has recently been incorporated into PLS6DOF and is 

currently being evaluated. It is anticipated that the final version of 

PLS6DOF will be adapted to the Texas Highway Department computer facilities 

at the end of Research Project 3-5-74-23. This will provide the user with a 

choice of programs to use depending on the structure being analyzed. 

ix 
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CHAPTER 1. INTRODUCTION 

Nature of the Problem 

This report is intended to summarize the results of the research project 

"Static and Buckling Analysis of Highway Bridges by Finite Element Procedures," 

which was conducted during the period August 1, 1971, to August 31, 1973, 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 would be applicable for predicting structural response of 

complex bridge strucFures. 

Current bridge construction practice includes a variety of cross section 

types used in various plan configurations that require the use of a rather 

general procedure if a representative and accurate static analysis is to be 

made. The shape of the cross section when combined with either variable skew 

supports or curvature along the bridge center line is a source of three

dimensional structural response. In addition this behavior may be accentuated 

for bridges with widely spaced steel girders which are laced with complex 

diaphragms forming an integral three-dimensional structural assemblage with the 

slab and girders. Furthermore, the structural behavior is influenced by 

loadings which are eccentric to the bridge center line, thermal stresses caused 

by daily variations in temperature and buckling in regions having thin struc

tural elements subjected predominately to compressive stresses. 

The degree of accuracy in computing stresses, displacements, and buckling 

characteristics for such structures depends on how accurately the structure 

may be idealized as an assemblage of structural elements. To this end, the 

use of finite elements having arbitrary shape and position in space is 

required, together with the associated necessity that the individual elements 

have adequate stiffness properties so that the structural response may be 

accurately determined. Fortunately, highly developed finite element analysis 

programs were available at the onset of this work. Thus only minimal modifi

cations and extensions were necessary to address problems of current interest. 

1 
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Review of Analysis Procedures 

Historically highway bridges have been analyzed as continuous beams. 

When more detail is required to represent the shape of the cross section and 

supporting arrangement, the actual structure is often idealized as a two

dimensional plate structure or an assemblage of individual plates representing 

the slab and supporting girders. These idealizations for a typical slab

girder cross section are shown in Fig 1. Several analysis procedures are 

available for these idealizations. They may be grouped into four categories 

according to the structural idealization: 

1. equivalent flat plate idealization (Fig lb), 

2. equivalent plate and beam idealization (Fig lc), 

3. folded plate method (Fig ld), and 

4. finite element method (Fig ld). 

The literature on analysis procedures for the four categories is extensive 

and will not be reviewed in detail here. However, characteristics of each 

category will be discussed and representative analysis procedures will be 

cited. 

The equivalent flat plate idealization involves" smearing" the variable 

cross section properties into an equivalent uniform plate as shown in Fig lb. 

Transverse and longitudinal bending stiffnesses are assigned empirically and 

the uniform plate is analyzed as a two-dimensional plate structure. An 

alternative idealization consists of empirical assignment of variable inertias 

for the slab, girders, and parapets as shown in Fig lc. The resulting ideali

zation is then analyzed as a plate with embedded beams in which the geometric 

center lines of the equivalent composite beams representing the parapets and 

girders are assumed to lie in the plane of the equivalent plate. Thus, both 

procedures approximate the eccentrically connected parapets and girders by a 

two-dimensional structural system. Analysis procedures for skewed anisotropic 

slabs are discussed extensively in Ref 1 by a finite element method and in 

Ref 2 by a discrete element technique. The principal shortcoming of either 

of the above procedures lies in the difficulty of assigning inertias to the 

equivalent system to accurately model the actual behavior. Furthermore, these 

analyses only yield bending moments in the equivalent bending structure which 

only approximates the actual distributions of longitudinal and transverse 
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"--- ~ ---- ---- ----

(a). Slab-girder section. 

(b). Equivalent flat plate idealization. 

I I I I I I I 

(c). Equivalent plate and beam idealization. 

\ J 

(d). Folded plate and finite element idealization. 

Fig 1. Typical slab-girder section and various idealizations. 
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stresses over the depth of the cross section. 

The folded plate method, as described for example in Ref 3, is an effi

cient and accurate procedure for analyzing structures consisting of inter

secting plates. For example, this procedure would provide a more accurate 

analysis of the cross section of Fig la as compared to the equivalent flat 

plate and beam idealizations as described above. This procedure necessitates 

a structural idealization as shown in Fig ld and is able to accurately 

determine the distribution of stress over the cross section. Unfortunately, 

the folded plate method is based on a number of simplifying assumptions which 

limit its application to structures having regular geometries and supports, 

and so this method is essentially confined to treating cross sections which 

are constant over the entire bridge and to plan configurations which are 

rectangular. 

The finite element method is now a highly developed procedure for the 

analysis of complex structures. Even this procedure introduces approximations 

in the manner in which the structure is idealized and the subsequent evaluation 

of the stiffness properties of the idealized structure. When planar elements 

are used, the structural idealization is similar to the folded plate method 

but is generalized by merely subdividing the structure into several elements 

or pieces in both the transverse and longitudinal directions. The accuracy 

and range of application of a particular procedure must be evaluated in light 

of the approximations introduced in the formulation (i.e., element shapes and 

their stiffness properties). Representative procedures applicable to a class 

of highway structures may be found in Refs 4 and 5. 

The subject finite element procedure was an outgrowth of an effort to 

analyze curved shell structures (6,7,8,9) as an assemblage of planar tri

angular and quadrilateral elements. Since the shape of the individual 

elements and their orientation in space are arbitrary, they may be assembled 

to represent structures with arbitrary geometric forms. This procedure which 

has been further refined not only for static analysis (10) but also for 

structural buckling (11,12,13,14) was selected for this work. 

Objectives of the Study 

The application of static and buckling computer programs to study problems 

of current practical importance to the Texas Highway Department was the central 
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objective of this research. Demonstration analyses were performed on the 

structures shown in Figs 2 and 3. Emphasis was placed on accurately modeling 

these structures as an assemblage of one and two-dimensional finite elements 

in determining the displacements and stresses under the action of dead and 

live loads including prestressing forces. 

Demonstration analyses were made for the two highway bridges to determine 

the applicability of the subject procedure to complex bridge structures. 

These studies were performed in close coordination with the engineers of 

the Bridge Division of the Texas Highway Department. In addition to gaining 

insight into the static and buckling structural response of a special class 

of bridge structures, the experience thus gained could enable continuing 

application by the Texas Highway Department and others for structures 

requiring this general treatment. 

The Demonstration Analyses 

The gull-winged girder of Fig 2 was analyzed for dead load, prestressing 

forces and three live load cases. This structure is a post-tensioned railway 

structure continuous over three severely skewed supporting bents. The struc

ture is slightly curved. A companion analysis was made for a straight 

structure with orthogonal supports. The final results showed that the be

havior of the actual structure was significantly different from the assumed 

one. It was concluded that the severely skewed supports were the principal 

source of the differing behavior. In general, it was found that the skewed 

structure had smaller deflections than the straight orthogonally supported 

structure. 

A second demonstration analysis was performed on a bridge having three 

widely spaced girders braced with truss-type diaphragms. It is continuous 

over three spans with skewed supports. The plan view and cross section are 

shown in Figs 3a and 3b. The structural idealization consisted of two

dimensional elements for the slab and the webs of the girders while the 

flanges of the girders, vertical stiffeners, lateral bracing and transverse 

diaphragms were represented by one-dimensional (truss) elements. A total of 

584 nodal points and 1629 elements were included in this mesh layout. 

This bridge was analyzed for dead load by simplifying the actual placing 

sequence to two placings. Also two live load cases were considered. Analyses 
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(a). Plan view. 
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(b). Section A-A. 

Fig 2. Post-tensioned curved bridge. 
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~ of Supports --..,y 

(a). Plan view of bridge with diaphragms. 

(b). Bridge cross section at a typical diaphragm. 

Horizontal Stiffener 

(c). Elevation of girder at interior support. 

Fig 3. Skewed bridge with widely spaced girders. 
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were made with and without lateral bracing and transverse diaphragms. Also, 

a two-dimensional idealization (14) was employed in an effort to determine 

the effect of the skewed supports on the structural response. Analyses 

were also made for two assumed sets of temperatures as shown in Fig 4. The 

temperature gradient was assumed to be linear over the depth of the cross 

section. It was concluded that skewed supports had little influence on the 

overall structural response. 

Also a buckling analysis of the interior girder (Fig 3c) of the three

girder bridge was made using the procedure of Ref 14. The buckling analysis 

was made for total dead load without regard to placing sequences. Several 

refinements in the mesh were used due to the highly localized nature of buck

ling in the web of the girder. Analyses were made with and without the 

longitudinal half-stiffener. Comparison of the results clearly indicated the 

importance of this stiffener in increasing the load at which the web buckles. 
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Fig 4. 

a. Uneven temperature rise. 

b. Even temperature rise. 

Idealized cross section with diaphragm 
and approximate temperature rise 
in degree Fahrenheit. 
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CHAPTER 2. METHOD OF ANALYSIS 

General 

The program which was used most extensively in this research is called 

SHELL. As stated earlier, this program was available for the study since it 

had already found a wide range of applications for shell structures which 

could be idealized as an assemblage of two-dimensional flat plate elements 

to approximate the shell surface. These elements may be either triangular or 

quadrilateral in shape. They may be arbitrarily located in space by merely 

specifying the coordinates at the corners of the element. Each element con

tains a membrane stiffness and a bending stiffness. These stiffnesses are 

uncoupled at the element level. 

The Structural Idealization 

In order to apply this program to highway bridges, the bridge must first 

be idealized as an assemblage of two-dimensional elements. In most cases, 

this is done on an intuitive basis. For example, the finite element ideali

zation of the cross section of the gull-winged structure of Fig 5a is taken 

as the mid-surface of the slab and the sloping sides. Thus, the juncture 

regions of the slab and the sloping sides are only approximated by the mid

surface representation. The finite element idealization for the cross section 

of the Fig 5b was taken as the mid-surface of the slab and the webs of the 

girders. In addition, the stiffness of the flanges was simulated with truss 

elements located at the mid-depth of the flanges. In this case, the mid

surface of the slab and the truss do not coincide. Thus the truss elements 

were shifted up to the mid-surface of the slab. In this case, the cross

sectional moment of inertia of the finite element idealization differed from 

that of the actual cross section by 2.9 percent. While the finite element 

idealizations described above are relatively straight-forward, more thought 

may have to be given, for example, in the case of the cross section of Figs 

6a and b. The difficulty here lies in the region of the slab, sidewalk and 

11 
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mid surface of 
slop"inC) sides 

mid surface of slob 

a. Concrete section. 

~----~------- .. i't---------.r----t 

• Truss elements simulating the flange 

o Shifted position of truss elements 

b. Concrete and steel section. 

Fig 5. Finite element representations for 
bridge cross sections. 



parapet. Two possible idealizations are shown in Fig 6. These kinds of 

approximations in the structural idealization could be overcome by using 

three-dimensional finite elements with a heavy penalty paid in computation 

effort. 

General Features of Program SHELL 

13 

The theoretical development for program SHELL is available in Ref 7. The 

program resulting from that work (7) was extended and documented in Ref B. 

The principal extensions included element pressure load and mesh generation 

options for simplification of input data. Additional features were incorpo

rated into the program and described in Ref 10. These included: 

1. Variable thickness over the individual elements, 

2. orthotropic material properties, 

3. Overlay features, 

4. Element distributed loads (gravity forces), 

5. Iterative procedure for improving the displacement solution, and 

6. Calculation of reactive nodal point forces. 

The above versions of SHELL employed a five-degree-of-freedom (DOF) nodal 

system of displacements. The five-DOF consisted of three translations but 

only two rotations at each node point. While the five-DOF system yields economy 

in the solution process as compared to a six-DOF system, judgement is required 

in selecting the orientation of the two nodal rotations. This is discussed 

in more detail in Chapters, 4 and 5. 

During the course of this work the following were incorporated into 

program SHELL: 

7. The capacity of the program was increased to accommodate 

BOO nodes and 1200 elements. 

B. Truss elements were added. 

9. An improved membrane element (QM5) was added. 

10. A mechanism to account for linear variations in temperature 

over the elements mid-surface was added. 

11. An option was made available for the calculation of element 

principal stresses. 
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Finite element 

--~---------~-

Fig 6. 

Finite element 

Two possible finite element idealizations 
for slab, sidewalk and parapet. 



12. Nodes with zero stiffness in the equilibrium equations were 

made acceptable (this was useful in analyzing the placing 

sequences for the three-girder bridge). 

15 

The CDC version of this program has been adapted to the IBM computer facili

ties of the Texas Highway Department. A documentation of the program and 

a listing of the IBM version are included in this report. 

Other Computer Programs Used in the Research 

In addition to Program SHELL, four other programs were used during the 

course of this research. General characteristics of each are described 

below. 

Program SHELL6 -- This program employs the same structural idealization 

as SHELL. It has an option which enables the use of a refined membrane and 

bending element in the analysis. It employs a six-DOF nodal system of dis

placements. This program was useful in this work in assessing the effects 

of the five-DOF of SHELL for the gull-winged girder. This was accomplished by 

comparative analyses using both programs. SHELL6 is based on isotropic 

material properties and constant element thickness. The theoretical develop

ment, user's guide and program listing may be found in Ref 15. 

Program PLS6DOF -- This program was developed during the course of this 

research. It is identical to SHELL in all respects except that an element 

stiffness was added so that all three rotations could be dealt with in the 

analysis, thus resulting in a six-DOF nodal system. The chief attribute of 

PLS6DOF as compared to SHELL is the fact that a set of rather cumbersome 

inputs (those required to define the two rotations in SHELL) have been elimi

nated. It should be noted that PLS6DOF is currently being extended to include 

a more accurate representation of nonlinear temperature gradients through the 

element's thickness. This is being accomplished in Research Project 23, 

"Temperature Induced Stresses in Highway Bridges by Finite Element Analysis 

and Field Tests." Implementation of the final version of this program will 

thus enable the use of either a five or six-DOF nodal system in the analysis. 

The manner in which the additional stiffness was specified is described later 

in this report. 
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Program MESHPLT -- This program was developed to enable the user to 

check his input data before performing an analysis with either SHELL or 

PLS6DOF. To this end, the portions of these programs which read and print 

the data required to describe a finite element idealization were extracted 

to form MESHPLT. Moreover, a CAL-COMP plot routine was added for the purpose 

of plotting the finite element mesh. By exercising the appropriate option, 

a region of the mesh can be isolated and plotted to a larger scale. The 

plotting capability is very valuable in insuring that the elements and nodal 

coordinates have been correctly specified. 

Program BASP -- This program is based on a two-dimensional structural 

model which consists of plate elements and one-dimensional beam elements. 

It may be used for an in-plane stress analysis as well as an out-of-plane 

buckling analysis. The development of this program may be found in Refs 11 

and 14. It was further extended during the course of this work to enable 

mesh refinement in regions exhibiting local buckling as well as plotting of 

the finite element mesh. It was used in this project to determine the 

buckling characteristics of the interior girder of the three-girder bridge 

of Fig 3. 

Summary of Order of Presentation 

General characteristics of the analysis procedures have been described 

above. Since the emphasis of this project centered around using existing 

programs to address problems of current importance, much of the background 

information on the subject programs is contained in the previously cited 

references. However, for continuity in the presentation as well as bringing 

to light the developments as a result of this project, the finite elements 

used in Programs SHELL and PLS6DOF are described in the subsequent 

chapter. This is followed by documentation for SHELL and the results from 

the demonstration analyses. 



CHAPTER 3. THE FINITE ELEMENT IDEALIZATION 

General 

In addition to the approximations introduced by the structural ideali

zation that applies to any structural analysis problem, the finite element 

method includes another approximation which is due to the manner in which the 

stiffness properties of the individual elements are evaluated. Element 

stiffnesses are constructed by permitting the element to undergo prescribed 

sets of displacement patterns. Inasmuch as the structure is divided into 

several elements, the behavior of the entire structure can in general be 

closely approximated by using "simple" displacement patterns for each element. 

In this context "simp1ell displacement patterns are generally understood to 

mean linear variations of in-plane displacements (for the membrane stiffness) 

and cubic variations for out-of-p1ane displacements (for the bending stiff

ness). This results in a five-DOF nodal system for the element consisting of 

two in-plane translations for the membrane stiffness and one out-of-p1ane 

translation and two in-plane rotations for the bending stiffness. 

Refined elements result from using more IIcomp1exll displacement patterns. 

This generally results in an improvement of the element stiffness properties 

but additional degrees-of-freedom are introduced. With this approach fewer 

elements are required to achieve the desired accuracy. This advantage is 

offset when the structural idealization itself governs the number of elements 

required to accurately model the geometry and supporting arrangements of a 

particular structure. The approach used in developing the subject procedures 

was based on "simple" displacement patterns. In this regard, however, care 

was exercised in selecting elements with improved stiffness properties while 

maintaining a five-DOF nodal system of displacements. 

Finite Elements for Program SHELL 

This program allows the use of triangular elements or quadrilateral 

elements. The quadrilateral element should be used when possible because its 

stiffness properties have been shown to be superior to that of the triangle. 

17 
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The triangle was maintained only because it is sometimes required in the 

structural idealization. The membrane stiffness is based on plane stress 

while the bending stiffness follows from the Kirchhoff plate bending 

assumptions. 

The Triangular Element -- The membrane stiffness of the triangle is 

derived from linear displacement patterns as shown in Fig 7. Each corner 

has two in-plane DOF. This element is called the CST (Constant Strain Tri

angle). The bending stiffness of the triangle is constructed from cubic 

displacement patterns as shown in Fig 8. This element was presented in Ref 16 

and is termed the HCT (after Hsieh, Clough, and Tocher). It has 3 DOF at 

each corner consisting of a normal translation and two in-plane rotations. 

Cubic displacement functions are assigned to each sub-element of the triangle, 

thus resulting in 27 generalized coordinates for the triangle. The reduction 

to 9 DOF is accomplished by applying internal compatibility constraints 

between the sub-elements. This element is fully compatible for plate bending 

problems since the normal slopes along the element edges are constrained to 

be linear. 

The Quadrilateral Element -- Two versions of the quadrilateral element 

are contained in SHELL as indicated in Figs 9 and 10. In each case its 

bending stiffness consists of four HCT's. Thus the bending DOF are three 

at each corner node and the central interior node. The membrane stiffness 

for the quadrilateral of Fig 9 is a result of an assemblage of four triangles. 

The stiffness of each triangle is derived from quadratic displacement func

tions and by constraining the four external sides of Fig 9 to displace 

linearly. The quadratic functions for Triangle 1 and its DOF system are 

shown in Fig 11. This element has 12 DOF (two at each corner node and at 

each mid-side node) and is termed the LST (Linear Strain Triangle (17)). The 

stiffness of Triangle 1 (Figs 9 and 12) results from setting Uo = (u l + u
2
)/2 

and Vo (VI + v
2
)/2 in Fig 11. This eliminates the 2 DOF at the external 

mid-side node (i.e., Point 0 in Fig 11), and the resulting triangle has 10 

DOF as shown in Fig 12. This element is called the CLST (Constrained Linear 

Strain Triangle (6)). For the assembled quadrilateral of Fig 9, there are 

33 DOF (15 bending DOF and 18 membrane DOF). The 13 DOF contained in the 

interior of the element are eliminated by static condensation; thus the 

condensed element has 20 DOF (five at each exterior corner node). 



y 

U~I ____ ~~ __________________ ~~~ __ ~U2 
... X 

Fig 7. 

y 

Fig 8. 

Constant strain triangle with 6 degrees of freedom. 

My s-B Y5 

.. X 

Displacement functions and nodal point systems 
for triangular plate elements. 

19 



20 

.,22 • Jx~ X 

Fig 9. planar quadrilateral with 33 DOF. 
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Fig 10. planar quadrilateral with 25 DOF. 
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Fig 12. Constrained linear strain traing1e with 10 DOF. 
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The membrane stiffness of the quadrilateral of Fig 10 is constructed 

from bi-1inear polynomials with one additional higher term in each expansion 

as shown in Fig 13. These expansions cause each edge to displace linearly. 

Since each expansion has five terms, a total of 10 DOF are necessary. They 

consist of 2 DOF at each corner and the central interior point. This element 

was presented in Ref 18 and was referred to as the QMS. The assembled quad

rilateral of Fig 10 has 25 DOF. The 5 DOF of the central interior node are 

eliminated by static condensation. 

The QM5 is very effective in capturing bending modes of deformation that 

occur, for example, in the web of I-beams in flexure. Further, its stiffness 

properties remain acceptable with increasing aspect ratios (a/b). Aspect 

ratios up to 4 to 1 have been found acceptable. On the other hand, its stiff

ness properties deteriorate when the element geometry differs markedly from 

a rectangle. As a general guideline, the quadrilateral of Fig 10 is recom

mended when the element geometry is nearly rectangular while the quadrilateral 

of Fig 9 should be used for highly skewed quadrilaterals. 

The Out-of-P1ane Rotational Stiffness for Program PLS6DOF. The planar 

elements previously described have only five-DOF at the element level. In 

program SHELL only five-DOF were maintained in describing the stiffness of 

the element assemblage. These DOF are described in Secs. 1.2 and 1.4. In 

order to include, in a systematic way, six-DOF for the stiffness of the 

element assemblage an approach similar to that of Refs 19 and 20 was employed. 

This approach yields a rotational DOF normal to the element (about the z-axis) 

at each corner as shown in Fig 14; thus giving rise to six-DOF at the element 

level. These rotational DOF follow from a fictitious set of rotational 

stiffness coefficients which are assigned to the element (19). These rota

tional stiffness coefficients were constructed such that equilibrium is 

preserved in element coordinates and were defined for the triangular element 

as: 
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a. Quadrilateral with 24 DOF. 

~, 

~ __________________ -J ________ ~_~ X 

2 

b. Triangle with 18 DOF. 

Fig 14. Planar elements. 
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and for quadrilateral element as: 

MzI 1.5 -0.5 -0.5 -0.5 9z1 

Mz2 1.5 -0.5 -0.5 9z2 = CiEtA 
Mz3 1.5 -0.5 9z3 

Mz4 sym 1.5 9z4 

where E is the elastic constant 

A is the area of the element 

t is the average thickness over the element 

Ci is a constant 

The effects of varying Ci between very wide limits have been shown to be 

quite small (20). A value of Ci = 0.02 was selected for use in PLS6DOF. 
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CHAPTER 4. DOCUMENTATION OF PROGRAM SHELL 

Purpose and Programming Information 

The purpose of this finite element computer program is to provide a 

general capability for the analysis of complex structures which may be 

idealized as an assemblage of one and two-dimensional elements. The 

analysis includes the determination of nodal displacements, element stress 

and moment resultants, element stresses and principal stresses and nodal 

point reactions. Arbitrary loadings and support conditions, as well as 

variable thickness over the individual elements and orthotropic material 

properties, may be accounted for. Temperature effects may be approximated. 

In this regard, temperature is linear over the element's mid-surface but 

constant over its thickness. This program has been designed for large 

capacity; 800 nodes and 1200 elements are possible in the structural ideali

zation. Automatic mesh generation options reduce and simplify the task of 

preparing input data to the program. 

The program is written in F8RTRAN IV. It is divided into a main program 

and 35 subroutines. Overlay features are utilized to save storage. There 

are four overlays which are called sequentially by the resident (MAIN) pro

gram. Six F8RTRAN logical units are used for intermediate storage during 

the execution of the program. DOUBLE PRECISION is used for all real variables 

in the IBM version presented in this report. 

Use of the Program 

1.1 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 15. 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. 

27 
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a. Partial three-dimensional view. 

3 5 7 

b. Partial finite element idealization. 

Fig 15. Box girder bridge. 
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The nodal point numbering should run in the direction with the smallest 

number of elements as shown in Fig 15 in order to minimize the nodal point 

half band width (maximum element nodal difference plus one) of the entire 

assemblage. 

width of 20. 

The program is dimensioned for a maximum nodal point half band 

The element numbering should follow the general path of the 

nodal point numbering to insure successful formation of the structural stiff

ness of the assemblage. Recommended nodal and element numbering for the 

typical segment is shown in Fig 15. 

When the entire mesh or a portion of it has the same number of sub

divisions in two directions throughout as shown in Fig 16, 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 illu

strated in Fig 16. Element nodal point numbers for a regular mesh may be 

generated with a single input data card as described in Sec. 2.5. Element 

nodal points I, J, K and L are numbered counterclockwise with node I having 

the smallest number as illustrated for element 1 in Fig 16 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. Moreover, regular meshes usually result in minimum nodal point 

half band 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. However, this type of gradation results 

in "branches" of the nodal numbering sequence which increases the nodal point 

half band width; thus limiting the usefulness of this refinement procedure. 

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

as shown in Fig 17, 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. 

In addition, another set of coordinates Sl' S2 and S3 (Fig 17), 

called surface coordinates, must be selected. This coordinate system is used 

to characterize the two rotations of the five-OOF nodal system (also see Sec. 1.4). 

The rotation about ~3 is assumed to be zero; thus care should be exercised 
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Fig 16. Regular mesh with nodal and element numbering. 
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x 

Fig 17. Surface coordinate systems for box girder bridge. 
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in selecting its orientation. For points where all adjacent elements form a 

plane, S3 should be normal to that plane. In this case the five-DOF nodal 

system does not introduce any additional approximations since only five-DOF were 

used in the construction of the individual element stiffnesses. On the other 

hand for points where all elements at a point are not contained in a single 

plane, S3 should be located in the direction of the smaller of the three 

rotations to minimize the rotational constraints imposed by the omission of 

the third rotation. One possible orientation of the surface coordinates for 

the typical segment is shown in Fig 17. In this case S3 is directed 

vertically at the juncture of the horizontal and sloping plates. For gravity 

loads this is a good selection since the actual rotation about the gravity 

axis is in all likelihood a small effect. Furthermore, this simplifies the 

required input (see Sec. 2.4). As an additional note, if the sloping plates 

of Fig 17 were subdivided into more than one element, S3 should be speci-

fied normal to the nodes contained on the interior of the sloping plates. 

Local coordinates (x, y, and z) for each triangle are constructed auto

matically by the program as shown in Fig 18. This coordinate system is 

referred to as element coordinates and is defined as follows: The coordinate 

x is directed along side I-J while the coordinate y lies in the plane of 

the element and is directed toward node K. The coordinate z is con

structed normal to the plane of the element to complete a right-handed 

system for the coordinates x, y and z 

Another local coordinate system (~l ' ]2 ' and ]3) for each quadrilateral 

is constructed automatically as shown in Fig 19. This coordinate system is 

referred to as ]-coordinates and is constructed as follows. The coordinate, 

]1 ' bisects sides I-L and J-K, while ]2 bisects sides I-J and K-L. Positive 

directions for 1ll_and 112 are shown in Fig 19. Subsequently, ]3 is constructed 

normal to the 1\ -]2 plane and then ]2 is taken normal to the III -113 plane to 

complete the right handed system (Ill' ]2' 11 3), 

These two local systems, i.e., element and l1-coordinates, must be con

sidered in specifying orthotropic material orientations and element distributed 

loadings, and also, in determining the orientations of stress and moment 

resultants which are output by the program. 

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

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

brane and bending stiffnesses. 



a. Triangular Element 

Membrane stiffness 

Bending stiffness 

Constant strain triangle (CST) 

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. above. 

c. Planar Quadrilateral Element 

Membrane stiffness .•• A refined membrane element (QM5). 

Bending stiffness Same as for nonplanar quadrilateral. 

d. One-Dimensional Element ••• Axial stiffness only. 
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The superior stiffness properties of the quadrilateral versus the tri

angle motivate the general use of the quadrilateral. 

1.4 Nodal Point Degrees of Freedom and Base Coordinates. A five

degree-of-freedom nodal point displacement system for the assemblage is 

utilized. These five degrees of freedom consist of three linear translations 

and two rotations, and are defined as follows: 

Dl - Translation in either global x-dir. or surface E:l-dir., 

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

D3 - Translation in either global z-dir. or surface ~3-dir., 

D4 - Rotation about Sl coordinate. , 

D5 - Rotation about ~2 coordinate. 

It should be noted that all translations are either in global coordinates or 

surface coordinates. 

Base coordinates are defined as the coordinates in which the five 

degrees of freedom at each nodal point of the assemblage are expressed. 

From the above description, it is evident that the two options for base 

coordinates are: 

a. Global coordinates for the three translations and surface 

coordinates for the two rotations. 
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b. Surface coordinates for both the three translations and the 

two rotations. 

1.5 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 dis

placements over each triangle and each subelement of the quadrilateral. The 

nodal forces resulting from both shell weight and pressure are assumed to be 

LOAD CASE 1 (see Sec. 2.13); hence, input nodal forces which are designated 

as LOAD CASE 1 will be superimposed onto the loads resulting from shell 

weight and pressure loads. 

Element unit weight is considered uniform over each triangle and each 

quadrilateral in the idealization, but may have a different value for each 

element. Element weight per surface area is computed by multiplying the 

element unit weight by the element thickness at each corner of the triangular 

element and each subelement of the quadrilateral. Therefore, a linear varia

tion in element weight is accounted for in the program. Positive element 

weight is assumed to act in the positive global z-direction. 

The pressure load is assumed to act normal to each triangular element. 

For the quadrilateral, the pressure load is assumed to act normal to each 

of the four subelements. Input positive pressure is assumed to act in the 

z-direction for the triangle while input positive pressure for the quadri

lateral is assumed to produce loads in each subelement which act in the 

positive ~3 direction for a planar quadrilateral. For a nonplanar quadri

lateral positive pressure on each subelement produces loads which have 

positive components in the direction of ~3; however, in this case, com

ponents will result in the ~l - 112 plane, since the normal component for 

each subelement is not exactly parallel to ]3. 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 18 and 

19 for triangular and quadrilateral coordinate definition. 

Temperature effects are accounted for by computing "equivalent" element 

nodal point forces from the specified temperatures. For the triangle the 

temperature is assumed linear over its mid-surface and the "equivalent" forces 
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are computed using the displacement patterns of the constant strain triangle. 

Equivalent forces for each of the four triangles comprising the quadrilateral 

are computed in the same way. As previously stated, the temperature is 

assumed to be constant over the thickness of the element. Temperature is 

specified by node point and thus the corners of elements sharing a common node 

have the same temperature. The reference temperature is assumed to be zero. 

1.6 Orthotropic Material Properties. The principal elastic axes for 

the orthotropic properties are :::a = = x, y, z, as shown in Figs 18 and 19. The 

principal elastic axes may have arbitrary orientation with respect to the 

quadrilateral and triangular coordinates as shown in Figs 18 and 19. The 

angle, ANG, between the principal elastic axes and element coordinates is 

measured from the principal elastic axis, X to III and x for the quadri-

lateral and triangle, respectively. Positive angles are indicated in Figs 

18 and 19. 

The stress-strain relation referred to the principal elastic axes is 

Ox El!X E2\\2!X ex 

Oy El \) 2l!X E2!X ey 

- -- -
'IX Y G12 

yxy 

where 
- -E

l
, E2 are principal elastic moduli in the x andy directions, 

respectively; 

Poisson's ratios (E 2\)12 

G
12 

is the shear modulus. 
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To simplify the input, the following material constants will be defined 

E = /E1E2 mean modulus; 

P = E/E2 modulus ratio; 

\I = /\1 12\121 mean Poisson's ratio; 

\l
G12 [ E/ (2G U ) ] - 1 fictitious Poisson's ratio associated 

with G
12

. 

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

becomes 

CYX rp \I ex 
= E l/rp = cry = --2 \I 2 ey 

1-\1 1-\1 --
TXY 

2( l+\lGU) 
yxy 

The moment curvature relation is obtained by mUltiplying this matrix by 

t
3

/12 ,where t is the plate thickness, and by associating a factor of 

two with the twisting curvature. 

If the material is isotropic, E1 = E2 = E \1
12 

= \1 21 = \I = \l
G12 

and p = 1.0. For the isotropic case, ANG (Figs 18 and 19) is arbitrary 

and should be input as zero or simply left blank. 
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Preparation of Input Data 

Abbreviations: A alphanumeric field. 

I integer value (must be packed to 

the right of the field). 

F floating point number (must be 

punched with a decimal). 

2.1 Title Card (A) - Alphanumeric information for problem identification. 

2.2 Control Card 

Co1s. 1- 4 (I) NUMEL 

5- 8 (I) NUPTS 

9-12 (I) NUBPTS 

13-16 (1) IBANDP 

17-20 (1) NDFRE 

21-24 (1) IFLAG 

25 - 28 (1) NUMAT 

29-32 (I) ISHEAR 

33-36 (1) NRED 

37-40 (I) IREACT 

= 

= 

Number of elements (2000 max) 

Number of nodal points (800 max) 

Number of points with displacement 

boundary conditions (100 max) 

Nodal point half band width: Max. 

element nodal difference +1 (20 max) 

Nodal point degrees of freedom = 5 

Base coordinates for translations; 

If 0, translations are in global 

coordinates. 

If 1, translations are in surface 

coordinates. 

Number of different material types 

(30 max) 

This field must be left blank. 

Number of cycles for correcting 

displacement solution; 

If 0, no correction is made. 

Specifies if the nodal forces and 

reactions are to be printed; 

If = 0, reactions are suppressed 

If > 0, reactions are printed 

NOTE: IREACT MUST BE INPUT AS ZERO IF MORE 

THAN ONE LOAD CASE IS SPECIFIED. 

(see Sec. 2.13) 



41-44 (I) LPROB 

45-48 (I) IGEN 

49-52 (I) ISIG 

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 1GEN = 4, minimum amount of 

output is obtained. 

Specifies whether element stress 

and moment resultants or element 

stresses and principal stresses are 

to be printed. Refer to Appendix 1 

for definitions of the quantities. 

If ° stress and moment resultants 

are printed. 
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If 1 stresses and principal stresses 

are printed. 

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

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

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

last. 

Cols. 1- 4 (I) Nodal point number. 

18-24 (F) Global x-coordinate. 

25-31 (F) Global y-coordinate. 

32-38 (F) Global z-coordinate. 

For generation options see Nodal Coordinate Generation (Secs. 3.1-3.6). 

2.4 Surface Coordinate Direction Cosine Cards. The surface coordinate 

direction cosines as described in Sec, 1.2 are specified by this set of cards. 

From the input cosines described below, g3 is automatically constructed by 

a cross-product of ~ and g and S2 is then determined by the cross-'::>1 2 ' .. 
product of S3 and gl to insure a right-handed orthogonal system. 
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When none of the generation options of Secs. 3.1-3.6 are used, one card 

per nodal point is required. When the options of Secs. 3.1-3.6 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, 3.1-3.6, 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- 4 (I) Nodal point number I 

5- 8 (I) LIM 

9-12 (I) MOD 

18-24 (F) Component in global x-dir. of unit vector ~l * 

25-31 (F) Component in global y-dir. of unit vector Sl 
32-38 (F) Component in global z-dir. of unit vector Sl 
39-45 (F) Component in global x-dir. of unit vector S2 ** 

46-52 (F) Component in global y-dir. of unit vector ~2 
53-59 (F) Component in global z-dir. of unit vector S2 

-kIf Cols. 18-38 are left blank, input cosines for Sl are suppressed. 

**If Cols. 39-59 are left blank, input cosines for S2 are suppressed. 

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. 

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. 

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

when mesh-generation options are used. These cards need not be input in numeri

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

Cols. 1- 4 (I) Element Number N 

5- 8 (I) Element nodal point I 

9-12 (I) Element nodal point J 

-1'*13-16 (I) Element nodal point K 

*17-20 (I) Element nodal point L 

21-24 (I) NINCV ;::: number of elements in direction of nodal 

numbering, see Fig 16. 



25-28 (I) NINCR = number of layers with similar element 

nodal numbering, see Fig 16. 

*A triangular element is assumed if Co1s. 17-20 are left blank. 

**A truss element is assumed if Co1s. 13-20 are left blank. 

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

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

Fig 16. Care should be taken to order the node numbers I, J, K, and L for 

the N'th element as shown in Fig 16. 

See Secs. 4.1-4.2 for additional generation options. 

2.6 Element Material Table. One card per element type must be input. 

Material properties are assumed constant over each individual element. See 

Sec. 1.6 for definition of terms used below. 

Co1s. 1- 4 (I) 

11- 20 (F) 

21-30 (F) 

31-40 (F) 

41-50 (F) 

51-60 (F) 

61-70 (F) 

Element material type 

Mean modulus = ~ 

Modulus ratio = E1/E2 

Mean Poisson's ratio V'''12'''2\-

Fictitious Poisson's ratio = LJE
1
E

2
/(2G

12
)] -1 

Field must be left blank 

Field must be left blank 

71-80 (F) Thermal coefficient of expansion 
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2.7 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. 

Co1s. 1- 4 

5- 8 

9-12 

13-16 

17-20 

(I) 

(I) 

(I) 

(I) 

(I) 

Element number N 

Element material type (see Sec. 2.6) 

LIM 

MOD 

Specifies type of membrane stiffness for the 

quadrilateral. 

If 0 , four CLST's are used (see Sec. 1.3b). 

If 1 , a QM5 is used (see Sec. 1.3c) 

21-30 (F) Thickness at node I (or cross-sectional area 

for a truss member). 

31-40 (F) Thickness at node J 
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41-50 (F) Thickness at node K 

51-60 (F) Thickness at node L 

61-70 (F) ANG = Angle in degrees between principal elastic 

axis and element coordinates; see Figs 18 

and 19. 

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

ANG of elements 

N + MOD , N + 2*MOD, . • • . , LIM 

will be set equal to those specified for element N. 

2.8 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. 1- 4 (I) Element number N 

5- 8 (I) LIM 

9-12 (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. 1.5 for 

51-60 (F) Pressure at node K sign conventions 

61-70 (F) Pressure at node L 

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

of elements 

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

will be set equal to those specified for element N. 

2.9 Nodal Temperature Cards. 

Cols. 1- 4 (I) Nodal point number I 

5- 8 (I) LIM 

9-12 (I) MOD 

16-25 (F) Temperature at Node I 



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. 
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2.10 Boundary Condition Cards. One card per nodal point having a 

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

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

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

Cols. 1- 4 (I) Nodal point number I 

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

8 (I) 

9 (I) 

10 (I) 

11 (I) 

13-16 (I) 

17-20 (I) 

21-30 (F) 

31-40 (F) 

41-50 (F) 

51-60 (F) 

61-70 (F) 

1 for specified value for D2; 0 otherwise 

1 for specified value for D3; 0 otherwise 

1 for specified value for D4; 0 otherwise 

1 for specified value for D5; 0 otherwise 

LIM 

MOD 

Specified value for D1* 

Specified value for D2 

Specified value for D3 

Specified value for D4 

Specified value for D5 

*Specified vahle may be nonzero. 

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

I + MOD , I + 2*MOD, .... , LIM 

will be set equal to those specified for element I. 

2.11 Control Card for Elastic Supports. 

Cols. 1- 4 (I) Number of points with elastic supports (Max. 50) 

2.12 Spring Constant Cards. If the number of points with elastic 

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

need not be input in numerical sequence. 



Cols. 1- 4 (I) 

5- 8 (I) 

Nodal point number I 

LIM 

9-12 (I) MOD 

21-30 (F) Spring constant for Dl displacement 

31-40 (F) Spring constant for D2 displacement 

41-50 (F) Spring constant for D3 displacement 

51-60 (F) Spring constant for D4 rotation 

61-70 (F) Spring constant for D5 rotation 

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 2.11 have been input. 

2.13 Control Card for Nodal Point Loads A maximum of three independent 

load cases for a single problem may be specified on this card. A blank card 

must follow this card. 

Cols. 1- 4 (I) Number of independent load cases (must be at least 1) 

5- 8 (I) Number of loaded nodes for load case 1 

9-12 (I) Number of loaded nodes for load case 2 

13-16 (I) Number of loaded nodes for load case 3 

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

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

2.14 Nodal Point Load Cards. Input nodal forces correspond in an 

energy sense to the nodal point displacement components, i.e., P.D. , 
1 1 

i = 1,5. The number of input cards for each load case must equal the 

number specified in Sec. 2.13 above, except when mesh generation options 

are used. The input format for each load case is as follows: 

Cols. 1- 4 (I) Nodal point number I 

5- 8 (I) LIM 

9-12 (I) 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 

51-60 (F) Value of p4 which corresponds to D4 

61-70 (F) Value of P5 which corresponds to D5 



These cards need not be input in numerical sequence, but all cards 

for each load case must be grouped together, in the sequence: Load case 

1, 2, 3. 

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. 
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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 Sees. 3.1-3.6 and 

Sees. 4.1-4.2 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 S1 ,thereby 

eliminating the need of inputting these direction cosines; in other cases, 

the generated direction cosines will have to be replaced by manually com

puted values. 
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3.1 Straight Line {Fig 20l. 

Cols. 1- 4 (I) Node I of straight line 

5- 8 (I) Node J of straight line 

9-12 (I) Increment between successive nodes := K 

16 (I) = 1 

18-24 (F) Global x-coordinate of point I 

25-31 (F) Global y-coordinate of point I 

32-38 (F) Global z-coordinate of point I 

39-45 (F) Global x-coordinate of point J 

46-52 (F) Global y-coordinate of point J 

53-59 (F) Global z-coordinate of point J 

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

mediate global nodal coordinates are computed. 

The two sets of direction cosines are computed by 

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

b. Assuming ~2 lies in the x-y plane and is normal to the line 

obtained by projecting line I-J onto the x-y plane, i.e., ~2:= y 

(Fig 20), and by ensuring a right-handed system for x, y, z. 

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

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

right-handed system without changing the direction of ~3' In the case 

where is parallel to z (either direction), then ~2 is assumed to 

be in the same direction as the global y-coordinate. 
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~ i = PROJECTION 
OF i INTO 

J x-y PLANE 

I 
Z (9------....._ X 

I 

EQUAL INCREMENTS ALONG STRAIGHT LINE 

Fig 20. Straight line. 

z\ m = . MID-POINT OF CIRCULAR ARC 

J-I ~i 
m 

J 

I 
EQUAL INCREMENTS ALONG CURVE 

Fig 21. Circular arc. 
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3.2 Circular Arc (Fig 21). 

Co1s. 1- 4 (I) Node I of circular arc 

5- 8 (I) Node J of circular arc 

9-12 (I) Increment between successive nodes - K 

16 (I) = 2 

18-24 (F) Global x-coordinate of point I 

25-31 (F) 

32-38 (F) 

39-45 (F) 

46-52 (F) 

53-59 (F) 

60-66 (F) 

67-73 (F) 

74-80 (F) 

Global y-coordinate of point I 

Global z-coordinate of point I 

Global x-coordinate of point m 

Global y-coordinate of point m 

Global z-coordinate of point m 

Global x-coordinate of point J 

Global y-coordinate of point J 

Global z-coordinate of point J 

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. x 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 21). 

Surface coordinate direction cosines are computed by assuming 

d. Sl lies in the plane i-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 

Fig 21, y, and hence S2 ,would be positive outward. 

The circular arc may have an arbitrary orientation with respect to 

the global coordinates. 
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3.3 Parabola (Fig 22). 

Cols. 1- 4 (I) Node I of parabola 

5- 8 (I) Node J of parabola 

9-12 (I) Increment between successive nodes - K 

16 (I) = 3 

18-24 (F) Global x-coordinate of origin point 0 

25-31 (F) Global y-coordinate of origin point 0 

32-38 (F) Global z-coordinate of origin point 0 

39-45 (F) Local x-coordinate of point I 

46-52 (F) Local x-coordinate of point J 

53-59 (F) Largest absolute value of z. and z. 
~ J 

60-66 (F) Counterclockwise angle w (in degrees) from x to 

The horizontal distance between I and J is subdivided into (J-I)/K 

equal intervals and the intermediate global nodal coordinates are com

puted. 

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+ 90D 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 

x 
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TO z. 
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EQUAL INCREMENTS ALONG X 

Fig 22. parabola 
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a 
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O Y 
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EQUAL INCREMENTS ALONG CURVE 

Fig 23. Ellipse. 
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3.4 Ellipse (Fig 23). 

Cols. 1- 4 (I) Node I of ellipse 

5- 8 (I) Node J of ellipse 

9-12 (I) Increment between successive nodes - K 

16 (I) = 4 

18-24 (F) Global x-coordinate of origin point 0 

25-31 (F) Global y-coordinate of origin point 0 

32-38 (F) Global z-coordinate of origin point 0 

39-45 (F) Local x-coordinate of point I 

46-52 (F) Local i-coordinate of point J 

53-59 (F) Distance, a , from 0 to ellipse along z 
60-66 (F) Distance, b , from 0 to ellipse along x 
67-73 (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 i, 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 + 90° from the global 

x-axis. 

Surface coordinate direction cosines are computed by assuming 

d. ~l 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. ~2 is parallel to and in the same direction as y. 
Restriction: z must be parallel to the global z axis and angle IOJ~180o 
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3.5 Incremental Generation -- TYPE 1. 

Co1s. 1- 4 (I) Node I of generator 

5- 8 (I) Node J of generator 

9-12 (I) -MOD, where MOD = Nodal difference of adjacent generators 

13-16 (I) -LIM, where LIM = Number of new lines to be generated 

18-24 (F) XINC Increment in x-dir. from old to new generator 

25-31 (F) YINC Increment in y-dir. from old to new generator 

32-38 (F) ZINC = Increment in z-dir. from old to new generator 

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

~ ~_MOD+XINC*L (Sl)K = (Sl)K-MOD 
YK = YK_MOD+YINC*L AND ( S2)K = (S2)K-MOD 

Zx = ZK_MOD+ZINC*L (S3)K = (S3)K-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 

assumed as shown in Fig 24. Assuming that Line 1 (Fig 24) had been 

generated, then the following would generate the remaining Lines 2-6: 

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

XINC = X5-X1 ' YINC = Y5-Y1 ' ZINC = Z5-Z1 

3.6 Incremental Generation -- TYPE 2. 

Co1s. 1- 4 (I) Node I of generator 

5- 8 (I) Node J of generator 

9-12 (I) MOD (same as for TYPE 1) 

13-16 (I) -LIM, where LIM = Number of new lines to be generated 

18-24 (F) XINC 

} 25-31 (F) YINC same as for TYPE 1 

32-38 (F) ZINC 

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

XK= ~_l+XINC*L (Sl ~ = (Sl)K-1 
Y K = YK_1+YINC*L and (S2~ = (S2)K-1 

Z K = ZK_1+ZINC*L (S3~ (S3)K-1 
where L = 1, 1, LIM and K = (I+L-1), MOD, (J+L-1) 



54 

Line I Line 2 Line 3 Line 4 Line 5 Line 6 

t 1 r r , 
4 '8 12 16 20 24 

3 7 II 15 19 23 

2 6 10 14 18 22 

z ..J 5 9 13 17 21 
~ X 

Fig 24. Sample for nodal point generation. 

y 

t .- Line 4 
4 8 12 16 20 24 

.. 
3 7 II 15 19 23 

,Line 3 

2 6 10 14 18 22 .- Line 2 

(~ 5 9 13 17 21 X 
~ Z Une 1 

Fig 25. Sample for nodal point generation. 



As for TYPE 1 a regular mesh is assumed as shown in Fig 25; however, 

TYPE 2 generates lines opposite to the direction of nodal numbering. 

Assuming that Line 1 (Fig 25) had been generated, then the following would 

generate the remaining lines 2-4: 

I = 2, J = 22, MOD = 4, LIM = 3 
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Element Nodal Point Number Generation 

4.1 TYPE 1. If M element cards are omitted with NINCV = NINCR = 0 

in Sec. 2.5, these missing elements will be generated by increasing the 

nodal numbers I, J, K, L of each of the preceding elements by 1. 

4.2 TYPE 2. If on the card for element N (Sec. 2.5) we specify 

Co1s. 21-24 (I) -MOD 

25- 28 (I) NLAY 

29-32 (I) LASTEL 

then elements N +NLAY , N + 2*NLAY, ••.• ,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. THE DEMONSTRATION ANALYSES 

The Gull-Winged Girder 

Summary. The post-tensioned railway bridge which was considered has a 

cross section as shown in Fig 26a with a constant thickness of 3.0 feet. In 

plan, the bridge center-line follows a horizontal circular curve with a 

radius of 616.4 feet. The bridge is continuous over two spans with two over

hanging ends as shown in Fig 26b. The center line span length between 

supports of the left span was 93.565 feet while that of the right span was 

78.879 feet. The bridge was assumed to be isotropic with a Young's modulus 

of 0.6192 X 106 ksf and a Poisson's ratio of 0.15. 

An analysis was made using program SHELL with the finite element ideali

zation shown in Fig 27. In this idealization eight divisions were used 

transversely and 29 divisions longitudinally. The longitudinal divisions 

are in the form of two equal divisions for the left end overhang, 14 equal 

divisions for the left span, 12 equal divisions for the right span, and one 

division for the right end overhang. The transverse dividing lines are 

parallel to the support lines in the slab part of the bridge while in the 

wings these lines lie in radial planes. Thus skewed quadrilateral elements 

are used in the slab part while rectangular elements were used in the two 

wings. 

In addition, analyses were made using program SHELL6 (15) and PLS6DOF 

utilizing the same mesh as described above. These solutions were in agree

ment within expected small differences. The differences were primarily due 

to the difference in the membrane element stiffness evaluations in the 

programs as well as the nodal point degrees of freedom considered (five-OOF for 

SHELL and six-DOF for SHELL6 and PLS600F). 

Another analysis was made, using program SHELL6, in which the elastic 

properties of the supports were taken into consideration. This analysis was 

carried out for the case of dead load plus prestressing forces and it gave 

considerable change in the deflections compared to those with rigid supports 

while the stresses were not significantly changed. This happened because the 
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a. Cross section. 
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b. Complete plan view. 

Fig 26. Gull wing bridge. 
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Fig 27. 
Finite element mesh. 
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change in the deflections is in the form of approximately uniform downward 

settlement of the supports. 

The effects of skewed supports and curvature were evaluated by analyzing 

a straight bridge (with orthogonal supports) having the same cross-sectional 

dimensions and span lengths as the bridge in question. The straight bridge 

was analyzed by using SHELL and SHELL6 as well as a straight beam-column 

analysis using program BMCOL 51 (21). Comparisons of deflections from the 

three analyses of the straight bridge were very favorable. 

Coordinate Systems and Finite Elements. The global coordinates x, y 

and z which were used in the analysis are shown in Fig 27a. Nodal point 

coordinates and the computed nodal point displacements are expressed in 

global coordinates. In the analysis using program SHELL, the surface coordi-

nates and S3 were selected to be in the x, y and z 

directions respectively. The constraints of the five-DOF of SHELL for this 

structure were shown to be small. The QM5 was used for the membrane stiff

ness of the quadrilaterals comprising the wings while four CLST's were 

employed for the skewed quadrilaterals of the slab. All fifteen points 

along the skewed supports were supported in the vertical direction. In order 

to make the structure stationary in the horizontal plane, which is a require

ment of the analysis procedure, the horizontal displacements (in the x- and 

y-directions) at the five points along the central support were set to zero. 

All other points were allowed to displace in the x-y plane. 

The Applied Loads. The bridge was subjected to three types of loads: 

(a) distributed loads, (b) concentrated loads and (c) prestressing forces. 

(a) The distributed loads consist of the weight of the concrete 

and the weight of the track and ballast. The weight of the 

concrete (150 lbs/ft3) was input as element unit weight. 

This value was input with a negative sign, since it is 

acting in the opposite direction of the global z-axis 

(see Sec. 1.5). The weight of the track and ballast was 

assumed to be uniformly distributed on the horizontal 

portion of the finite element idealization. The total 

weight of the ballast and track is listed below: 

Ballast weight 

Track weight 

Total weight 

2.262 k/ft 

0.200 k/ft 

2.462 k/ft 



thus producing an equivalent distributed load of 

2.462/16.82 = 0.1464 k/ft2. This weight was input as 

a pressure load with a negative sign since it is in the 

opposite direction of ~3 (see Sec. 1.5). 

(b) The concentrated loads consist of the train loads or live 

loads. Three positions of the train were considered. 
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These positions were determined by using a BMCOL 51 analysis 

(21) to give the following maximum effects. 

i - The maximum positive bending moment in the 

long span. This position is as shown in 

Fig 28a and is denoted live load case #1. 

ii - The maximum positive bending moment in the 

short span. This is live load case #2 and 

it is as shown in Fig 28b. 

iii - The maximum negative bending moment. This 

is live load case #3 and it is as shown in 

Fig 28c. 

For each of the load cases, the wheel loads were replaced 

by proportional loads (based on tributary areas) acting at 

the nodal points. These were calculated by hand and input 

as described in Sec. 2.13 and 2.14. 

(c) The prestressing forces were also converted to equivalent 

nodal forces by hand calculations. The profile of the 

cable used in this structure was controlled by the varia

tion of the external moment as computed from the effect of 

dead load and live loads. The analysis of the prestressing 

force was accomplished by replacing the forces along the 

cable by equivalent uniform loads. Forces after losses 

were used in the analysis. An equivalent uniform load is 

applied to the structure in those regions where the cable 

has non-zero curvature. The total force for a typical 

region is given by 

w 9 • 
2F Sin 2 F9 

W 
L 

and w = 
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To produce: c. Maximum negative moment at the interior support. 

Fig 28. Positions of live load. 
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Fig 29. Prestressing cable layout along wings. 
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where W total force, 

w equivalent uniform distributed load, 

F average prestressing force after losses, 

L = length being considered, and 

9 change of slope of cable in length L 

Since friction loss and other losses are taken into account the pre

stressing force will not be constant but will vary along the length of the 

tendon. Thus to simplify the analysis an average force, F , after losses 

was used in the above equation. The prestressing forces were applied as 

concentrated forces at the adjacent nodal points by proportion. A portion of 

the side-view and a cross section of the idealized structure are shown in Fig 

30. Equivalent vertical forces, Pl ' at each wing are computed first. For 

example, the force acting at point a (Fig 30b) is 

P
l 

w xL. 
~J 

where P
l 

vertical force 

1.. half of the length between nodes i and 
~J 

j , for this case, 102 and 120 respectively 

Since the wings are inclined, the force due to prestressing must there

fore lie in the direction of the force P as shown in Fig 30b. The slope 

of both wings is 1:3; therefore a horizontal force P2' equal to one-third 

of the vertical force, Pl ' also exists at point a 

then proportioned to nodal points 110 and 111. 

These two forces are 

This structure is curved in plan; therefore, the prestressing force 

produces uniform radial force. This force can be computed as 

H 
p == R 

where H average of horizontal forces at each end, 

R radius of curvature, 

p uniform radial force. 

After the component p was computed, the above procedure was applied to 

obtain the input nodal forces. The forces thus obtained are in the radial 

direction which necessitates a transformation into the global x- and y

directions for the computer input. In addition to the prestressing forces 



65 

C G S Line r-" . 

100 1>9 118 127 

J~-"i28 '-;;;~ 110 119 
~> a --------101 

---102 
III 120 129 

a. Partial left wing elevation. 

f 
112 113 114 

I 

b. Cross section .. 

Fig 30. Finite element idealization. 
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described above, nodal forces were used at the ends of the bridge to simulate 

the end effects of the tendons. 

The Load Cases. Five load cases were considered for analysis as follows: 

1. Dead load. This load case cannot exist by itself, but 

was used in the early studies for the purpose of com

parison of results of the different computer solutions. 

2. Dead load plus prestressing forces. 

3. Dead load plus prestressing forces plus live load case #1 

(with the train mainly on the long span). 

4. Dead load plus prestressing forces plus live load case #2 

(with the train mainly on the short span). 

5. Dead load plus prestressing forces plus live load case #3 

(with the train loads covering the two spans). 

Summary of the Results. The results of the analyses for the five load 

cases listed above are summarized as follows: 

Load Case 1. The finite element solutions by program SHELL6 and program 

SHELL were very close. Program SHELL yielded a slightly stiffer behavior 

(with a maximum difference of about 2.6% in the deflections). The deflections 

along the center line of the bridge as computed by the finite element solu

tions are very close to the beam-column solution (for the straight bridge) 

in the short span while considerable difference (about 21%) occurs in the 

long span. Also considerable twisting deformations are indicated in the two 

spans by the finite element solutions. It was felt that these differences 

are due to the stiffening effect of the skewed supports and the effect of 

the curvature. This was confirmed by the results of the finite element 

solutions of the straight bridge which were very close to the beam-column 

analysis. 

Load Case 2. (D.L. + pIS). The two finite element solutions for this 

case were quite close and yielded a maximum upward deflection of 0.28 inch 

in the long span (at left wing and slab juncture) and 0.17 inch upward in the 

short span (at right wing and slab juncture). Considerable torsional defor

mations, similar to those under dead load, are apparent in both spans. 

The maximum compressive stress under this loading condition is located 

in the longitudinal direction at location (A) as shown in Fig 3la and equals 
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1430 psi. In the longitudinal direction a maximum of 167 psi tensile stress 

(location (B), Fig 3la) was computed at the top of the right wing in the 

short span. In the transverse direction tensile stresses of considerable 

magnitude were computed at and near the supports. The maximum tensile stress 

occurs at the middle support and equals 306 psi (principal stress) (location 

(C), Fig 3la). 

Load Case 3. (D.L. + pIs + L.L. #1). The two finite element solutions 

gave small downward deflections in the long span (where the L.L. exists) and 

upward deflections in the short span with a maximum value of 0.22 inch along 

the right wing. Here some twisting deformations were evident. 

The maximum compressive stress for this case was 1010 psi and occurred 

at location (A), Fig 3lb. Considerable tensile stresses result at the same 

locations as for load case 2. At the top of the right wing in the short 

span, the longitudinal tensile stress reached a maximum value of 390 psi and 

at the middle support the maximum tensile stress was 349 psi (principal 

stress). The variations along the bridge of the longitudinal stresses at 

the top of the wings and at the centerline of the bridge for this case are 

as shown in Fig 32. 

Load Case 4. (D.L. + pIs + L.L. #2). This load case produced the 

largest deflection (upward) in the long span. The maximum value of deflection 

was 0.31 inch at the left wing and slab juncture. Again considerable twisting 

deformations were observed. In the short span (the loaded span), the maximum 

downward deflection is 0.10 inch. 

Still no severe compressive stresses were evident for this case (the 

maximum value is 1320 psi in the longitudinal direction location (A) in 

Fig 3lc). In the longitudinal direction a maximum tensile stress of 222 psi 

occurred at location (B) in Fig 3lc at the top of the wing. Considerable 

tensile stresses were observed also in the transverse direction at the middle 

support (location (C), Fig 3lc) the maximum value of the tensile stress was 

348 psi (principal stress) and at location (D), Fig 3lc it was 262 psi 

(principal stress). 

Load Case 5. (D.L. + pIs + L.L. #3). This load case produces the least 

deflections over the entire bridge. Small deflections (upward) occur in the 

short span, with a maximum of 0.087 inch. The deflection in the long span 

was 0.038 inch upward. 
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The maximum compressive stress in this case was 1070 psi in the 

longitudinal direction at location (A), Fig 3ld. No tensile stresses are 

shown in the longitudinal direction. In the transverse direction, con

siderable tensile stresses are calculated at the supports and around mid

span sections. At the middle support a maximum value of tensile stress of 

342 psi (principal stress was observed (location (B), Fig 3ld); at the 

middle of the long span a maximum value of 246 psi (principal stress) 

(location (C), Fig 3ld); and at the middle of the short span (location (D), 

Fig 3ld) a maximum value of about 212 psi (principal stress) was computed. 

The values of stresses for all the cases discussed above are those 

obtained by program SHELL. Program SHELL6 gave slightly different values 

for stresses which were usually somewhat higher than those given by program 

SHELL. 

The Three Girder Bridge 

The Structural Idealization. This bridge has three widely spaced girders 

braced with truss-type diaphragms. It is continuous over three skewed 

supports. The plan view and cross section are shown in Figs 33a and 33b. 

Also, the idealized cross section which was used in the finite element 

analysis is shown in Fig 33c. As stated earlier this idealization is about 

two percent stiffer than the actual cross section of Fig 33b, since the 

length from the mid-depth of the concrete slab to the mid-depth of the bottom 

flange of the girder was considered as the depth of the idealized structure. 

In the analysis, the slab and the webs of the girders were idealized with 

two-dimensional elements while the flanges, the vertical stiffeners, the lateral 

bracing system and the diaphragms were idealized by one-dimensional (truss) 

elements. The mesh layout for the slab and the upper girder is partially 

shown in Fig 34a and Fig 34b respectively. The QM5 was used for the membrane 

stiffness of all the quadrilaterals. It should be noted that only one element 

was used over the depth of the girders. A plan view of the wind bracing is 

partially shown in Fig 35a while the idealization of a typical diaphragm is 

depicted in Fig 35b. A total of 584 nodal points and 1629 elements were 

included in the mesh layout. This idealization was analyzed by program 

SHELL. 
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The Dead Load. The dead load included the steel weight and the weight 

of the concrete. In the actual construction of the slab six placing sequences 

were employed as shown in Fig 36a. To simplify the finite element analysis, 

the actual placing sequence was approximated by two placing sequences as 

shown in Fig 36b. The first placing sequence included most of the exterior 

panels (Fig 36b) while the second sequence included all remaining concrete 

panels. While a sequence of concrete is being placed it is assumed to have 

no stiffness, however, previous placements were assumed to be set and their 

contribution to the structural stiffness was considered. In the analysis the 

concrete was considered to have equal stiffness in both tension and compression. 

The Live Load. Lane loads consisting of a uniform load per linear foot 

of traffic lane combined with either one or two concentrated loads were con

sidered. As shown in Fig 37a. The uniform and concentrated loads were 

further considered to be distributed over a ten foot transverse width. Three 

lanes were loaded and positioned transversely as shown in Fig 37b. The loads 

were positioned for maximum positive moment as shown in Fig 37c and for 

maximum negative moment as shown in Fig 37d. By considering reduction of 

load intensity due to three lanes being loaded and impact factors according 

to AASHO specifications the load intensities shown in Figs 37c and 37d were 

obtained. 

The Assumed Temperature Gradient. The estimated set of temperatures 

which were considered are shown in Fig 4a and 4b. They were assumed to be 

constant over the length of the bridge and were assumed to vary linearly 

over the depth of the section. Although the assumed differential temperatures 

of 30°F (Fig 4a) and 40°F (Fig 4b) correspond with results reported in Ref 22, 

the distribution of temperature over the bridge section is nonlinear. Most 

of the temperature change takes place in the top portion of the slab. The 

nonlinear characteristics of temperature over the depth is currently being 

addressed in the previously mentioned Research Project 23. 

Summary of the Static Analyses. A total of six load cases were analyzed 

using program SHELL which are described below and summarized in Table 1. 

Load Case 1. The loads applied included the weight of the concrete 

from the first placing sequence (Fig 36b) and the steel weight. Deflections 

and stresses for Load Case 1 are plotted in Figs 38 and 39. The maximum 

downward deflection was 0.97 ft in span A-B (see Table 1). The maximum 
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Fig 38. Vertical deflections along the bottom of girders under load case 1. 
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tensile and compressive stresses in the bottom wing of the girder were 18.5 

and -10.2 ksi respectively. It is of interest to note that all three girders 

behave in the same manner and deflect almost the same amount. As a point of 

interest, another analysis was made without the diaphragms and wind bracing. 

The results are partially shown in Fig 38. The deflected shape of the 

middle girder is increased while the deflected shape of the exterior girders 

is decre~sed. This is due to the fact that without the diaphragms a larger 

portion of slab weight is transferred to the middle girder than to either of 

the exterior girders. 

Load Case 2. This load case includes the loads of Load Case 1 plus 

the weight of the concrete of the second placing sequence (Fig 36b). Thus 

all dead loads are included in this load case. Deflections and stresses for 

Load Case 2 are plotted in Figs 40 and 41. As shown in Table 1, the maximum 

dead load deflection is 1.04 ft while the maximum tensile and compression 

stresses in the bottom wing of the girder are 15.1 and -20.4 ksi respectively. 

Load Case 3. This analysis was made for live loads positioned for 

maximum positive moment in the central span as shown in Fig 37c. Key results 

for live load only are given in Table 1. Stresses and deflection are con

siderably less than those produced by dead load. 

Load Case 4. For this load case the live loads were positioned for 

maximum negative moment at the first interior support as shown in Fig 37d. 

Refer to Table 1 for maximum deflections and stresses caused by this set of 

live loads. 

Load Cases 5 and 6. Load Case 5 is a result of the assumed tempera

tures of Fig 4a while Load Case 6 is a result of the temperatures of Fig 4b. 

A plot of the vertical deflection resulting from Load Case 5 is shown in Fig 

42 while a plot of longitudinal stresses in the bottom flanges of the girders 

is shown in Fig 43. From these plots three-dimensional behavior is evident. 

For example, the longitudinal stresses change from tension (upper girder) to 

compression (lower girder). The largest tensile stress in the bottom flange 

for this load case was 7.2 ksi which is approximately one-half of the corre

sponding stress due to dead load. For the uniform gradient in the transverse 

direction (Load Case 6) beam behavior predominated. Each of the bottom flanges 

were in tension over the entire bridge length with a maximum tensile stress 

of 8.5 ksi. Key results for Load Cases 5 and 6 are summarized in Table 1. 
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.J£ 
A 

TABLE 1 

::A: 
B 

Finite Element Analysis 

NO. 
LOAD MAX. VERTICAL DEFL.(FT.) I 
CASE Span A-B Span B-C 

1 Seq. No. 1 - 0.97 + 0.38 

2 DL - 0.53 - 1.04 

3 LL. No. 1 + 0.1 - 0.29 

4 LL. No. 2 - 0.04 - 0.22 

Uneven 
5 Temperature + 0.035 - 0.03 

Rise 

Even 
6 

Temperature + 0.055 - 0.055 Rise 

:zs::: 
C 

MAX. 
Span A-B 

+ 18.5 

+ 13.4 

- 4.2 

+ 1.9 

+ 7.2 

+ 8.0 

* These are stresses along the bottom of the girder. 

:::c... 
D 

LONG. STRESSES (KSI.)* 
Span B-C Point B 

0 - 10.2 

+ 15.1 - 20.4 

+ 4.3 - 3.0 

+ 3.8 - 4.2 

+ 7.2 + 5.1 

+ 8.2 + 5.1 
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Fig 40. Vertical deflections along the bottom of girders under dead load. 
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A Two-Dimensional Analysis of the Actual Placing Sequence. As previously 

stated the above results were obtained by considering only two placements as 

shown in Fig 36b. In an effort to evaluate the influence of this approxi

mation, an independent analysis for dead load was made in which the central 

girder and a participating portion of the slab was idealized as a two-dimen

sional structure and analyzed by the procedure of Ref 14. The participating 

portion of the slab was adjusted so that the two-dimensional idealization 

had approximately one-third of the total moment of inertia of the actual 

cross section. Also one-third of the total load was used in the analysis. 

In this analysis, all six concrete placing sequences as shown in Fig 36a 

were considered step-by-step. In addition a comparative analysis was made 

for the sequence of Fig 36b. For comparison some results from the three 

analyses are listed in Table 2. Since the two-dimensional treatment is quite 

similar to considering the bridge as a three span beam, comparison of rows 

one and two (Table 2) is a relative indicator of the influence of the skewed 

supports. These results indicate that this influence is quite small since it 

is in the order of five to ten percent. As evidenced by the results of 

rows two and three, the simplified placing sequence of Fig 36b is reasonably 

accurate. The largest difference of the values of Table 2 takes place in the 

top portion at mid-span. 

Buckling Analysis. The interior girder of the previously discussed 

three girder highway bridge was analyzed for buckling using the linear buck

ling program of Ref 14. A two-dimensional idealization as previously 

described was used which consisted of the girder and a participating portion 

of the slab. The slab was assumed to have gained its full stiffness and the 

concrete placing sequence was neglected. Since the two-dimensional ideali

zation is symmetric about mid-span, it was possible to use only half of the 

bridge in the analysis as shown in Fig 44a. The two-dimensional idealization 

was first analyzed for total dead load. The top and bottom flanges were 

assumed to be fully braced laterally at the diaphragms with only the dia

phragm stiffeners included in this analysis. This analysis predicted local 

web buckling in the haunch region near the interior support. The results 

indicated that this local buckling would occur at 83 percent of the dead 

load. 



Source of 
analysis 

Program SHELL 
(two placing 
sequences are 
used) 

Central Girder 
analysis (two 
placing sequences 
are used) 

Central Girder 
analysis (six 
placing sequences 
are used) 

TABLE 2. Comparison of dead load analyses using 
two and three-dimensional idealizations. 

..li.. :::zs:::: 
A B 

Max. Vertical Defl.(ft) 

Span A-B Span B-C 

-0.53 -1.04 

-0.59 -1.07 

-0.52 -1.02 

K 
C 

Max. Long. Stresses 
(top) 

Span A-B Span B-C 

-20.6 -18.2 

-21.6 -18.1 

-22.2 -12.9 

h... 
D 

(ksi) 

Point B 

+19.2 

+21. 5 

+20.6 

Max. Long. Stresses (ksi) 
(bottom) 

SpanB-C Point B 

+15.1 -20.4 

+14.5 -21. 7 

+15.3 -20.2 
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Due to the localized nature of this buckling a more detailed analysis of 

the haunched portion of the girder was performed. Also, by isolating this 

region, an assessment of the roles of the intermediate and longitudinal 

stiffeners could be made. Two different meshes were used to study the 

haunch region as shown in Fig 44b and 44c. Displacements at the boundaries 

(sections A-A and B-B) for the static analyses were obtained from the results 

for the entire girder. Full lateral bracing was again assumed for the top 

and bottom wings at the diaphragms. The intermediate half-stiffeners were 

included in the first analysis using Mesh 1 (Fig 44b). Since the buckling 

program requires the stiffeners to be symmetric about the web, an equivalent 

width was used to produce symmetry and the same lateral inertia as the 

original half-stiffener. By including the intermediate stiffener, buckling 

occurred at 92 percent of the dead load. An analysis was then performed 

including both the intermediate and longitudinal half-stiffener. The width 

of the longitudinal sitffener was modified in the same manner as the inter

mediate stiffener. By including both stiffeners, it was predicted that 

buckling would occur at 1.74 times the dead load. This result clearly 

indicates the importance of the longitudinal stiffener. In both of the above 

results, local web buckling occurred near the support. 

Mesh 2 as shown in Fig 44c was also used to study the haunch region. 

For this study, triangular elements were incorporated into the buckling 

program. These triangles can have from zero to three mid-side nodes and are 

useful for mesh grading to more carefully study critical regions. The results 

using this mesh with all stiffeners included indicated that buckling would 

occur at 1.63 times the dead load. The buckled mode shape plotted along the 

mid-depth of the web is shown in Fig 45. Also shown in this figure is the 

buckled cross section. Both plots illustrate the localized nature of the 

buckling. 

The interior girder was also analyzed for dead load plus live load. A 

10 percent impact factor was used with 1.57 lanes of live load going to the 

interior girder. The buckling load was computed to be 1.53 times the com

bined dead load plus live load. Again, the girder buckled locally in the 

same region. 
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CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS 

Program SHELL has been shown to be an effective tool for predicting 

structural response of complex highway bridges subjected to static loadings 

and prestressing forces. The program can be used to determine the effects of 

severely skewed supports, curvature along the bridge center-line, and the 

influence of the shape of the cross section. Demonstration analyses were 

performed on a gull-wing girder bridge and a three-girder bridge to illustrate 

the capabilities of the program. It was concluded that the severely skewed 

supports had considerable influence on the state of stress and displacement for 

the gull-winged girder bridge. This structure was generally stiffer than a 

similar straight structure with orthogonal supports. In contrast the effect 

of the skewed supports on the behavior of the three-girder bridge was quite 

small. This is attributed to the fact that this is a slender structure for 

which beam action is predominate. The influence of the transverse diaphragms 

and wind bracing on the overall response was found to be small. 

In addition, program BASP was demonstrated to be useful in determining 

the buckling response of steel girders. This program can be used to determine 

the effect of stiffeners and lateral bracing on the buckling load. For the 

steel girder and the participating portion of the slab considered, local 

buckling of the web in the haunch region predominated. The longitudinal 

half-stiffener was the primary source for preventing web buckling under 

dead load. 

Program SHELL was also used to study the effects of two assumed tempera

ture distributions on the three-girder bridge. The temperature was assumed 

to be uniform through the thickness of the elements. Tensile stresses 

resulting from these assumed distributions were found to be approximately 

one-half of the corresponding stresses due to dead load. However, current 

research being performed under Research Project 3-5-74-23 has found that 

the distribution through the bridge slab thickness is non-uniform. Thus, the 

assumption used in this temperature study is not valid. It is recommended 

that the temperature option in program SHELL not be used for thick concrete 
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slabs or beams. The non-uniform temperature approximation has recently been 

incorporated into program PLS6DOF and is currently being evaluated. It is 

anticipated that this program will be adapted to the Texas Highway Department 

computer facilities at the end of Research Project 3-5-74-23. 
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Appendix 1. An Example Problem for Input and Output 

A simply supported square slab subjected to both uniform biaxial and 

vertical pressures as shown in Fig 46 was selected to illustrate the required 

input and the interpretation of output for program SHELL. 

was assumed to be isotropic with a modulus of elasticity of 

The concrete slab 
6 4 X 10 psi and 

a Poisson's ratio of 0.15. By taking advantage of symmetry of the structure 

only one-fourth of the plate was used in the finite element idealization. 

This idealization which is depicted in Fig 47 included 16 elements and 25 

nodal points. The 4 X 4 mesh was used since in this case it gives a 

sufficiently accurate solution. The vertical displacement at the center of 

the plate differed from the exact solution (23) by approximately 2.7% while 

the maximum resultant force (lb. in/in) differed by approximately 2.5%. 

Two sets of input data were used as shown in Table 3. The only difference 

in the inputs appears on the second card (i.e. the value for ISIG of Sec. 2.2). 

The first set of input data of Table 3 used the option of membrane stress and 

bending resultants having the units of force and moment per unit length of 

mid-surface respectively. The second set of input data of Table 3 used the 

option to compute fiber stresses having the units of force per unit area. 

These stresses thus include the effects of both membrane and bending actions. 

Details of interpreting the 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. 

For example with regard to the nodal coordinate cards (the third card in each 

set of input data of Table 3), Sec. 3.1 of the data input guide was used to 

generate nodal point coordinates along the x-axis (Fig 47). Then, on the 

fourth card, Sec. 3.6 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 

(Fig 47). Therefore the surface coordinate direction cosine cards, Sec. 2.4, 

were not necessary. Again on the sixth card, only one data card was required 

to generate all 16 elements' nodal point number by following the description 

of Sec. 2.5 for a regular mesh. 
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With regard to the boundary condition cards, Sec. 2.10, care must be 

exercised in specifying the correct boundary conditions since only one-fourth 

of the plate was used in the analysis. Referring to Fig 47 at nodal points 

1, 2, 3, 4 and 5, because of the symmetry, the displacement in the x-direction, 

Dl, and the rotation about ;2' D5, are zero. Also at nodal points 1, 6, 11, 

16 and 21 the displacement in the y-direction, D2, and the rotation about ;1' 

D4, are zero. For nodal points 5, 10, 15, 20, 21, 22, 23, 24 and 25 which 

were on the top of the support the vertical displacement, D3, is zero. In 

addition the rotation about S2' D5, is zero at points 5, 10, 15, 20 and 25 

while the rotations about Sl' D4, is zero at points 21, 22, 23, 24 and 25. 

Lines 12 to 19 in each set of input data of Table 3 contain all these speci

fied boundary conditions. 

The uniform pressure along the boundary was input as concentrated forces 

applied at the nodal points as described in Secs. 2.13 and 2.14. For example, 

at nodal points 10, 15 and 20 the concentrated force in the y-direction, P2' 

was -300 X 6 X 30 = -54000 lb and was input as shown on line number 24 in the 

tables. Also at points 5 and 25 a concentrated force of -27,000 lb in the 

y-direction were used. Concentrated forces in the x-direction at points 21, 

22, 23, 24 and 25 were computed and input in the same manner. 

The output obtained by executing the first set of input data of Table 3 

on the CDC 6600 at the University of Texas at Austin is contained in Tables 

4 through 10. With regard to the second set of input data of Table 3, only 

the portion of the output relating to stresses 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 11 and 12. Each section of 

input data is generally echo printed for check purposes followed by a complete 

listing in tabular form. For example, in Table 4 three lines were used to 

echo print the input required to define the coordinates of the twenty-five 

nodal points while the complete listing of the twenty-five nodal point 

coordinates are printed in the lower portion of Table 4. All echo and com

plete listings are contained in Tables 4 through 6. 

Nodal point displacements are listed in Table 7. At each node five 

displacements are given. They consist of three translations (Dl, D2 and D3) 

and two rotations (D4 and D5). The three translations (Dl, D2 and D3) are 
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in the global (x, y and z) directions since IFLAG=O was used on the control 

card of Sec. 2.2 in the data input guide. The two rotations (D4 and D5) are 

about the surface coordinates (~l and S2) respectively as shown in Fig 47. 

For example at node 1 the only nonzero displacement was the vertical trans

lation (D3) which has a magnitude of -0.177251 inch. 

Nodal forces including reactions are also listed in Table 7. Trans

lational forces (Rl, R2 and R3) are in the direction of Dl, D2 and D3 

respectively. The nodal point moments (R4 and RS) share the same sign con

vention as D4 and D5. For example at node 25, the vertical reaction, R3, is 

-3652.0 lbs. The minus sign indicates that this reaction is in the opposite 

direction of the global z-axis. 

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 mid-surface) 

b) stresses and principal stresses (force per unit area) 

A) Stress Resultants 

At a typical point the output stress resultants are as 

shown in Fig 48 and they are in the form of the two in-plane 

axial forces (Nl,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 ~3)' Positive directions are shown in Fig 48. 

B) Stresses and Principal Stresses 

At a typical point the output stresses are as shown in 

Fig 49 and are in the form of the two in-plane normal stresses 

(aI' a2)' and an in-plane shearing stress (~). These stresses 

are also referenced to the element coordinates (~l' ~2 and ~3) 

with positive directions shown in Fig 49. These stresses are 

printed at the top (upper surface in the ~3 direction) and 

bottom fiber of the element as shown in Tables 11 and 12. 

Principal stresses are computed only at the central interior 

node of the quadrilateral element and printed as shown in 
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Table 12. This orientation is given in terms of the angle 

between the minimum stress and ~l-direction, as shown in 

Fig 50. 

Stress resultants in the computer output (Tables 6, 7 and 8) using the 

first set of input data from Table 3 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. 2.2 in the data input guide). Two sets of stress 

resultants are given. The first set (Table 5 and 6 represent stress 

resultants printed element by element. Node 0 defines the location at the 

centroid of the element. The second set (Table 9) represents the average 

value of nodal stress resultants. It should be noted that they are referenced 

to surface coordinates (Sl and S2)' For example at nodal point 1, the mag

nitude of the average stress resultants and their directions are shown in 

Fig 51a. 

With regard to the second set of input data of Table 3 (ISIG =1), output 

stresses have the unit of forces per unit area. Two sets of stresses are 

given. The first set (Tables 11 and 12) represent stresses acting at the top 

and bottom surfaces printed element by element. Stresses at nodal point 1 

are shown on Fig 51b. The second set (lower portion of Table 12) represent 

principal stresses computed at the centroid of each element at both the top 

and bottom surfaces. Principal stresses and their directions at the bottom 

surface of element 1 are shown on Fig SIc. 

To demonstrate the relationships between stress resultants, stresses and 

principal stresses the following calculations are presented. At the centroid 

of element 1, the stress resultants are 

M2 -2295 lb in/in 

M1 -2295 lb in/in 

M12 64.2 lb ~/~ 

N1 = -3600 lb/in 

N2 -1800 lb/in 

S 0 lb/in 



! N2:: 1800 Ibltn 

- SsO 

- t 1 Ilz t'l~ Il-N I:: 3600 Ib/m, -
1 

In-plane Itr .... ' 

MI:: 2380 Ib,in/in 

Out - of - plane Ifressel 

a) Stress Resultants at Node I • 

• N2: 6~,6 Ib/inz 

- S:2,9 Ib/in2 

-11 '1ztq; 1~~996'6 Ib/inz -
f 

Top lurfoc:. 

f 
N2=96,6Ib/inZ 

_ S=2,9 Ib/in Z 

-!r'lzt~,ll- NI= 203.4
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/ in2 

T 
Bottom surface 

b) Stresses at Node I • 

c) Principal stresses at bottom surface at centroid of element I • 

Fig 51. Stresses and principal stresses. 

103 



104 

For a cross section of unit width and a thickness of 6 inches, the 

section properties were as follows 

Cross-sectional (A) 1.0x6.0 6 in 2 area = 

Section Modulus (S) 1 2 6 3 = '6X 1.0x(6.0) in 

Therefore, 

Due to M2,M1, (J M2 _ 2295 
=+= 382.5 lb/in2 +-6- = m S 

Due to N1 (J Nl 3600 
600 lb/in 2 = n1 A 6 

Due to N2 
N2 1800 

300 lb/in 2 
(Jn2 = 

A 6 

Due to M12 1" M12 64.2 + 10.7 lb/in2 = = m S 6 

Finally, by combining both the out-of-plane and in-plane stresses, we have 

top surface N1 = (Jm + (Jn1 = -382.5 + (-600) = -982.5 lb/in2 

N2 (Jm + (Jn2 -382.5 + (-300) -682.5 lb/in 2 = 

S + 10.7 + (0) 10.7 lb/in 2 
1"m 1"n = 

bottom surface N1 + 382.5 + (-600) -217.5 1b/in 2 
(Jm (Jn1 = = 

N2 (Jm + (Jn2 382.5 + (-300) 82.5 lb/in 2 
= 

S = 1"m + 1"n -10.7 + (0) -10.7 lb/in 2 

These values should be compared with element 1 (node 0) of Table 12. 

Now the principal stresses were calculated by using 

(Jx + (Jy" ±j((Jx - cr 2 y..' 1"2 (Jp = 2 2 ) + 

tan 29 = 21" 
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For example, at the bottom surface of the mid-node inside element 1, 

= 

= -67.5 ± 150.4 

Therefore, O'max = 82.9 lb/in2 

-217.9 1b/in 2 
O'min 

150.4 lb/in 2 
'T'max 

29 t -1 (-2 X 10.7) 
an -300 

-1 
= tan 0.0713 

4.08° 

The magnitudes and directions of these stresses are shown on Fig 51c. 
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4 4 9 10 'S 1 o 6.000E>00 6.000'+00 6>000£'00 6.000E>00 -D.O-C. 
15 II 12 7 I o 6.000£+~0 6.000'>00 6.000E-nO b.Ooor>oo ·1:'.n-o. TOTAL ,PPlIEn "OVAL POINT FOR,ES~lnAO CA<;E 
(, 7 1? 13 8 1 Q 6.00n£+00 6.000~.00 6.0nO£+00 6,oOor>00 -0.0-0. PT. L 1" .. on PI 1'2 P3 1'4 PS 
7 A 13 14 9 I o 6.000E+oO 6.0nOF+OO 6.0nOE>00 6.000£>no -O.O-t\. I n. o. -2.?'100f.01' O. O. 
II q 14 15 10 1 o 6.000[+00 6.0nn~+nn ~.non£.no 6.000£.00 ·0.0 ... 0. 2 O. o. -4.5000E,02 O. o. 
9 11 16 17 1;> 1 II 6,OOOr+00 6.000r>oo &,ono~.oo 6.000'>on -0.0"'0. 3 O. o. -4.5000E+02 n. o. 

10 I? 17 1 ~ 13 I o 6.000E>nO 6.000E+00 6.000F'00 6.000F.OO -0.0-0. 4 n. n. -4.5000E.02 n. 0, 
II 13 III 1'1 14 I 0 6.000r>00 6.0~OF>OO 6.000E·00 6.000E>00 -o.n-o. ~ O. -2.7000">0. O. n. n. 
12 H 19 ?O 1'5 1 0 6.000[000 6,OQ~F.>00 6.000['00 6.000t+OO -n.o-o. ., o. o. -4.'S000£>02 n. O. 
13 ·16 "1 ?2 \7 1 0 6.000,.000 6.000F>OO 6.000[>00 6.000E o OO -(hn-O. 7 O. O. -9.0000E>0? n. O. 
14 17 ?2 ,,3 I~ I 0 6.000[>00 6.000f·00 6.000£'00 6.000E'00 -0.0-0. 8 O. n. -9.0000f.02 O. O. 
IS lR ;>3 ,,4 1'1 1 0 6.000£000 6.000fo OO 6.000[+00 6.000E'00 -o.n-o. 9 O. n. ..Q.nnnnF.o2 n. O. 
16 i9 74 ?S 70 1 0 6.000E>00 6.000F'00 6.000£+00 6.000r.oo -0.0"'0_ 10 O. -!:I.4 nOO£'04 O. n. O. 

11 O. 0, -4.'5000E>0<' o. o. 
OUPLJC~TlO~ Of I"PIJT BOUNDARY CO"OITION cAIIO~. 12 O. n. -'1.noOOE.02 o. O. 
01.D? ~N['\ 1'3 ARE TRAN5lATlONS IN BASf COnRf'IINAT(~ • 13 O. n. -9.onOn£+02 O. O. 
04 A"O ~~ 'RE ROTATIONS IN SURFACE COORDINATES. 14 O. n. -11.0000[>02 O. o. 
PT. 12~4~ LI14 "Of' 0\ 02 1\3 04 {Ie, 1~ O. -5.40nOF+04 O. o. ~. 

I 11011 -0 -0 _0. _0. -~. -0. -0. 16 O. o. -4.500n£.02 o. o. 
? 10nOl 4 I -0. -0. _0. -0. -0. 17 O. O. -9.0nOne.02 n. O. 
~ 1 n 101 _0 -0 _0. ~O. • n. -0. -0. IP O. o. -9.0non£.02 o. O • 
f, nl 01 ~ 16 5 _no -0. -0. -0. _0, 19 o. n. .9.nno('lE.02 n. 0, 

10 on' 01 2n 'S -0' -0. -n, -0. -no 20 o. -5,4onoF+tu. o. o. O. 
"1 olilO -0 -0 -0. -0. -no -0. -no ?i -5.4noOf+04 n. o. o. O. 
2? OOlln 74 1 -0. -0. -fl' -no -0. 2? -1.0ROOE·OS n, o. o· O. 
2~ 00111 _n -0 -0. -0. -no -0. -0. ;:>3 -1·OAOnr·O~ o. O. n' o. 

?4 -l.(lFtoOF.+OS'o. O. n. o. 
?S -5.4nnnE>04-?7000F>n4 o. n. o. 



TABLE 7 

NOOE 01 1'l2 0' 04 ll5 
I O. O. -1.11251[-0) O. O. .. O. -1.51500E-03 -1.641'>731'-01 A.40~35E-04 O. 
3 O. -). 15000E-03 -1.27907[-01 1.61 375t -03 O. 
4 O. -4.72500E.03 -7.04284[-02 ;;.21?85E-O, O. 
5 O. -I'>.30000E-03 O. 2.45190E-03 O. 
6 -4.16?"iOE-03 O. -1.64"73E-ol O· -8.4063"E-04 
7 -4.162"0<-03 -1.57500E-03 -1.53016E-ol 70 19)63t-04 -7.193631'-04 
I'l -4. H2"i OE- 03 -3.15000E-03 -I,I~q14E-nl 1.4979)E_0~ -~. 017;>3E-04 
9 -4.IM'''OE-03 -4.72500E_03 -6.55214E-02 ;;.051!lSE_03 -3.28642E-04 1;; -4.1~2'50E-0] -6.30000E-03 O. ~.28?38[-03 O. 

11 -8.3;>500[-03 n. -1.~1901E-ol o. -1.61 37o;E-03 
I;> -8.3;>500E-03 -1.57500E-03 -1.11111)41'-01 ,..0112lF-04 -1.4979:\£-n3 
13 -B.32500E-03 -3.15000£-03 -9.25516F-02 1.16040l-03 -1.16040E-03 
14 -8.1;>5nOE-03 -4.72500!-OJ -5.111118,,-n2 ;.60300£-03 -h.3631l'E-04 
IS -B.125nOE-03 -6.30000E-03 O. i.78324E-03 ~. 
16 -1.?4A75E-02 o. -7.042114E-ol' n. -2.2128~E-n3 
17 -1.24875E-02 -1.51500E~03 -6,55214£-02 ,.28,,42E-04 ~2.051A5E-03 
18 -1.24875E-02 -).15000[-03 -5.1i&18F-"2 ~.36112E-04 -1.60300E-03 
19 -1.7.4875E-02 -4.12500E_03 -2.S3076E-02 8.85638E-0';' -8.85638[-04 
~~ -1.~4A75E·02 -6.30000~-01 O. 1/.89420f-04 o. 
21 -1.66500E-02 O. O. O. -2.45190£-03 
?? -1.66500E-02 -1.57500[-Ol O. o· -2.?1\211'1F-n3 
~3 -1.6~5nOE-02 -3,15000[-03 O. o· -I,1832H-OJ 
24 -1.6~!\00E-OZ -4.7?500t!_03 n. ii. -9.89420E-04 
~S -I.MSOOE-OZ -6.30000[-03 O. n. n. 

"ODAL ~ORCFS 
PT. 

INCLUOI~G REAtTIONS LOAD CA~E 
RI R2 R3 R4 RS 

I 
Z 
3 
4 
~ 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
n 
23 
24 
?<; 

5.40000'04 ".70000+04-2.2~000.02-1.6974D'04 3.69140'04 
1.08000'05 6.79310-10-4,50000,02 1.51?9D-OA 6.89~70'04 
I.OROOO'05 1.3rOOo-OI/-4.~0000"2 ~.75~40-09 5.4Z~3n,04 
1.08000·OS 2.94810-0'1-4.50000.02-2.99130-0'1 3.08110'04 
5.40000'04-2.70000+04 1.3,1;>0.03-~.'I4~IO-ln-4.2309n·03 
2.~1960-09 5.40000'04-4.SnOOD.Oil-h.89570+04-3.2SP10-0a 
4,'3450-01/ /I.10300-10-9.0nOOO.Oz 1.09050-0A-4.2~leO-08 
4.17500-09 1.81870-09-9.0~000.02 2.5S020-10-4.4031n-08 
2.3~620-09 4.05060-09-9.noOOO.02-,.11430-09-1.11Q90-ra 
1.1461D-09-5.~OOOO_04 2.?310D.03 2.93730-09 1.?Ssso.n3 
S.2n~40-0l/ 5.40000.04-4.snnOO.02-5.42~30.04-1'~'800-0A 
7.48290-09 5.60700-10-9.00000.02 2.86260-09-8.40920-08 
9.696'10-09 1.11880.~9-9.0~00D.02 1.9140D-OS-~.73730-08 
1.10230-09 •• 92560-09-9.00000.02 1.08150-08-2.63520-08 
4.67130-09-5.~0000'~4 2.14630.03 1.18430-09 2.79560'03 
5.52250-09 5.40000'04-4.50000,02-3.0SII0.04-8.S6710-oQ 

7,"1130-09 1.06'8D.09-'.~000D.02 6.70p30-09-I.040lfl-nR 
7.68420-09 2.34370-09-9.00000.02-;>.7IQ20-10-3.347bo-n8 
1I.92~OO·09 3.loa30-09-9.00toO.OZ 4.07640-0?-1.01~20-r~ 
8.?1'l8'10.10-5.4000o'04 1,3aaOO.03 l.q97BD-OQ 5.40~4n.O] 

-5.40000.04 r.70000-04 1,31'20+03 4.~3090'03 3.124'1r-09 
-1.0800D'C5~3.77520-IO 2.53700.03.1.25550,03 1.400~O-nQ 
-1.o~onO'05 4.83590-10 2.14630.03-2.7~56D.n3-1.0~970-n9 
-1.aSOOO'05 1.1017o-~9 1.32800.03-S.4054D'03-1 •• 57ID-09 
.S •• oOOO'04-2.7BOOo.n4-3.65'~O.03-,.56R3D'~3 3.~68Jn'n3 

TABLE 8 
..... 
0 
(Xl 

ELEME"T STRESS flE~ULANTS ~OR LOAP CAS. 

"2 "1 ~I;> ,,1 N2 5 

ELEMENT NO. NonF 
-2.380F+03 -2.3801:+0J -1.114E·01 -'.600E+03 .1.800£+03 -2.~63E-n~ ) 

-2.294~'03 -:>.2611'.03 ',911£'01 -',600£.03 .I,800E·03 4.013E-1I 6 
-2.1!l3.·03 -2·193E·03 1'''''~E-02 "3,6001':.03 -1.eOOE·03 -3.620E-ll 1 
-2,2~7.'o'l -2.294E'03 5,931E-Ol -!.600[·OJ -1.800£'03 -9.05IE-12 ? 
-2.295.'03 -2.295E.03 6,4:>2E+01 -3.600E,03 _1.eOOE·03 4,356E-II 0 
ELfl'fNT NO, ? NOllf 
-2.164F-01 -2.272._0) 2.'/;'2E+01 -J,600E.03 -1.eOOE+03 -9.05I1"-I? 2 
-2.091.-0' -2.170E_03 2.6'19F,02 -3.60~E.0~ _1.II~OE+IIJ -7.755E-?S 7 
-1.76S'+0; -1.890E_03 3.5;>2E'02 -;t.600E-OJ -1.800E·oJ -3.620E-ll 8 
-1.S35"0) -1.986E'03 9.S02E·01 -'h~OOE.O' -1.800E·OJ -9.051f-l? 3 
-1.978~'03 -2.o94E.~3 1.859E·0? -3 .. 600E.03 _1.eOOE·oJ -2.036E-11 0 
[LEMENT NO, 3 NOOE 
-1.630"03 -1.913E'03 7.4<!2E·01 -3.600E.03 -1.e0:l'03 -Q.05IE-II 3 
-1.S~3,.03 _1.R33E.03 4. 371E' 0<' ·'.60~[.03 _1.RII '03 3.6<'01'-11 8 
-1.06R,·03 -1.271E-03 5.0?6E·02 -3.600[.03 _10800['03 -1.267E-10 9 
-1.117F'03 -1.334E-03 1.205E'02 -3.600E,0] -1.800['03 -S,430E-II 4 
-1.364.'03 -1.603E'03 2.85IE·02 -)'600E+03 -1.S~Oi'03 S.430E-II n 
ELI!MENl NO. 4 NO'lE 
-A.113r,ol _1.14~E'03 1.207E'02 -3.600e:.03 _1.8nO[·03 -B.146E-ll 4 

-7.983~'o? -1.IOPE,03 5.4G2f·02 -1.600E.0:3 -1.800E'03 7.l4IE-ll 9 
-1.499r'nl -1.120r.02 5,10lE -O~ -3.600[·03 _1.600£+03 -7.7f>5r-?5 10 
-I,707r'C2 -'.~50E.02 1.3?lr+02 -~.600!403 .1.1I00E·03 -9.05l£-12 '5 
-4.972F+n2 -6.3AOE'O? J.425E·02 -3.600E+03 _1.BOOE·03 3,168E-1] 0 
ELEMENT NO. ~ NOOE 
-2.272.'oJ -2.1~'E+03 ~.122E·nl -3,600E+03 .1.SOOE'03 S.204£-11 6 
-1.986r·0) -,.a35E,03 9.502E'ot -1.600E·03 _haoof!' 03 1.04IE-IO II 
-1.890.+03 -1.1b5E,03 l.522E'02 -3.600E+03 _l,800E'n3 -1.5)9E-IO 12 
-Z.170~+01 -2.n9IE+03 2.h~9[.n2 -3.600E.03 _1.8110[+03 -S.146F-1l 1 
-Z.094.·03 -1.91RF..o3 1.8!:19E·02 -3.600E.03 _1.800E·03 1.188E-IO 0 
ELEMENT NO. 6 NonE 
-2.06S~+03 -2.06eE·03 3.182[+02 -3.600E·03 ~.BnOE·n3 9.05IE-II 7 
-1.820"03 -1.761E.n3 S.3;09E·01' -1.600E+" _1.ROOE+03 5.430E-II 12 
-1.S33r+o3 -1.533E+03 7.6~ZE·02 -3.600[,03 _1.800[+ n3 -5,430E-II 13 
-1.761~+01 -1.AZO'.o3 5.3~'IE'OP -1.600E.0~ _1.aoOE·03 -3.62nE-1I A 
-1.Bl2r+o3 -1.S12E-03 5.402E·02 -3.600E·03 _1.800E+03 -9.0SIE-II 0 

ELEMENT NO. 1 ,"ODE 
-1.559.+03 -1.74qE·03 5.1qIE+02 -3.60nE.03 _10800"+0) -3.620E-II 8 
-1.)95.+03 -1.?12E.o) 'I.144E'02 -J.600r,03 _1.800E'n) -3.102~-?" 11 
-q.265r+n2 -1.04IE.n3 1.089E,03 -3.~00E,03 -1.BoOE'~3 -2,172E-10 14 
-1.OS7.·03 -1.;>34E,03 1.350E·02 -'.600E+0~ _1.80OE·0) -100!lflF-ln 9 
-1.256f'n3 -1.199E+n3 8.337E·02 -3.600E'03 .1.800E+03 3.620F-l1 n 
ELEMENT >0o. A "'OO~ 
-7.712.'02 ·1.n5@E.03 1.725E-02 -3.600E,03 _1.8nOE+03 1.il41F-11 9 
-1.20S.'0~ -9.3911"02 1.11I7E'03 -~.6nn".0, -1.8nnE·03 1.810~-10 14 
-1.134r+02 -7.464E'OI 1.;>39E'03 -).600E.03 _1.8001"03 3.620E-Il I'> 
-1.786,'02 -1.169F'02 8.2~9E·02 -1.~OnE.0~ _1.800F+03 -7.24IF-l1 1 n 
-4.606r'02 -5.619E.0;> 1.007E'03 -3.60nE,OJ _1.800E+03 1.lnf,-IO n 
ELEMI'NT NO. " NOnF 
-1.913r'03 _1.~30[.03 7.422E·01 -3.600E.03 -1.800E+03 I.q46E-) 0 11 
-1.334r'~3 -1.117E.03 1.2~SE·n2 -3.6001'·0' _1.~00E·n3 2.172E-10 II> 
-1.271.'03 -1.0681'.'03 5.0?6E·02 -3.600E.03 _1.8001'.'03 -1.BloE-11 17 
-1.A33r'03 _1.~8]E.03 4. 377E' 02 -3.600[.01 -1.800E·oJ -2.08;>!'-10 I? 
-1.603r'o3 -1.364E·03 2.8'3IE·02 -'I.bOnE,03 -1.SoOE' 03 1.103E-I0 n 
ELF.MENT 11/0. 10 NOOE 
-1.1491"03 -1.~59E.n3 5.HIE·02 -,.600E-03 _1.800E·03 2.534r-J 0 Ii' 
-1.2l4r'n3 -1.087E.03 7.350E·02 -'.f-OnE.03 _1.AOO£+ol 1.810E-IO 17 
-1.04Ir-0] -9.265E'~? I.OA9E,03 -3.600E+01 _I.~OOE·O) -1.8)Of-l0 lR 



TABLE 9 TABLE 10 

-\ .512F+03 "'1 .. 14~~+t"I1 9.144t:+O? "'l.600f+('I~ .. l.'::4nOf·r~ -1.HAt-lo 11 AVFRAG,f) ~inOAL Sl"F~S RlSULTAN1S.~.w.l •• ~UgFACt rOnHf)I~ATfS.ln.n CASE 
-\.399'·~' -1.?5f1E·n3 1~.137F:·O;; -'\.IiOnf.Ol _1.8~nt·,J -1.11?F - 1 0 a 

NODE ELEMENT '""'0. 11 NOf}F I"? ~1 MI2 Nl N? ., 
-1.332"~1 -1.332F'03 1.033F·03 -'l.f\OnF.oJ _1.tlOOE·~3 1.810E-11 11 I -2.~~OF·03 -;>.380E·0) -1.774"01 -1.60(1£.03 -1.800E·03 ·2.263£-12 
-9.685F·n2 -9.533£-02 1.?91F·03 -1.60I)F.O'3 ... 1.AntJr+tl3 I.OR6!-1 n IS ? -2.?15F.01 -2.?Fl3E·03 4.3;>6,'01 -1.,,00F.03 -1.1I00E·03 -9.00;1£-1;> 
-6,286F.n? -6.?e~E.02 1.5~8E·01 "'l.,;onJ:".04; -1.800E·o3 -2.896f-10 19 3 -1.n3E·OJ -1.949E·OJ 8.462.'01 -3.~OOE.OJ -1.800E.03 -4.9711£-11 
-9.533"01' -9.68~f'02 1.;>9If'03 -1.,;onF·O!!: -1.SOOE·~3 -2.534F-10 14 4 -9,1\39"02 -I,l!41E·03 1.206,,0;> -1.600£.03 -1.800E.01 -~.7F\8£-11 
-9.852"01' -9.A52E'0? 1.103f'03 -1.1>00£.63 _1.800['03 -1.04lf-10 0 5 -1.101,·0? -1.250,'02 1.3211"02 -3.~00E.03 -1.800[·0] -9.05IE-12 
ELEMENT N". I? NOOF 6 - ..... 1'111'.03 -2.;>I~E·03 4. n6E'01 -'.~0~E.03 -1.800E.01 4.~~eE-1l 
-6.5a.,.02 -8.?~1E·n7 1.369£-Q,; -'.600F.01 .... l.FinnE·n1 2.li2f -I 0 14 7 -2.17111',0] -2.12~E·Ql 2.512"'0;> -3.600F..0] -1.8001"03 -6.7118f-12 
-~.2a5"02 -6.372£'02 1.6Q{JE·O) -1.#'OflF'+03 -1.ROOE·oJ 3.6701'-11 19 ~ -1.66B,.01 -1.'1;>31"03 4.7<;5,,'02 -3."00E.03 -1.8nOE·01 -1.810E-l1 
-4.905", 0 1 1.92~E·on 1.805E·03 -J.600 •• 03 ... 1.AnOE-t'l3 -?.17n-lO 20 'I -9.3111"07 -1.IME·e3 6.3761'+0" -1./>00E.03 -1.8no •• OJ -2.2/»,-11 
-1.12'1,,'07 -9.129£'01 1.41\6E·03 -1.600,.01 -1.tlnOE·oJ -1.OH~.-10 1" In -1.643 •• 02 -1.145E·02 6.9BO~-0? -3.~00F..03 -1.800E.OJ -3.620f-1\ 
-3.6671"02 -4.029E.02 1.592E·03 -3.600£.01 _1.'lnOE_03 1.81 OE -1 0 0 II -1.949F.01 -1.133£.03 8.4621"01 -,.4\00E.03 -1.flOOE.03 1.4Q3E-IO 
I';'EMENT ~". 11 tlnnF 17 -1.1\;:,,31'.03 -1.MPf·03 4.755,,'02 -3."00,,.03 -1.8001"03 -I .3~8E-II 
-1.148F'+03 -B.I13E.n? 1.207E·02 -".bOt'lF+03 .. l.800F tonJ l.nH6E-IO I~ 13 -1. 4431'.03 -1.443Fto03 9.069"'02 -3.MOE.03 -1.800E·OJ -4.575£-11 
-1.2'501"0;> -1.1011"02 1.371£·0? -1.6OnF.01 ... 1.$300F+n3 2.94IE-10 ?I I. -a.141J:'+02 -9 •• ,QE·02 1.??Qt·03 -,.,,0",'.03 -1.8nOE·03 -1.810E-l1 
-l.llO!" 07 ... l."QQf+O? 5.7011"07 -J.MaE.OJ ... 1.Rnor·n3 -1.991£-10 22 15 -1.429"02 -9.296£'01 1.3531"03 -3.",00£.03 -1.80°1'·03 -3.ft?OE-II 
-1.l08F·OJ -7.983t·0~ 5.~01'E·02 -'.~O~,.O' ... t.Af')OF+rl3 -2.71"£-11 17 16 -1.;>41,,03 -9,.h3QE+O? 1.20hF·0~ -~,,,0~E.03 -I,800E-OJ l.ft7QF-l0 
-6.380F'O? .. 4.972[+n2 3.4?~E·02 -3.600r·03 -l.~nOE·n) 2.71'1£-10 0 17 -1.1,,~n03 -9.3I1E·02 6.3761'"'02 -3.600E.03 -1.800E·03 6.562E-II 
ELEMENT NO. 14 t.moF. IP -9.439"02 -~.141E-02 l.n9r·03 -~.",OoE.03 -1.800E-01 -4.013£-11 
-1.0'18,'03 -1.112E.02 7.725E·07 -'.600F.01 -l.AOOE-oJ 1.2h1E-H 17 19 -5.">"0,.02 -5.~60"-02 1.693,'03 -3.~OOF .03 -1.80nl"·03 -4.525E-II 
-2.169"'02 -1018~E'02 ~.2~9E·O? -1.MOE.01 .. 1.lo1nnE·o3 -5,410F-II ?? 20 -8.195 •• 01 -2.449E·01 I.R19F·0] -J .... OOE.03 -1.800E.03 -1.629£-10 
-7 .464fO 0 I -1013'E'02 1.2)9E·03 -).600F.n1 ... 1.~('H·tf·1'l3 -6.IS4f-IO 23 21 -1.20;0f·02 -1.701f·02 1.321£+02 -3.1\00F..03 -1.800[.03 2.941F-IO 
-ch3931'+n? -1.20~E·02 1.167E·03 -,.600E.01 -1.~oOE·~) -".430'-lI lR n -1.145"0;> -1.643E·02 6.9'10@'·Ol -3.~00f.03 -1.1100[·03 -I. 26n-1 ° 
-~.619F·02 -'."U~E'02 1.007E·03 -'.600,_03 ... 1.4HIOE+n3 -9.0511'-11' ° 

23 -B.29",·01 -1.429E-02 1.353.-03 -J.1\00£.03 -1.BoOE-O) -3.")OE-10 
ELEMENT "'0. l~ "'!'\rf 24 -2,449 •• 01 -~.195E·01 I. '179'''03 -3.1\00E.03 -1.800E·03 -1.hRf-IO 
-a.267"02 -6.584E'02 1.3"'''[+03 _3.Mo".03 _1.~00E·o3 -3.61'0£-11 18 25 4.f)47F.~H 4.fi47F+Ol 2.0 Q9,·0) -3."00E.0) -1.800E·03 -2.112E-IO 
-9,129"01 -1.125r·02 1 •• "6E·03 -1.Mo'.03 _1.Roor·n) -9.0'>IE-ll ?l r.~fi10 

1.926.'00 ... 4.90C:;F+o1 I.R05F·03 -3.bOnE.0, _1.800ro03 -5.~6lj£-IO 24 .... 19.0 
-6.31?,'02 -5,285,'02 1.6'>OE·03 -3./\Oo.,O~ _I.eno,,"o) ~1.n8~"-10 19 •• 5710 
-4.0291"02 -3,~61f·02 1.5Q~E·03 -'.600 •• 03 _1.800E·0) 1.855E-10 0 ?1210 
~LFMENT NO. 16 NonF, 
-4.291F-n2 -4.?Q7F+oZ 1.1I23E·03 -),600E.03 _1.ROOE·o3 1.810£-10 19 
-'1.0911"01 -1.269£'02 1.95l!~·03 -'\.600F.nl _1.~00fOn3 2.17?f-IO 7' 
4.647 r+ol 4.647F·01 2.099E,03 -1.600r+0) _1.~OOE·03 -2.172E-l0 ?~ 

-1.2691"0, -~.O~IF·ol 1.952E·OJ -~.600F.OJ _1.AOOE·nJ -1.OMF-1" ?n 
-\.54qF.~? -1.54Q£+02 1.995f·n3 "').60nF.O~ _1.1I00E·03 -5.~30E-II 0 



TABLE 11 TABLE 12 
t-' 
t-' 
0 

ELEME~'T STRESSES trnO-HOTTr)M) Fn~ L nAn rASE -8.52IF·07 -~.125E·02 1.lii!4E·"2 -1.47fJF+O? .6.71i3E+nl -1.524f'!,,)? 11 
-A.331r't'l2 -~.oQ4f·"2 1.390E·02 -1.66QE.02 -9.0~8E·01 "'1.3QOE+02 0 NI "2 5 "1 N7 S ELEMENT NO. II NonE 
-8.220F'02 -5.220E.02 1.77IF·07 -1.7BOF..07 _7.8"2E·01 -I. 721E' 02 I) ELEMENT NO. t-!onF. 
-7.614F'n? -/~.C;89E·n? i.15IE·02 -4.38~E·07 _1.41IE·02 -2.15IE·02 lA -9.966F·02 -6.Q6~F·oi! -2.957t·oo -2. 034E. 02 9.6bOE·01 2.957['00 1 -7.048r'02 -4.o48r.+n? 2.613['02 -4.95~F.O? _1.9~2E·02 -2.613F·02 Iq 

-9.823~·02 "'6.77 Pf+o:? 9.885E·00 -2·177F·07 7.7PIE'ol -9,S8SF..'nn 6 -7. 589F+ 07 -4.614F,02 Z.15IE.oc -4.411E.O,. _1.386E·02 -2.ISIF·02 14 -9.638F'02 -6.638E'02 2.58IE·01 -7.'362[.07 6.379f+nl -2.SAIE·01 7 -7.642F·02 -4.6 42E·02 20171E'02 -4. 35BE. 02 -I. 358E' 02 -2.171~:·02 0 -9.778F·02 -6.823F'07 9.FlPSE+no -7.72?F·07 8.713E·01 -fJ,8Fl5E'00 7 ELEMENT ~O. 12 NOllE -9.826F·02 -fi.~26E·o2 1.070E·01 -2.17H·02 8.257[+(11 -1.(l70E"'01 0 -7.097F+Oi? -4.378E·02 2.2AIE·02 -4.901E.02 -1.622E·02 -2.2BIE·02 14 ELEMENT ~O. ? ~nl\E. -6.88IF·07 -4.n62F+"Z 2.8}6E.07 -~.119[.02 _1.938E·02 -2.eI6E·02 19 -Q.607r+oz -6,7137f+o2 4.536£'00 -7.391E.07 7.872E·01 -4t.S36f+no 7 -6.082F·07 -Z,Q97E+nz 3.009E·02 -5.9~ AE. 02 _3.003E·02 -3.009E·02 20 -9.4B5F·02 -6.616['07 4.41IE·01 -7.51~F.07 6.159£'01 -4.431E·01 7 -6.Z87F·02 -].15n·02 2.441E,02 -5.711[.07 _2.848E·02 -2,443E+02 IS -8.94IF·02 -601 49F'02 5.B70[·01 -1.0~QF.·O? 1,494['OJ -5.R7oE+nt -6.611r+n? -3.~72J.:·+02 2.653E·02 -~.J89F.07 _2.3?8E·02 -2.653E·02 0 
-9.05~F·02 -b.30QF·02 1.5F14F.+"1 -7.941F.07 3.~93E·01 -1+584f'n) FLEMENT NO. 11 NODE -9.297F·02 -~.490F·02 3.099E·01 -?7n3£+0? 4.~q8£+nl -3.09?E·01 -7.913F·02 -4.152£+02 2.0 12E+" I -4.087E'02 _1.648E+n2 -2.0IH·01 16 ELEMENT NO. 1 NnOF -6.Z08F+O? -J.28liF:+02 ".202E·01 -5.792F.07 _2.715E·02 -2.202E·01 '21 -8.716F'02 -6.IAPE.07 1.237E·01 -'.284E.07 I.AP3E·01 -1.?37HOI -fi.lB7F+n2 -1.750£'02 9.50IE·01 -5.813F.07 -2.750E·02 -9.50IF·01 22 -8.638F·07 -1'1+056[+,,2 7.2Q6E+('t) -1.167['07 5.~72E·no -7.29f1f+Ol -7.847F+n? -4.331E·07 9.00~E+nl -4.151F.07 _1.6~9E' oZ -9.003F·01 17 -7.7BOF·02 '~0I19E'02 1I.37bE·01 -4.220E.02 -8.812E·01 -8.376E·01 Q 

-7.0b3F·02 -].A29E·02 5.709£+01 -4.937F.02 -2.I7IE·o< -5.709[+01 0 -7.861F+n2 -5.723E·02 2.009E+Ol -40139f·07 -7.71'18£+nl -2.009f·01 4 fLFMFNT NO. 14 NonF -8.273F·02 -5.67IF·07 4.71:',2£+01 -~.727f+O? -3+?92E+rl - •• 757£'01 -7.764F+02 -4.785E-07 1.288E·02 -4.236F+0? _1.715E·02 -1.288£'02 17 ELEMENT NO. 4 ~JnnF -6.195F·02 -~.?9PF+"2 1.376f'02 -!!.80~F.02 _2.702E·02 -1.376F.·02 22 
-7.352F·02 -4.913£'02 a.012E·01 -4.64kE.02 -1.087E·02 -.<.012E·01 • -6.124F+02 -3.189E+02 2.065E·02 ~5.87~E.07 _2. 8ilE' 02 -2.065E·02 23 -7.33IF·02 -4.A47f·07 9.003E'01 -6..~6q£+0? _1.l~3E·02 -9.001E·01 Q 

-7.566F·02 -4.20IE·02 1.945e,02 -4.434£+0? _1.799E·o2 -1.94~E·02 IR -6.250F·02 -1.187E,07 9.~0IE'01 -~.750F.07 -2.813E·02 -9.50IE·01 10 -6.937F·02 -3.768E,02 1.67~E·02 -5.06'F.07 _2.212E·02 -1.67Flr+n? 0 -6.285F'02 -3.'OAF·0' <.702E·01 -5.715f.07 _2.792E·02 -7.207E·01 ~ ELfMENT NO. I~ NonE 
-6.829F+n2 -4.063f.02 :'.7n9F+Ol -~0I7IE.07 _1.917£+,,2 --:'.70QF:·01 0 -7.378F·02 -4.097E·02 2.28IE·02 -4.622E+0~ _1.903E·"2 -2.281E+02 18 ELEMENT NO. ~ Nonf 

-6.152F·02 -1.287E·07 2.443E'02 -1I5.A4F1E+0? -2.713£'02 -2.443E·02 ?3 -9.787F+n2 ·~.M7E·02 4.5)6f·00 -7.711[·07 6.nI'l8E+ol -'.536['00 6 -5.997F·07 -~.08?F.+02 3.009E·02 -6. 003E. 02 -2.918E·02 -3.009E·02 24 -9.309F·02 -6.059E-0'2 I.SA4E·OI -7.691[·07 5.~Q6E+no -1.5A4E·01 11 -7.062F·~2 -J.~tHF.:+02 ... 816['02 -4.Q)8F+O? -2.119E·~2 -2.816[+02 19 -9.149F+n2 -5.94IE·02 5.870£+01 -7.851f·07 -S.A70E+00 -~.87n£+01 12 -6.672F+n? -3.flln:+n2 2.653E'02 -5.32Rr.07 _2.389E·02 -2.b53E·02 0 -Q.61f1F+02 ·6.4BC;E+o? 4.41IE·01 -'.384E'07 4.R~4E·nl .. ,..4J1£+nl 7 
ELEMENT NO. If> None -9.'t90F+02 -6.291E' 02 3.099F·01 -2.510£'02 2.975E+oI -3. 099E+ 0 I -6.716F,02 -3. 716E' 02 '.039E·02 -!.284f+n? -2.284[+02 -3.039E·02 I~ ELEMENT NO. 6 ,.Ion..-
-6.085F·02 -3.71IE.07 3.7~3E·02 -'I.915F.02 _2.789£'02 -3.251F·07 74 -9.446F'02 -~.H6E.07 '.303E·01 -7.554E.02 4.4t~2t:+ol -5.303E·01 7 -C;.92JF+n2 -2.923E,07 ).499E·02 -6.077E.07 -3.071['02 -3.499£+02 '5 -9.0)3F+02 -5.945E+02 8.882E·01 -,.967F:.07 _5.'509E+no -R.887E·OI 17 -6.211F+0? -1. oB~E+n2 3.21C,)[+02 -5.789E.02 _2.915E·02 -3.25"3£+02 70 -Fl.555F+n2 -S.S55E,02 1.2710'02 -1.445E.02 .. 4.448£+nJ -1.277E·02 11 -6.2'5AF'02 -3.2S AE·02 3.374E·07 -5.742r.02 _2.142[' 02 .-3.324[+0? 0 -Fl.945F+0? -f!.o~nF+n? A.HA2E·01 -1.05~E.07 30309E+OO -a.8A2E·01 

-9.019F·02 -6.019E·02 9.003£'01 -7.9S1r'07 1.919E·00 -9.0113£+01 
ELEMENT NO. 7 N("\PF 
-8.599F·02 -'5.914£+n2 9.651£+01 -1.40IE.0? _8.5f18£+oo -9.651E+nl " -8.325F,07 -~.52IF'02 1.524E·02 -3.f>75E.07 _4.7Q4E+ol -1.574f·0? 11 P~INC,P61 srQe55£~ ( rOP-AO TTO~ 1 FOil LOAn cAc;E 
-7.544F+n? -4.73Sf·02 1.815E·02 -4.4S6E.02 -1.265E·0< -1.8ISE·0? I' 

£LE~ c;."'AX S~IN T,.A, ANt; SMA, SMIN T~AX ANG -7.812F+n? -S.056F.02 1.2?5E·02 -40188F.02 _9.4171"01 -1.22'5f+n~ 
-9."79E·02 1.5Q41':·D2 -2."41 E.00 8.295E·01 -2.l78f·02 1.504E·0<! 2.04tlE+OG -Fl.094.F+0? -5.33IF·02 1.190E' 02 -1.90bE.07 -6.690E·01 -1.390£·OZ I -1'I.f:I?2F+02 

-6.456F·07 -9.11IE·02 1.438E·nl -f>.224E.00 5.196f·01 -2.712£'02 1.626E·02 5.4tl3f+OO ~IO\"lF. 7 ELE"ENT NO. A 
3 -S.SA7F·02 -a .1~7P02 1.385E·02 -1.Q01E.OI -2.619l ·01 -3.792E·02 1.764E·02 7.814£+00 -7.285F'02 -4.764E·02 1.288E·02 -4.7I5E.07 -1.236E·02 -1.?88F+OZ 9 

-6.9421':'02 1.496f·ft2 -I. iI!2E.OI -1.819E·07 -5.2f>9E·02 1.715f·02 9.720F.:+OO -7.20IF·07 -4.li66£+02 1.94SE·02 -4.79QF+07 -1.434f·02 -1.Q4I5f+n2 14 4 -3.9~OF·02 

-9.570E·02 1.626F·02 -5.49)E.00 3.313E·01 -2.544E·02 1.438E·02 6.2~4F+no -].124E+02 l,065E'02 -S.81IE.07 -2.B76E·02 -2.065F.:+02 I~ S -6.2'8F·02 -6.189F·07 
-5.17~'·02 -9.7~9E·07 1.749E·02 -1.!;4"1':.01 2.686~'01 -3.230F·02 I. 749E' 02 1. 549f + 0 I -6.298F·02 -1·19SE·02 1.376E·02 -~. 7021':.07 -2.80SE+02 -1.376F·02 10 6 

7 -4.7S3F·07 -P.f>72E·02 1.959f·02 -2.<!58E.OI -1.544E·01 -4.42IF·02 2.113E·02 2.012£+01 -6.768F+~? -3.937F+02 1.678E·02 -~. 232E. 02 _2.0f>3E·02 "l.678E+ Of.' C 
~()DF 8 -3.1~7F·o2 -7.548['02 2.195E·07 -?491F+Ol -1.340['02 -5.956E·02 20308£'02 ".332f·01 ELEMENT NO. 9 

9 -S.208F·07 -8.7)~[+02 1.764E·02 -7.AI4E.00 -6.~27E·01 -3.413F.·02 1.385E·02 1.003E+Ol -9.188F'02 -S.716E·02 1.217E·01 -2.812E.02 -2.B35E·01 -1.217['01 11 
-A.2Z3f'02 -4.80If,02 2.009['01 -3.717E.0? _1.119E·02 -2.009£'01 16 10 -4.S79F·02 -j:l.846f+02 2.1B[·~2 "Z.03"'E+Ol -3.279f·OI -4.247['07 1.959E·0? 2.75Ar·01 
-A.119~+n2 -4.7AOF+0' 8.376['01 -3.88If.07 _1.220[+02 -8 •. 176f+Ol 17 11 -3.503F.02 -P.78IE·02 2.6111E·02 -2.7bAE.OI -2.193E'01 -5.497£+02 2.639E·02 207bAE'OJ 
-9.0S6F'07 -~.638f'02 7.296[,01 -~.q44F:+O? .3"16['01 -7.?Q~F.:+Ol 17 12 -2.10AF·02 -P.17~E·02 3.013F·e? -3.~SIE.OI -7.957E·01 -6.922E·02 3.063E·02 3.nOlf·01 
-8.67IF'02 -S.271E.0? 4.7~2E·01 -1.321F.02 _·'.?I'IBE+ol -4t.7C;?F+nl 0 13 -3.711"0'2 -7016IE'02 1.715F·02 -9.720E.00 -2.058f·02 -5.050E·02 1.496E·02 1.12n·01 
ELEMENT NO. 10 NorF 14 -3 .. 1'l44F"+02 -7.660E·02 2.10SE·~2 -2.137E.OI -1.4~2E·02 -C;.843F+0? ?0I95E'02 2.49.3E+Ol 
-8.914F+02 -5.~9QF+0? Q.65IE·01 -1.08~F.07 _4.nI4E+ol -9.'Slf.·01 12 15 -2.07A"02 -j:l.?04£+02 3.063F+1)2 -l.oOIE.OI -8.2~4F·01 -6.R92F.·02 3.033f·02 3.0~IE·01 

-B.OS6F·07 -4.AI2E·O? 1.275F·02 -1.946.F+0? _1.IABE·02 -1.??5F+02 17 16 -1.l1IF·07 -j:l.405£+02 3.('47£+n? -3.7ijf>E.OI -S.949E+Ol -7.riA9E+n2 3.647f·~? 3.286E·01 
-7.735F·02 -4.544E+~2 1.815£'0, -4.26~F.07 _1.4li6E"+n2 -l,Fll-=:F+n? 1 R , • ?fl70 

f.,.P7f,t) 
I" 4 3QO 
?-,C;;:t0 



APPENDIX 2 

A Listing of the IBM Version 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



DISCLAIMER 

Although the authors have personally tested the program listed in 

Appendix 2, no warranty, expressed or implied, is made by the authors or any 

representatives of The University of Texas as to the accuracy, completeness, 

reliability, usability, or suitability of the computer program and its 

associated data and documentation. No responsibility is assumed by the 

authors or any representatives of The University of Texas for incorrect 

results or damages resulting from the use of the program. 
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!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



CNULL PROGRAM MAIN C INPUT.OUTPUT,TAPE1,TAPEl,TAPE3,TAPE •• TAPE8.TAPE91 LMB 
C ••••• THIS VERSION Of THE SHELL PROGRAM HAS BEEN MODIfIED TO RUN ON THE LMB 
C IBM 360 AT THE TEXAS HIGHWAY DEPARTMENT. ALL REAL VARIABLES ARE LMB 
C DOUBLE LENGTH AND INTEGER VARIABLES STANDARD LENGTH. BOTH SEOuEN-LMB 
C TIAL AND DIRECT ACCESS DATA SETS ARE UTILIZED. LMB 
C ••••• THE LATEST REVISION DATE fOR THIS VERSION IS 8 AUG 1973 ••• 

IMPLICIT REAL-S IA-H.O-ZI 
c DEfINE fILE SI~.8000,L,NAV1). 9CS.800,L.NAVll 

DEfINE fILE SISO.8000.L,NAVll. 9IS0.800.L.NAVlI 
C ••••• DEfINE fILE al Nl ,Ml.L,NAVlI,9INBLOC,ML,L,NAVll ••• 
C WHERE NBLOC • NUPTS/IBANOP I ALWAYS ROUND u~ I 
C Nl .. NBLOC-MBANO 
C Ml = a-MBAN!) 
C ML = Il-MBANO-L VECT 
C MilANO = IIlANOP-NOfRE 
C LVEeT C NO. OF LOAu CASES 

COMMON NWORDSI266001 
COMMON/CV/NUMEL.NUPTS.NU8PTS.IBANOP.M8AND.NBLOC.NDfRE,IfLAG,NUMAT 
COMMON/SS/I6EN,ISHEAR,JSHEAR,NREO, IREACT ,NTRUSS, ISIG 
COMMON IBTAPEI LCPJIlOOI.MCPJII001 
DIMENSION JTITLEIZOI,CISI 
EQUIVALENCE IISHEAR,NII 
CALL ERRSET (208,256,-1,11 
READ IOOZ.ITITLE 
PRINT 1003,ITITLE 
00 SO I.blOO 
LCPJ II I * I 

SO MCPJIlI • I 
1002 rORMAT IlOA<\.1 
1003 fORMAT 12HI .20UI 

, INREO,Hl)' IIPEACT,N31 

READ 30,NUMEL,NUPTS.NU8PTS.IBANDP.NOfRE.IfLA6.NUMAT.NI,Nl,N3.N4, 
IGEN,ISlG 

JSHEAR • NI 
PRINT 31 ,NUNEL,NUPTS,NUBPTS.IBAHDP,NDFRE,JrLAG,NuMAT,NI,NZ,N3,N4, 

I6EN,ISIG 
M8ANO-J8AHDP-HDFRE 
HBLOC aINUPTS-HOrREI/MBANO 
Irl!MBANO-NBLOC-NUPTS-NOFREI.HE.OI N8LOC=N~LOC_1 
REWIND I 
REWINO l 
REI/INO 3 
REWIND 4 
CALL OilER I 
CALL OVER2 
CALL 0llER3 
IF eIBEN.GT.31 GO TO 3 
CALL OVER<\. 

3 CONTINUE 
30 FORMAT Ci3i41 
31 FORMAT I 9H NUMEL 

• 151 9H NOFRE 
.151 9H NRED 
.151 9H ISIG 

-,I5/9H 
-,IS/9H 
a,lS/tH 
",lSI 

NUPTS 
If LAG 
IRECT 

90 FORMAT f13.4 I 
If N".GT.O 

l STOP 
80 TO I 

END 

-,IS/9H NU8PTS =.15/9H I8AHOP •• 
=.IS/9H NUMAT -,IS/9H ISHEAR _, 
-,IS/9H LPROB =.I5/9H I6EH '" 

LMI; 
LMB 
LMB 
LMB 

LMB 
LMB 
LMIl 
L~t! 

LMI; 

LMt! 
LMB 
LMB 
LMIl 
LMB 
LMB 

LMB 
LMB 
LMB 
LMII 
LMB 
LMIS 
LMB 

LMB 
LMB 

6129 
7/10 
7110 
7/10 
7/10 

7/09 
JJP 
JJP 

7109 
7/09 
7/09 
1103 

2 

4 
7103 
7/03 5 

C 

6 

7 

6126 
6/16 
6/lb 
6/26 8 
7/09 
7/09 
7/09 

7/09 
7/09 

SUBROUTINE QTAPE I MQ,NTAPE,P,Q.ICHOL I 
IMPLICIT REAL.S IA-H,O-ZI 
COMMON/CV/NUMEL,NUPTS.NU8PTS,IBAHOP.MBANO,NBLOC,NOfRE,IFLAG,LVECT 
COMMON/I;TAPEI LCPJI100I.MC~JCIOOI 
DIMENSION ~!II.QIII 
NwOROS=MBANU·LVECT 
IF I IABSIMQI.GT.l I 60 TO 5 
004 N=l,NBLOC 
If I MG.EQ.-l I READ INTAPEI !QIII,I=t.NI/OROSI 
IN=O 
IF I MQ.EQ. 1 I K=IN-ll.MBANO'1 
IF I MO.EQ.-I) K=(NBLOC-NJ.MBANO-I 
L=K'MBANO-I 
DO 3 I=l,LVECT 
00 2 ..I=K,L 
IN-IN'l 
IF ( MQ.GT.O 
IF I MQ.LT.O 
CONTINUE 
K=K·"l50 
L=K'MBANO-l 
IF( MQ.EQ.I 
CONTINU~ 
GOTO Il 

QIINI=PIJI 
PI ..I1"OIIN) 

wRITE (NTAPEI (QIII.I-I,NI/OROSI 

LMtI 7109 

LMb 6126 

LMB 6/26 

IF ( MQ.EQ.-2 I 
IF ( MQ.EQ.-J 
IFIMQ.EQ.-3) 
IH =0 

READ INTAPEI IQIII.I"IoNI/OROS) LMB 6/26 

K -I 
L = MBANO 
00 7 Iltl,LVECT 
00 6 JaK,L 
IH-I1.-I 
IF ( MQ.GT.O 
IF I MQ.L T. 0 
CONTINUE 
K=K'IOO 
L=K'MIlANO-I 

I CALL IOBIN 17HREADSKP,NTAPE,O.NWORDS,MCPJIICHOL)1 
RlAO INTAPEIMCPJIICHOL)IIQ)II,9-I,NWORMSI-

OIINI"PI JI 
PI ..I1'Q!INI 

3HK+ 

If! MQ.EQ.l I WRITE (NTAPEI IQIIIoI-ltNI/OROSI LM86/l6 
IF ( MO.EQ. 3 I CALL IOBIN I 6HWRITER.NTAPE,O.NWOROS.MCPJIICHOLII 
IF(MQ.EQ. 3) WAITE INTAPEIMCP..IIICHOLIIIQIII.I-I,NWOAOSI 
RETURN 
END 

LMB 



SUBROUTINE RLOAD I MQ,NTAPE,R,LI,L2,IDIM I 
IMPLICIT REAL-S IA-~,O-Z) 
COMMON/CV/NUMEL,NUPTS,NUBPT5,IBANOP,M8AND,NHLOC.NDF~~,IfLAG.LVECT 

OIMENSION R II I 
N=NUPTS-NDfRE 
00 I LV=L\,L2 
1=llV-II·IDIM-S·I 
It'N = I • N - I 
If lIo!Q.GT.OI WRITE INTAPEI IRIII)oIl=lolPNI 
If IMQ.U.O) READ INTAPE) IRIIIl oll=loIPNI 
IF I MQ.GT.O) CALL WIND I NTAI'E,2 ) 
RETURN 
END 

SUBROUTINE WiND I NTAPE,IRECO I 
2 REWIND NTAPE 
6 RETURN 

ENO 

LMB 7/09 

1Mb 6/26 
L"B 6/26 
LMb 6/26 

lMII 6126 

SUBROUTINE DVERI 
IMPLICIT REAL'S IA-H,O-ZI 
COMMON/CV/NUMEL,NUPTS,NUBPTS,IBANDP,MBAND,NBLOC,NDFRE,IFLAG.NUM.T 
COMMON/SS/IGEN,ISHEAR,JSHEAR,NRED,IREACT,NTRUSS,ISIG 
COMMON KQ(4),NODES,QUADT,SMATll,30),EM,RM,VM,GM,01,02, 

1 XQI3,aOO),DIRI6,SOI),UI9),SI2011.T(3,3),EI13), 
2 E2131 ,T~ IS) ,TPC (6),X (4) ,Y (4),Z (4) ,011 ,DI2.D22,D33,G 1 ,G2, 
3 0113,4),D213,4),ELOADIS),IBI801),IDUMMY,TEMPISOO) 

DIMENSION DMAT(6) 
DIMENSION IQI4,2000),ITYPEI2000),QTYPEI2000). 

1 TMATIS,2000),DISTLDIS,2000) 
DIMENSION THS8IS8) 

CNULL EQUIVALENCE ITH,TH5S) 
EQUIVALENCE ITHIlI, TH5SI1I ) 
EQUIVALENCE ISMUIlI ,IQIl)), IXQII) ,!TYPEIl) ,DISTLOIl)) 

I .IXQ(2001),QTYPEll)),10IRCl601),TMUCl)) 
CNULL EQUIVALENCE IEM,DMAT), 

EQUIVALENCE IEM, DMATll) ), 
1 CU I I ) , X I) , CU (2) , Y I) , CU (3) , Z I) , I U (4) , XJ) , IU 151 , Y J) , CU 16) , ZJ) • 
2 CU(7) ,XIO, CUIS) ,YIO, CU(9) ,ZIO, CUI 11 ,XO), CU(2) ,YO), CU(3) ,ZO), 
3 CU(4),BIl,CUIS"BJ"CU(7" W"CU(6), A)'CU(7), B),CUIS), 0) 

LOGICAL TEST1,TEST2 
INTEGER QTYPE,QUADT 
DO SO 1,,1,801 

SO DIRI6,1'=0. 
PI=3.141S926535898 

C ••••• GENERATE NODAL COORDINATES AND DIRECTION COSINES. 
PRINT 900 
READ 90.II,JJ,IJ,IGO.u 
IF I ISO.LE.O , PRINT 30,II,JJ,IJ,IGO,IUII),I-l,3) 
IF I 160.EQ.l ) PRINT 31,II,JJoIJoIGO, CUll, 01=1,6) 
IF I IGO.GT.l ) PRINT 91,II,JJ,IJ,IGO,U 
IFIIGO.LT.O) GOTO 17 
IGO-IGO-l 

L"e 7/09 
L"e 7/09 

L"B 6/27 

LMB 6/26 
LMB 6/26 
JJP 
LMB 
LMB 

JJP 

LMB 7/02 
LMB 7/02 

IF IIJ .GT.O) XINC = IJJ-IIIIIJ 22MAR75 
GOTO I 2, 4, 8,10,12"IGO 

2 DO 3 1-103 
3 XQCI,II,-UCI) 

IFIII-NUPTS'· 1,51,51 
C ••••• STRAIG~T LINE. 

4 XJ=XJ-XI 
YJ=YJ-YI 
ZJzZJ-ZI 
XL=OSQRT(XJ··2·YJ··2·ZJ··2) 
XD=XJ/XINC 
YD=YJ/XINC 
ZD=ZJ/XINC 
DO 5 1=I1,JJ,IJ 

>---' 
>---' 
0' 



IINC"II·III/IJ 
~GII.I)·~I·XO·~INC 
XO(Z.I)=YI,YO*XINC 

S ~QIJ.II=lI'lO'~INC 
SOcOSORT(~J'XJ'YJ*YJI 
DO 7 lell.JJ.IJ 
OIR(l.n~~J/XL 
OIR IZ.ll =YJ/XL 
OIRChll"ZJ/IlL 
IfISO.EQ •• QI GOTO 6 
0IRI4.11,,-YJ/SQ 
0IR(5dl: XJ/SO 
GO TO 7 

6 OIR(.fU~O. 
OIRes,II=I. 
COOiTlNUE 
GOTO 19 

c ••••• ClRCULA~ CURVE. 
8 DIJ=OSORT((XI-XJI'.Z'(YI-YJI.'Z'(ll-lJ)"21 

OIL=OSQRTCIXI-XKI**Z·(YI-YKlooZ.(ll-lKlo·ZIIZ. 
OJL a OSORT10IJo·Z-OIL·o21 
OEL:PI -c.*OATANIOIL/OJLI 
XL= I IlI'XK liZ. 
YL .. IYl+YKIIZ. 
ZL=llI·lKIIZ. 
R= OIJ/OSINIOEL/Z.I 
TII.1I=IXK-XLI/OIL 
TIZ.II=IYK-YLI/OIL 
TI3.11=(l~-lLI/OIL 
TII.Z).IXJ-IlLI/OJL 
TI2.ZI=IYJ-YLI/OJL 
TI3.Z)-CZJ-ZLI/OJL 
TII.31= TIZ.lloTI3.ZI-TIZ.ZloTIJ.11 
TIZ.3'=-TII.lloTI3.Z'.TII.ZloTI3.11 
TI3.3)= TII.II-TIZ.ZI-TI1.Z)*TCc.11 
CONST-OSORTITII.31-·c.TiZ.3,ooZ.TIJ.J,.oZI 
AiNC=OEL/XINC 
00 9 I=II.JJ.IJ 
xINC·II-III/IJ 
ANG=A HIC-X INC 
OX=RoOSINIANG)'OCOSIOEL-ANGI 
OY=RoOSINIANGloOSINIOEL-ANGI 
~GCI.II·XI·TII.lIOOX'T(I.ZI·OY 
XGIZ.I,=YI'TI2.!I*OX'TCZ.21*OY 
~QI3.1)=ZI'TI3.1100X'T(3.Z)*OY 
C=OCOSIOEL-Z.*ANGI 
O=OSINIOEL-Z.*ANGI 
OIRIl.II:TI1.1)*C'TII.21*0 
0IRIZ.II.Tlc.II*C·TI2.2Io0 
OIRI3.II-TC3.II*C·TI3.cl*O 
OIR(4.11~-TIl.31/CONST 
0IR(5.11~-TIZ.JI/CONST 

9 OIR(6.11~-T(3.l'/CONST 
GOTO 19 

C ........ PARABOLA. 
10 IF(OABSIBII.GT.OA8SIB~)) CONST_ZJ/Blooz 

If(OABSIBJI.GE.OA8SCBl)) CONST,ZJ/BJ**Z 
0IJ-OABS(811'OABSIBJI 
W=lI*PI/leo. 
C.=OCOSIWI 
S •• OSINC~) 
OINC-OI In INC 
00 11 I=II.JJ.IJ 

XINe=II-llI/IJ 
OX$~I+OINC'xINC 

XQIl.II"XO·OX*C. 
XQIZ.II=YO·OXo~. 

XQIJ,II=lO'CONST*OX*OX 
ANG=OATANIZ."CONST-OXI 
DIR'I.II=CWOOCOS(ANGI 
DIRI2.11=S.·OCOSIANGI 
OIRIJ.ll=OSINIANOI 
0IRI4.1l=-S. 

II 011<15.11$ C. 
GOTD I'" 

C ..... ELLIPSE. 
12 AZ:A"A 

Bc-a-a 
Ae.A/B 
BA:II/A 
ATB=AoB 
w"D·PIl18U. 
S""OSI~ ''0 
C.=DCOS(lj) 
If AC=ZOU 
FAC=IFAC 
XK$8Z/OSOHTIA2+BZI 
11=AB-OSQ~Tlb2-bl'SII 
ZJ=A&"OSQRTIBZ-SJ-BJI 
wl=-pln. 
~J= PIN. 
IFIlI.GT •• O' wl_OATANIBIIII. 
IF(ZJ.GT •• D' WJ=OATANCBJ/ZJI 
Ow= ''''..1-. II IF AC 
.c=pll2. -.I-OW 
51))=0. 
00 13 I=I,IFAC 
SWC=OSI N (~e 1 
CWC$OCOS c.e 1 
R= ATB/OSQRTIB2 0 SWCoSWC.A2-CWcoC.CI 
OX'RoC_C-BI 
Dl=RoSIIIC-ll 
SCI·I)=SIII.OSQRTCOX*OX,ozoOZI 
81=81·0X 
U-Z I -OL 

13 IIC=IIC-O .. 
OS=SllfAC'II/XlNe 
ST.O. 
.C-P 1 /2. -.1 

14 00 15 K=I.lfAC 
J:CI(+l 
IFISIJI.GE.STI GOTO 16 

15 CONTINUE 
16 AINC=J-Z 

AINC_UNCoOw 
ANG.WC-AINC-(IST-SIJ-IJI/ISIJI-SIJ-IllloO. 
SS·OSINIANGI 
Cc .. ocos aNG I 
R- ATB/DSORTIBZ-SS*SS'AZOCC*CCI 
xR_OABSIROeC) 
ZR-OUSIRoSSI 
Q .. OABSlec) 
IFIXR.LE.XKI ANGT=-O*OATANICABoXRI/OSQRTIB2-XROXRII 
IFIXR.GT.XKI ANGT=-Q.IPI/2. ·OATANIBA·IH/OSQRT'AZ·l~·lRlll 

SA = DAIiStAI 
KQ(I.llj-XO.XR-C.·Q 

LMI! 

LM8 



~Q!2.III;YO'~R*SW*G 
XG(3,IIl=lO'ZR*SA 
OIR!I.III;OCOSIAN6Tl·C~*SA 
DIR(2.III=OCOSIAN6Tl.S~.SA 
DIR(3.Ill=OSINIANGTI*SA 
DIRI4.1I)=-SII 
D.RI!>+lIl= C~ 
IF!II.EG.JJ) GOTO 19 
I1=II'IJ 
ST=ST·OS 
GOTO 1" 

C ••••• REPEATEO NODAL COORDINATES.ANO El COSINES. 
17 IGO=IA8SIIGOI 

20 

18 

IF ( IJ.LE.l ) 
IF ( IJ.Lt.} ) 
IF ( IJ.GT.l ) 
JI"O 
00 18 J=II.JJ.IJ 
00 Itl L"I.3 

I=lABS (IJI 
IJ=l 
1"1 

OIRIL .JI=OIR(L .J-Il 
0IRIL·3.JI=0IR(L.3.J-11 
XQ(L.JI=~Q(L,J-II·U(Ll 

JI=JI'1 
IF I JI.GE.IGO 
I1·II·! 
JJ=JJ'I 
GOTO 20 

GO TO 19 

19 IFI(JJ.LT.NUPTSI.AND.(II.LT.NUPTSlIGOTO I 
C ••••• INPUT DIRECTION COSINES FOR ARBITARY NODAL POINTS. 

53 
51 PRINT 901 

READ 9!>,~.LIM.~OP.El.E2 
PRINT 33. M. LI~. MOP. EI. E2 
IF( M.LE.Ol GOTO 57 
TESTI-DABSIEIIIII·DABS(EI1211·DA~SIEI(311.GT •• O 
TEST2=OAaSIE2(lll'OABSIE212Il'OA~SIE21311.GT •• O 
IFCMOP.LE.OI LI~=~ 
IFIMOP.Lt.OI MOP:l 
00 52 L=~.LIM'MOP 
00 52 K=l. 3 
IFCTESTIl OIRIK • LI-El (Kl 

52 IFITEST2l OIRIII.J. LI=E2CKI 
GOTO 53 

57 L = 3 • NUPTS 
_RITE 131 ~G 

WRITE 131 OIR 
C ••••• I~Pur MESH. 

PRINT 902 
59 REAO 9l.JJ. (IOcl.JJI.I=!.41.MODL.NLAy.LASTEL 

PRINT 19J,JJ. IlG!I,JJI.I=I,4I,MOOL,NLAY,LASTEL 
193 FORMAT lSI U.I41 I 

IF « JJ .EG. NUMEL I GO TO 66 
IF C NLAY .EO. 0 I GO TO 59 

62 II"JJ 
IF( MOOL I 69.60.64 

60 IFCII.EQ.NUMELl GOTO 66 
REAO 93.JJ,CIQ!I.JJI,I=l,41.MOOL,NLAy.LASTEL 
PRINTI9J.JJ.IIGII,JJ).I=I.41.MOOL.NLAY,LASTEL 
IFCII.I.EQ.JJl GOTO 62 
JK=JJ-2 
DO 63 J=Il,JK 
00 63 K=lt4 

6J lQ(II,J.ll=IQCK.JI·1 
IFCJJ -NUMELI 62,66.66 

LMa 6/26 
L~II 6/26 

64 IFAC=IQll.III-l 
00 65 l=l,NLAY 
M"IMOOL·ll*cI-ll 
DO 65 J= 1+ MOOL 
IGll.III=M·J·IFAC 
IGC4,III"IQll.III·1 
IOI2,III=IGI4,III'MOOL 
IGI3.III=IGI2,II)·1 

65 II-II-I 
IFIII-I - NUMELI 59,66.66 

69 II =JJ'NLA Y 
00 72 J=II,LASTEL.NLAY 
L=J-NLAY 
00 70 K=I.4 

70 IQIK,J)=IGIK,L)-MOOL 
IF I IGI3.LI.LE.0) IQI3.JI=0 
IF I !GI4.LI.LE.0 I IQI4.JI=0 

72 CONTINUE 
IFILASTEL.LT.NUMELI GOTO!>9 

66 PRINT IIOJ 
00 1100 I • 1. NUMEL 
00 1000 J c 1. 4 

1000 KGIJ) = IQIJ.II 
1100 WRITE 111 KQ 

C ••••• INPUT MATERIAL TASLE. 
00 67 II=I.NUMAT 
REAO 100,I.ISMATIJ.II,J=I.71 

67 PRINT 96.I.ISMATIJ,II,J-l,11 
C ••••• INPUT ELEMENT PMOPERTY CAROS. 

PRINT 906 
15 REAO 97.II.JJ.LIM,MOOL,KK,IOMATIII.I=1.51 

PRINT 98.II.JJ.LIM.MOOL.KK,COMATIIJ.I-I.51 
IFILIM.LE.OI LIM-II 
IF IMOOL .LE. 0) MOOL-1 
00 71 I=II.LIM.MODL 
!TYPE III = JJ 
QnPE III = 1111 
00 11 J=1t5 

71 TMATIJ.II=OMATIJI 
IFILIM.LT.NUMELI GOTO 15 
00 2200 I = I. NUMEL 
MTYPE = !TYPE« II 
QUAOT = QTYPE I I) 
_RI TE (2) MTYPE .QUAOT 
00 2000 J = I. 5 

2000 OMATIJl = TMATIJoIl 
2200 WRITE 121 10MATIJltJ=loSI 

C ••••• INPUT OISTRIBUTED LOADS ON ELEMENTS. 
PRINT )5 

40 REAO 36.11. LIM.MOOL,IOMATIII.I=I,5) 
PRINT 37,11. LIM.MOOL.IOMAT!I),I-I.5] 
IFILIM.LE.OI LIM:II 
IFIMOOL.LE.O) MOUL=I 
DO 41 laII.LIM.MOOL 
00 41 J"1.5 

41 OISTLOIJ.II=OMATIJI 
IFILI~.LT.NUM~L) GOTO 40 
00 4400 I " 1. NUNEL 
DO 4000 J " I, 5 

4000 OMATIJI = DISTLOIJ.II 
4400 WRITE (4) IUMATIJ),J=1.5l 

CALL WINU!3.3) 
CALL _INO 11,31 

LMt! 6/26 

LMB 7/01 
LM" 7/02 

U'b 6/20 

LMB 6/ch 



CALL WINO 12.31 
CALL WINDI4.3) 
L " 3 * NUPTS 
READ 131 XQ 
READ (31 DIR 
CALL WINO (3.11 
DO 5000 I " I. 801 

5000 16 I II " a 
C ••••• INpUT TEMPERATURE CHANGES 

PRINT 300 
301 REAO 302.M.LIM.MOp.TEM 

If IM.LE.O) GOTO 111 
PRINT 303.M.LIM.MOP.TEM 
IF IMOP.LE.O) LIM.M 
IFIMDp.LE.OI MOP-I 
00 304 L - M.LIM.MOp 

304 TEMpILI"re,. 
GO TO 301 

777 I' liGEN .GT. 21 GO TO 71 
73 PRINT 904 

PRINT 700 
00 74 l=loNUPTS 

14 PRINT 92.1.IXQIJ,II,J-l,31.TEMPIII 
PRINT Tal 
PRINT 702 
00 76 I-l.NUpTS 

76 PRINT 32.I.IDIRIJ.II.J-I.61 
PRINT 905 
PRINT 703 

17 00 63 M-l.NUMEL 
READ III KQ 
READ III MTYPE.QUADT 
00 65 1=1.4 

S5 OMATIII"SMATII.MTYPEI 
Gl " SMATIS,MTypEI 
G2 - SMATI6.MTYPEI 

TpCISI·ISMATI7.MTypEI*EHI/124.*II.-VMII 
TpCI61=SMATI7.MTypEI 

READ 121 TH 
READ 141 ELOAO 
NODES=4 
IfII(Q(41.LE.01 NOOES-3 
IfII(QI31.LE.0.ANO.KOI41.LE.01 NODES' 2 
00 82 J.l.NOOES 
K=KQ(JI 
IfINODES.EQ.21 GO TO 600 
Cl=OSQRT I DIRII.KI**2.0IRI2.KI**2.0IRI3.Kl**2 
Cl=DSOQT 1 OIRI4.K'**2.DIRI5.K)**2'DIRI6.K'**2 
DO 61 Lol.3 
DIIL,JI=DIRIL.KI/CI 

AI 02IL.JI=DIRIL.3.KI/C2 
600 XIJ,=XQlloKI 

YIJI=XQI2.KI 
ZIJI=XOI3.KI 
TpCIJ,=TEMpIKI 

82 IRI~I=IBIKI'1 
If lIGEN .GT .21 GO TO 78 

PRINT 94.,..KQ.,.TypE.QUADT.TH.TpCI6, 
78 IfINOOES.GT.21 GO TO 610 

THIZI " EH 
GO TO ~20 

~IO THI51=THISI*PI/160. 
D=EM/I1.-V"'*VMI 

LM6 6/26 
LMB 6/26 

22MAR7S 
LMG 7/02 
LMG 7/02 

LMI! 7/02 
LMG 7/02 

LMI! 7/02 
LMG 7/02 

LMB 6/26 
LMB 6/26 

LMB 6/26 
LMB 6126 

2?"AR75 

90 
91 
92 

95 
96 

OIl=O*DSQRTlRMI 
Dl2=D/DSQRTIRMI 
033"O*ll.-VH*VHI*.5/11,·GMI 
OI2-0*VH 

620 WRITE 131 KQ.NOOES,QUAOT 
83 WRITE 131 TH58 

CALL WIND 11.11 
CALL WINOll.II 
CALL WINO!4011 
CALL WIND I 3.3 I 

If IIGEN.6T.11 60 TO 79 
PRINT 84.III!II).I-l.NUPTSI 

79 CONTINUE 
WRITE III IB 
CALL WIND I l.3 I 
CALL SEARCH 

84 FORMAT I1HO.60Ill 
fOR"'AT 1 4I4.1X.9f7.3 I 
FORHAT 1 414.2X.lp3EI2.4/18X,lp3EI2.4/I8x.lp3Ell.4 
fORHAT I I4.lX.IP4EI2 •• I 

93 FORMATI81., 
94 FORMAT Ilx.5I4.2I2,lp4El0.3.F6.I,lpEl0.3 

VORMAT I 314.5X.6f7.5 I 
fORMAT I 14.2x.lp7EI2.4 I 

97 FORMAT!SI4.Sfl0.01 
98 
100 

FORMAT IIX.SI4.2~,lpSEI2.4 
VORMAT I 14.6X,7Fl0.0 I 

900 
901 
902 
903 

904 
700 
101 

702 

FORMAT 146HO DUPLICATION Of INPUT NODAL COORDINATE CARDS. ) 
FORMAT (/53H DUPLICATION Of INPUT SURFACE DIRECTION COSINE CARDS.I 
FOR~AT (/49H OUpLICATION Of ELE~ENT NODAL POINT NUMBER CARDS. 
FORMAT 140HODupLICATION O~ ELEMENT MATERIAL TABLE. ) 
fORMAT !47HONODAL COOROINATES AND TEHpERATURE DIFFERENCES. 
FOR~ATI4H pT •• 3X.1HX.l1X.IHY.l1x.1HZ,II~.5HTEHp.) 
FORHAT 128HOSUR~ACE DIRECTIONS COSINES. I 
FORMAT ( 4H pT •• 6~.3HE1X.6X,3HE1Y.6X.3HE1Z 

• 6X.3HE2~.6X.3HE2Y.6X,3HE2Z I 

L~B 6126 
LHB 6/26 

LMI! 6/26 

90S FORMAT(64HOEL. NO •• EL. NODE NOS •• MATL. TypE-T.EL. 
.E5S.ANG. 10HTHER.COEf.) 

TypE=E.EL.THICKN22HAR15 

703 FOR"'ATII~.4H EL •• 3X.1HI.3X.IHJ.3x.1H~.3X.SHL T E.3X,2HTI.SX.2HTJ. 

906 
30 
31 
32 

ex.2HTK.8X.2HTL.AX.llHANG ALPHA ) 
FOR"'ATIJ9HODUpLICATION Of ELEHENT PROPERTY CAROS.I 
FORHAT ( 4I4,l~.lp3EI2.4 I 
FORHAT I 4I4.2x.lp3EI2.4.I,18X.lp3EI2.4 
FORMAT I 14,2x.6f9.S , 

33 FORHAT I 3I4.4X.6f9.5 I 
35 fOR~AT (27HOELE~ENT DISTRIBUTED LOADS. 
36 FORMAT I 3I4.8X.5FI0.0 I 

37 
303 
300 
302 

FORHAT I!X.3I4.lox.lp5fI2.4 ) 
FOR"'ATIIX.3I4,2X.1PEI2.4) 
FORHATI41HODUPLICAT!ON OF INPUT NODAL TE~p. DIffERENCES. 
·ORMATI3I •• 3x.fl0.0) 
~ETURN 
END 

22HAR75 
2?HAR75 



c 
c 
C 
c 

SUSROUTINE SEARCH 
IMPLICIT REAL*S (A-H.O-Z) 
COHMON/SS/I6EN.ISHEAR.JSHEAR.NREO.IREACT.NTRUSS.ISI6 
COMMON/CV/NUMEL.NUPTS.NUBPTS.ISANOP.MSANO.NSLOC.NOFRE.IFLA6.NUMAT 
COMMON IQ(4). ISISOI).IOUMMY. LLJQISOO). 0(20.41) 
OIMENSION INTE6(2426) 
EQUIVALENCE IINTEG.IQ) 
INTEGER Q 
00 30 1=1.2426 

30 INTEGH) " 0 
IIEAO (2) IS 
IK " I 
00 50 LZ " I. NUMEL 
READ (1) IQ 
'IOOES " 4 

IF IIQ(4).LE.0) NODES'" 3 
IF IIO(3).LE.0) NOOES. 2 
00 4 II = 1. NODES 
I '" IQIII) 
lSI!) = IEUI) - 1 
DO 4 JJ " I. NODES 
J " IQIJJI - IK • I 
IF 1 IQIJJ).GT.I I GOTO 4 
00 I LL " I. IBANOP 
IF I QILL.J).EQ.O) QILL.JI 
IF I QILL.JI.EO.I) GOTO 4 

I CONTINUE 
4 CONTINUE 

IF ( IeIII().GT.O) GOTO 50 
10 00 8 I " I. IBANDP 

IF I Olloll.EO.O I GOTO 9 
8 IT " I 
9 IF 1 IK.(o.1 I lLJOIIKI = IT 

IF I IK.GT.1 I llJQIIKI LLJQIIK-Il' IT 
PRINT 91. LLJGIII(I 
IF IIGEN.GT.ll GO TO 7 
PRINT 91.IK.IOII.I).I_I.IT I 

7 IF IIK.EO.NUPTSI GO TO 50 
IF IIK.EO.NUPTSI GO TO 50 
00 5 I " I< 40 
00 5 J '" 1. ISANOP 

5 OIJ.ll = QIJ.I'11 
II( .. II( • I 
IF ( 191IKl.EO.0 I GOTO 10 

50 CONTINUE 
CALL WINO I 1.1 
CALL WINO I 2.1 
PEAO I;?l IS 
WRITE !I I III 
WR ITE II) LLJQ 
CALL WIND I 1<3 
calL WIND I 2.1 

91 ~DRHAT 11016 I 
RETUIIN 
END 

LHB 7/09 

LMS 6/27 
LHS 6/25 
lMS 6/25 

LHS 6/25 
LHS 6/25 
LHB 6/26 

LMS 6/26 
LHS 7/02 
LMS 7/02 

221'AR75 
22HAR75 
221'AR75 
22MAR75 
22MAR75 

LMB b/26 
LMB bl2b 
L"'B b/2b 

SUo;ROUTlNE OVER2 LMS 7/09 
IMPLICIT REAL*8 IA-H.O-Zl lMS 7/09 
COMMON/CV/NUMEl.NUPTS.NUSPTS.ISANOP.MSANO.NSlDC.NOFRE.IFLAG.lVECT 
COMMON/SS/IGEN.ISHEAR.JSHEAR.NREO.IREACT.NTRUSS.lSIG 
COMHON llJQ(SOO) 
COMMON ISI8011.IQ(4).NOOES.QUAOT.IXl.1801200.6).ISCISOO).QI2401. 

ISCI200.51.PXI179711.THQI41.ANG.TPCI61.XI41.YI41.ZI41.Oil. 
2 012. 022. 033. GI. G2. CI3.41. EI3.4). GM. QP(4). 
3 PX2(1109). TGI3.3.41. PX3(96).SPRINGI5.501.ISPRNGI501 

DIMENSION PI5.850.3).RI51.0XI5.5).LOAOSI3J.CQII12750) 
DIMENSION TH58(58) 
INTEGER 1:I.I:IU40T 
EQUIVALENCE IllJI:I.Pl.IP,CI:III 
EQUIVALENCE ITHQ.TH581 

C OINOFQE.*2.6,2SJ.IBOINUSPTS.NOFRE'I.)BCINUBPTS.NOFREI.IBCINUPTS) 
C IBINUPTSI.PINUPTS.NOFREI.RINOFIIE).II:I.X.y.ZINOOESI. 

OATA OX/1 ••• *O •• O •• 1 •• 3*O •• 2*O •• 1 •• 2*O •• 3*O •• 1 •• O •• 4*O •• 1.1 
C ••••• INITtAlIZE SLANK COMMON IEXCEPT IS). 

DO I 1=103848 
LLJQrn " 0 
00 2 1"1.5 
DO 2 J=I.200 

2 BCIJ.1l " 0.0 
00 4 1-109520 

4 PXI!II " 0.0 
DO 3 1=IoS0 

3 1 SPRNG I II " 0 
READ 111 IS 
IlEAD III llJQ 
CALL WINO I 1.1 
IK"I 
PRINT 82 
PRINT 93 
LSO 

7 L=l.l 
QEAD 80.IIBDIL.KI.Kcl.61.lIM.MOP.IBCll.KI.K"'l.51 
PRINT 81.IIBOll.KI.K=I.6).lIM.MOP.fBCIL.KI.K=I.51 
IFIL.f~.NUBPTSI GOTO 74 
IFf MOP) 7.7.8 

8 K=IBOfL.II'MOP 

70 

~O 70 1=I(.lll'.MOP 
L=L'I 
I BD IL 011" I 
DO 70 J= 1.5 
1801L.J·II"IB01L-I.J.II 
8CIl.JI=BCfL-I.JI 
IFIL.LT.NUBPT~I GO TO 7 

LMB 6125 
LMS 6/25 
LMB 6/26 
LMS 7/02 
LMS 6/28 
LMS 6/26 

LHB 6/25 

LMS 6128 
LMS 6/28 
LME! 6128 
lMS 6128 
LMB 6/28 
lHS 6/25 
LMS 6125 
LMS 6/26 
1MB 6126 

74 IF lIGEN .Gr. 21 GO TO ISS 221'AR75 

1Q 

155 

21 

24 

PQINt 1#0 
PRINT 'II 
DO 79 L=I.NU~PTS 
P"INT 8Q. 1 IRD IL.KI .K= 1.61. II;C IL.KI .K=I.51 
QEAO 80.NSPRNG 22!4AR75 
IF fNSPRNG.LE. 01 GOTO 15 
PA I'<T 29 
LaO 
laL'l 
AEAD 22. ISPRNGIlI.LIM.MOP.ISPRIHGIK.ll.K=I.5J 
PRINT 23.ISPQHGILI.LIM.HOP.ISPRINGIK.LI.K=I.51 
IF Il.EO.NSPRNGI GOTO IS 
IF (MOPI 21021.24 
K=ISPRNG Ill.MOP 
00 25 I " K.LIM.MOP 

I-' 
N 
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lS SPRINGIJ.L)=SPRINGIJ.L-I, 
IF!L.LT.NSPRNGI GOTO II 
IF IIGEN.6T .01 GOTO IS 
PRINT l6 
PRINT l1 
00 l8 L a I.NSPRNG 

l6 PRINT 3S.ISPRNGIL,.ISPRINGIK.LI.K=I.51 
IS READ SO.LVECT.LOAOS,UPL 

PRINT SI.LVECT.LOAOS.UPL 
SO FORMAT ( .14.4X.FIO.3 I 
SI FORMAT (/oIH NUMBER OF INDEPENDENT LOAD CASES 

41H NUMBER OF LOADED NODES FOR LOAD CASE 
41H NUMBER OF LOADED NODES FO~ LOAD CASE 
41H NUMBER OF LOADED NODES FOR LOAD CASE 
l4H UNIFORM VERTICAL LOAD" IPEI2.4 I 

00 9 I -ltNUBPTS 
J=IBOII ,11 

9 ISCIJI=I . 
REAO 6S,ISKIP,JSKIP 
PRINT 6S.ISKIP,JSKIP 

IF IIGEN.L T.2) 
NTRUSS=O 
"nElLOC = 0 
DO 10 LZ=I,NUMEL 

PRINT 87 

REAO 13/ IQ.NOOES.QUAOT 
READ (3' THS8 
IF ! NOOES.fQ.l I NTRU5S=NTRUSS.I 
IF!NOOES.fQ.21 GO TO 600 
DO lO l-l.NOOES 
T GO, I, II =C 1 I • I ) 
T61I,l.II=CIZ.l1 
T611,3.II=CIl,11 
T613,1.11= Cll.II*EI3.II-CI3.II*Ela.I' 
T613,l.II=-CII.II*EI3.II'CI3.II*EII.II 

= IS/ 
I .. IS/ 
2 " 15/ 
3 .. 15/ 

T613.3.11= CII.II*EI2.II-CIZ.I)*EII.II 
CONST=OSQRTIT613.1.11*·2'T613.2.1)**2·TGI3.3.11**ZI 
TGI3,1.1'=TGI3,1.1)/CON5T 
TGI3.2.II=T613.2.II/CONST 
TGI3.3.1'=TGI3.3.1)/CON5T 
T612,1.1)= TGII.3.II*TGI3.2.II-T611.2.II*TGI3.3.11 
T612.2.11=-T611,3.1)*T613,1.II'TGII,I,I)*TGI3,3,11 

ZO TGIZ.3,11= TGII,2.1)*TGI3,1.II-TGII,I,I)*TGI3,2.11 
600 CALL QOSHEL I ISHEAR,JSHEAR,LZ,ISKIP'JSKIP I 

10 CALL SUBSPR IIK.NSPRNG.NQBLOC' 
CALL WINO I 1.2 1 
CALL WINO I 3.1 1 
CALL WlliO I 4.3 1 
CALL RLOAO I 1.3.P.I,LVECT.8S0 
JKaN8LOC*18ANOP 
IFIIII.6T.JKI GOTO 31 
11=1 
IK-III'I 
DO 30 IcIK.JII 
Q III • I 
WRITE 121 KtJ 
_RITE 121 OX 

30 WRITE 121 OX 
C ••••• INITIALIZE ENTIRE BLANK COMMON. I EXCEPT LOADSI31 I. 

31 00 36 1=1.12750 
36 COl III .. 0.0 

DO 11 L"hNUPTS 
I={L-I)*NOFRE·I 
J=I'8500 

LM8 6/Z6 
LMB 6/26 

LMB 7/05 
LM8 7/0S 

IN = J'NOfRE-I LM8 6/26 
READ 141 ICQI IKI .K=J.JNI LMB 6/26 
IN = I'NOfRE-I Lt!B 6/26 

II READ 101 ICQIIIII.K=I.JNI Lt!b 6/26 
41 00 40 I£I.NUPTS 

00 40 J=I.NOrRE 
1)0 40 K=I.2 

40 P( • .hI.,'O :r P(J,I.3J • P(J.l,tO 
1)0 73 1=I.LVECT 
11=1 
IF ILOADStll.LE.O) GOTO 73 
PR INT 8401 
PRINT 66 

11 READ 1000.M.LIM.MOP.R 
PRINT 8S.M.LIM.MOP,R 
IFIMOP.LE.OI LIM:M 
IF IMOP.LE.O) MOP~I 
DO 72 LaM.LIM.MOP 
11=11'1 
00 72 II=I.S 

72 PIK.L.11 = PIK.Ltll • RIIII 
IFlll.LE.LOADSflll GOTO 71 

73 CONTINUE 
CALL RLOAO t I.Z.P.I.LVECT.8S0 
DO 14 LV=I.LYECT 

IFfIGEN.GT.21 GO TO 14 
PRINT 9Z.LV 
PRINT 86 
PRINT 88.!L.IPIJ.L.LVI.J-I.NOFREI.L*I.NUPTSI 

14 CONTINuf 
C4LL WIND (2.3 I 
CALL wiNO I 4.1 ) 
CALL QTAPE I 1.4.P.PX2.0 I 

80 FORMAT I 14.2X,SII.lx.214.SfI0.0 ) 
81 FORMAT I 14.IX.511.lx.214.IX.IPSE10.31 
82 FORMAT 147HODUPLICATION OF INPUT BOUNDARY CONDITION CAROS./ 

SIH OI.Ol AND 03 ARE TRANSLATIONS IN BASE COOROINATES./ 
48H 04 AND OS ARE ROTATIONS IN SURFACE COOROIN4TES. I 

83 FOR"ATt23H PT. 12345 LIM MOD 01 .8XZHOZ.8X2H03,8XZH04.8X2H(5) 
84 FORMATI48HOOUPLICATION OF INPUT NOOAL fORCES.LOAD CASE NO.151 
8S fORMAT I 314.3X.1P~EII •• ) 
86 FORMAT 112H PT. LIM MOD.4X.2HPI.9XZHPZ.9X2HP3.9X2HP4.9XlHP5 ) 
67 FORMATISOHOPOINTS CONTAINEO IN EQUIL.EQs •• RIGHT OF DIAGONAL.I 

• 7H Eg. I 
1000 FORMAT ( 314.8X.SFIO.0 I 

86 FORMATI14.IIX.1PSEII.4) 
89 FORMAT f I •• SIZ.IX.IPSEII •• ) 
90 FORMATt5SHOBOUNDARY CONDITIONS OF POINTS HAVING SPECIFIED DISPLS.I 
91 FORMAT 116H PT. I 2 3 4 S 2HDI.9X2H02.9X2H03.9X2H04.9X2HDS 1 
92 FORMATI43HOTOTAL APPLIED NODAL POINT FORCES.LOAD CASE.171 
26 FORMAll54HOBOUNDARY CONDITIONS OF POINTS HAYING SPECIFIED SPRING 

.IIN CONSTANTS. I 
21 FORMAT!4H PT •• SXlHDI,9XZHOZ.9X2HD3.9X2H04.9X2HDS , 
29 FORMATf39HOOUPLICATION or INPUT SPRING CONSTANTS. / 

.11H PT. LIM MOO DI.8X2HD2.8X2HD3.8X2HD4.8X2HD5) 
22 FOR"AT (31 •• 8X.5FIO.OI 
23 FORMAT 114.IX.214.IX.1P5£IO.31 
JS FORMAT 114,4X.IP5EII.41 

RETURN 
END 



SUHROUTINE SUHSPN IIK.NSPRNG.NOdLOCI 
IMPLICIT NEAL0Eo IA-H.O-ZI LMIl 7/09 
COMMON/CV/NUMEL.NuPTS.NUBPT~.IBANOP.MBANO.NIlLOC.NDFRE.IFLAG.LVECT 
COM~ON/SS/IGEN.ISHEA~.JSHEAR.NNEO.IREACT.NTRUSS.ISIG 
COMMON LLJOl8001 
COMMON IHlaOII. 10(4). NODES. IX1120021. 0lZ40 I. PXIIIOOO). 

I 012S.240 ). PX2112SI. PMI5.25). 5137.37). PT(37). 
2 PX31IhI4).SPRINGI5.S0).ISPRNGISOI LMIl b/2S 

INTEGER 0 
DO 4 II=I.NOOES 
1=10(11) 
L=III-Il·S 
K=I-IK.I 
PMII.K)~PTIL'I)·PMII.K) 

PMI2.K)=PTIL,Z)·PMI2.K) 
PMI3.K)=PTIL·3)·PMI3.K) 
1811.=IBIII-1 
DO 4 JJ=I.NOOES 
J=IOIJJ) 
IFIJ.GT.I) GO TO 4 
NBaLLJO(J) 
IFIJ.GT.I) NIl=NB-LLJOIJ-11 
LLCJ~O 

IFIJ.GT.I. LLC~cLL~QI~-I)-NQBLOC 
00 I LL=I.NIl 
IF I OILLC~'LLl.EO.O OILLC~'LLl 
IF I QILLC~'LLl.EO.1 GOTO 2 

1 CONTINUE 
2 ISalll-I)·NOFRE 

~Scl~~-I)·NOFRE 
DO 3 IC=I.NOFRE 
N=IC·~S 
MN-IIC-I.·NDFRE 
00 3 IR=IoNOFRE 
M=IR'IS 
IIN=MN·I 
OIMN.LLC~'LL) = OIMN.LLC~'LL) • SIM.N) 

4 CONTINUE 
IF IIBIIK •• GT.O. GOTO b 

10 IT=LL~OIIK'-NQBLOC 
IF IIGEN.GT.1l GO TO 7 

PRINT 91t1K. lOll) oI=I.IT. 
CALL BLAYER IIK.NSPRN6.IT. 

IF I IK.EQ.NUPTS) GO TO b 
IS~IT'I 
DO S I = IS. 240 
OIl-IT) = 011) 
DO S K=1t2S 

S DIKoI-IT' = OIK.I. 
NOBLOC=LL~OIIK) 
IK=IK.I 
IF I IBIIK).EQ.O GOTO 10 

91 FORMAT(717) 
b RETURN 

END 

SUBROUTINE IlLAYER IJ.NSPRNG.IT) 
IMPLICIT REAL·S IA-H.O-Z) LMB 7/09 
COMMDN/CV/NUMEL.NUPTS.NUBPTS.IIlANDP.MBANO.NBLOC.NOFRE.IFLAG.LVECT 
COMMON IXlllbOS)oI801200.b). IBCISOOI. 00(240). BCI200.5). 

I 0015.5.240) .PIS.2S). PMI5.25). PXI 113b9). PT(37). 
2 PX21IbI4).SPRINGI5.50)oISPRNGI50) LMB b/25 

INTEGER OQ.X.y.Z 
DO 40 II = I.IT 
I=QQIII) 
IF I I.EO.O I GOTO 40 
IF II.NE.J .OR. NSPRNG.LE.OI GOTO 40 
DO 32 L = I.NSPRNG 
IF IISPRNGILl .NE. J) GOTO 32 
DO 33 M = I.NOFNE 

33 00114.14.11) = OOIM.M.II)'SPRINGIM.L) 
32 CONTINUE 
40 CONTINUE 

LT=25·IT 
WRITE (2) IToCOOIlI).II-I.IT) LMB b/2b 
WRITE (2) II IDOIII.L.MlolI=IoS) .L=I.5) .M=loITl LMB b/2b 
OD 10 1I=IoIT 
I=OQI II) 
IFII.fO.O) GOTO 10 
X=IBCII) 
Y=IBCI~) 

Z=I-J'I 
C ...................................................................... . 

IFII.EO.J.OR.X.EO.O) GOTO 4 
C ••••• MOOIFY LOAD VECTOR FOR B.C. ON UPPER BLOCKS ••••••••••••••••••••••• 

DO 3 L=I.NOFRE 
IFIIBOIX.L'II.EQ.O) GOTO 3 
DO 2 "=I.NOFRE 

2 PIM.I)=PIM.I) - OOIL.M.II).BCIX.L) 
3 CONTINUE 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
4 IFIY.EO.O) GOTO 7 

C ••••• MOOIFY LOAD VECTOR FOR B.C. ON LOWER BLOCKS ••••••••••••••••••••••• 
00 b L=I.NOFRE 
IFIIBOIy.L'I).EO.O) GO TO b 
on 5 .. =I.NOFRE 
PIM.Z)=~IM.Z)-DOIM.L.II)·BCIY.L) 

5 ODIM.LoIl)=O. 
b CONTINUE 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
IFIX.EO.O) GOTO 10 
DO 9 L=IoNOFRE 
IFIIBOIX.L'Il.EO.O) GOTO 9 
DO a M=IoNOFRE 
DO(L • .,hIIJ=O. 

a IFII.EO.~.ANO.L.EQ.M) DOIM.L.II)=I. 
9 CONTINUE 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
10 CONTINUE 

lERO-O.OOI 
DO 990 K = I. IT 
I~ IQOIK).NE.J) GO TO 990 
00 900 I =1.NOFkE 
IF 10011.I.K).LE.ZEHO) OOII.I.K)=I.O 

900 CONTINUE 
990 CONTINUE 

"RITE (2) 111001iIoL.M).II=I.S).L=I.SloM-I.IT) LMB b/2b 
IFIY.EQ.O) GOTO 14 
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00 11 Kcl.NOFRE 
IFI180IV'~·I).EQ.I) PMI~,I)=O. 

II IFI180IV.K·!).EQ.I) PIK.I) = RCIV.K) 
14 .~ITE (4) IPII,I).I=I.S) 

WAITE 141 (PMII.I).I=I.S) 
00 12 1=1.24 
00 12 K=ltNOFHE 
PNI~.I):PMI~.I·!) 

12 PI~.I).PIK.I.!' 
RETURN 
fNO 

LMH 6126 
L .. " 6/26 

SU8ROUTINE QOSHEL ( ISHElR.JSHEAR.LZ.ISKIP.JS~IP ) 
IMPLICIT REAL-S IA-H.O-Zl LM8 1109 
COMMON/CV/NUMEL.NUPT5.NUBPTS.18ANOP.MBANO.NBLOC.NOFRE.IFLAG.LVECT 
COMNON LLJQ(800) 
CO .... ON IX11801,. IOI41.NOOE5.0UAOT, NTRI. IXZIZ2401. PX1172501. 

I 5137,371. PT1371. TH(3). AOl3,4" B013,4', 
2 TOI3,3~), TR13,36), TI3,3.4,. XNQI3.3.41, THQI41.ANG. 
3 TPCI6'. X(4). VI.), l(4), Oil, 012. 022. 033. GI. G2. PX3124l, 
4 GM. QPI.,. AREA. B131. A(3). XMI3.31. STI15.1SI. PX4(504). 
5 X512.21. 5CONOI15.6.4). TGI3.3.4). TOI3.3'. 10ISI3.3.3). 
6 TROTI3.).l), XI. YI. ZI. X2. V2. l2. X3. Y3. Z3. 
7 PEel.51. PI. P2. P3. 01. 02. 03. Ql. Q2. Q3.PXS13001 

C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
DIMENSION LOCSII0).TXll.l •• IPEAMI41.LOCBIIS.41.LOCQI3.S.41. 

I LOCMIS).TPI9).TEMPIl) 
DIMENSION TH23(23).TH3241324).S481(481) LMB 6/26 
EQUIVALENCE ITHQ.TH231oCTHI3 •• TH3Z4.o(SIl.21).S4811 L"" 6126 
EQUIVALENCE IU.Tx •• IPI.TP) 
DATA LOCQ I 

I 1. 2. 3. 6. 7. 8.21.22.23.28.29.3S.26.27.34. 
2 6. 7. 8.11.12.13.21.22.23.30.31.36.28.29.3S. 
3 11.12.13.16.17.18.21.22.23.32.33.31.30.31.36. 
• 16.17.18, I. 2. 3.21.22.23.26,27.34.32,33.37 I 

DATA LOCB I I, 2. 3. 4. S. 6. 7. 8. 9,10.21.22,23,24.25. 
I 6. 7. 8. 9.IO.II.12.13,14.1S.21.22.23,24.2S. 
2 11.12.13.14.IS.16,17.18.19.20.21.ZZ,23,24.ZS. 
3 16,17.18.19.20. I. 2. 3. 4, S.21.22.23.c4,25 I 

DATA LOCS I 1.2.6.7.11.IZ,16.17,21.2Z / 
OATA LOCM/I.3.S.7.9/. IPER" IZ.3.4.11 
AEAL.& Nu.NORM LMB 1109 
INTEGER QUAOT LMH 7/02 

C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C ••••• TRANsrOR~ATION ~ATRIC£S ••••••••••••••••••••••••••••••••••••••••••• 
C ••••• Ttl.3 •• ' ••••••• FROM Z TO lBAR ••••••••••••••••••••••••••••••••••••• 
C ••••• TO(3.3) •••••••• FROM Z TO lO ••••••••••••••••••••••••••••••••••••••• 
C ••••• TG(3.3 •• ' •••••• FROM Z TO l· ••••••••••••••••••••••.•....•••.••••••• 
C ••••• TROT'),3.3) •••• FROM Z' TO ZBAR •••••••••••••••••••••••••••••••••••• 
C ••••• TDIS(3.J.3) •••• FROM Z8 TO leAR •••••••••••••••••••••••••••••••••••• 
C ••••• TC3.3,.' ••••••• FROM ZB TO ZO •••••••••••••••••••••••••••••••••••••• 
c ••••• COMPUT£ INTERNAL MID POINT COORDINATES IF OUAD •••••••••••••••••••• 

00 160 I =1.)7 
PTIIl-O. 
00 160 J =1,37 

160 SII.JI " O. 
IF I NODEs.GT.Z I GOTO 500 
CALL TRUSS ( IG.X.V,Z.THQIIJ,THQI2I,S.PT,GM.TPC i 
"'RITE III IQ.NOOES.QUAOT,NHH LMH 6/26 
"'RITE III TH~3 L,.S bl26 
GOTO 1001 

SOO NTRI_4 
IFIIQ(4).LT.I' NTRI-I 
IFINTRI.EG.II lAOO=IO 
IFINTRI.EQ.4) IAOD:20 
If (NTRI.EG.I) TEMP(3)=TPCI3) 
IFINTRI.EQ.~I TE,.PI3J=0.ZS-ITPCIII.TPCI2J.TPCI3J.TPCI4'i 
If(NTRI.EG.I) THIJ):THQI3) 
IFINTRI.EQ.~i TH(3iaITHQ(ll.THQIZl.THQI3).THQI4'1/4. 
DO 10 1:1.3 

10 LOCQll.3.1)~IAOD'1 
DO 11 1-1.5 

II LOCRII'IO.I,=IADD·I 
If « Oil .GE •• 000001 ) GO TO liDO 
.,.QII.I.II = 0.0 



XMQI2.2.1) 0.0 
GO TO 1000 

1100 XC=lI(3) 
YC=YI31 
ZC=Zf31 
TPI31"QP(3) 
IfINTRI.EQ.I) GO TO 100 
XC ~ 0.2S*IXIII'XI21'X(3).Xf41) 
YC = 0.2S*IYIII'YIZ)'YI3).YI.)) 
ZC " 0.2S*IZIII'Z(2)+ZI31'Zf.11 
TP(31·.ZS*IQP(II.QP(2)·QPI3)+QPI.II 

C ••••• COMPUTE ELEMENT DIRECTION COSI~ES. TtI.J,4J ••••••••••••••••••••••• 
700 00 130 N ~ I.NTRI 

M ,. IPERMINI 
Xl XIM)-X(N) 
Y I ,. YlM) -YINI 
ZI a ZIMI-ZINI 
XZ XC - X (I;) 
YZ E YC - YIN' 
IZ ZC - ZIN' 
SII .. XI-Xl'YI-YI'ZI-ZI 
SIZ " XI-X2'YI-Y2.Z1-ZZ 
SZZ " XZ-XZ'YZ-YZ'ZZ-ZZ 
COS12 • -512/511 
XZ XZ' XI-COSIZ 
Y?, " YZ • YI-COSIZ 
IZ " Z2 + ZI-COSI2 
51 " OSQRTlSlll 
S2 ,.OSQRTIX2-XZ,YZ-Y2+ZZ-Z21 
TII.I.NI Xl/S1 
TIl.2.N) " Yl/SI 
TlI.3.N' Zl/SI 
TI2t1.N) " X2ISZ 
TIZ.Z.N) YZ/S2 
TIZ.3.N) Z2/S2 
TI3.I.N) TII.Z.NI*TIZ,3.N) - TII.3.N)-TI2,2.N) 
TI3.2.N' " TII.3.N)-TI2,I.NI - TII.I.NI*Tlc.3.N) 
T(3.3.N) " TII.I.NI*TIZ,Z.NI - T(I,2,NI*TI2.I.N) 

C ••••• COMPUTE A'S AND 8·S ••••••••••••••••••••••••••••••••••••••••••••••• 
AO(?.N) " SI*COSI2 
AOI3,N) = SI 
AOll.NI " -ADI3,N)-AOI2.N) 
BOll.N) " -IS22+COSIZ*SI2)/S2 
BOIZ.N) " -BOII.NI 

130 BOI3.NI " O. 
C ••••• DIRECTION COSINES 'OR MIO POINT IF ELEMENT lS A TRI ••••••••••••••• 

DO 900 I .3 
00 900 .3 
XNlhJ).cO. 
TOII,J)·T611.J.31 

900 TOISII.J.31. TII.J.I, 
IFINTRI.EQ.l) GOTO 701 

C ••••• COMPUTE DIRECTION COSINES OF Nl.HZ PLANE •••••••••••••••••••••••••• 
CALL QOCOS I 4.X.y.Z.TO I 

C ••••• SUM OVER 4 TRIS. IF QUAD OR 1 TRI. IF ELEMENT IS A TRI •••••••••••• 
701 00 301 NT = I.NTRI 

NI " NT 
N2 = 1PERMINII 
THtl'=THQINll 
THIZ)=THQINZ) 
TEMP I I) =TPC (NI) 
TEMPIZI=TF'CINZ) 
TPIll=QI'IN!) 

TP Ii!l =QP tN2) 
C ••••• COMPUTE TRANSFORMATIONS FOR EACH POINT OF TRIANGLE •••••••••••••••• 

00 ZOO I" 1.3 
TP(I'3l=THCI)*GM 
TPCI'6l=TII.3.NTI 
AU) " AOlhNTl 
8(1) " 80Cl.NT! 
TI " TllI1.NTI 
T2 " TlI.Z.NTI 
T3 " TCl.3.Nf) 
00 ZOO J" 103 
TROTII,J.I) Tl*TGIJ.I.Nl) 
TROTII,J.Z) = Tl*TGIJ.l.~2' 
TROTII,J.)) " TI*TO(J.l1 
IFINTRI.EQ ••• OR.IFLAG.EQ.II 
IF IIFLAG.EII.O) GO TO 180 
TOISII.J.I) • TROTII.J.I' 
TOlSII,J.21 " TROTII.J.Z) 
GO TO ZOO 

180 TOISII.J.I) " TII.J.NT, 
TDISII.J.Z) TII.J.NT) 

200 CONTINuE 

+ T2-TGIJ.Z.NII • T3*TGIJ.3.NII 
• TZ*TGIJ.2.NZI + T3*TGIJ.3.NZ, 
+ T2'TOIJ.ZI • T3*TOIJ.3) 
TDISII.J.31=TROTII.J.3) 

C ••••• STORr BASt TRANSFORMATION MATRICES •••••••••••••••••••••••••••••••• 
C.DCOS , ANG I 
R-OSIN lANG ) 
IFINTRI.EQ.I) GOTO 201 
CC·TDISlhl.)) 
RR=TDISll.Z.3) 
CS=DSQPTICC*CC+RR*RR) 
CC·CC/CS 
RR=RHICS 
C= CC*OCOSIANG)-HR*OSINIANGI 
P= CC*OSINIANG"RH*DCOSIANG) 

ZOI CALL SSTQMS I C.R.OII.OIZ.D2Z.033.XM 
KS I 10 II =61 
XSI2.Z1=62 
KS!l.21=0. 
XSI2.ll=0. 
KK=INT·II*9 
00 I 1(=103 
L=KK+ IK-I 1*3 
00 I J=!'3 
XMQ(K.J.NT)=XM(K.J' 
JL=J+L 
00 I 1=103 
TOII.JL'·TOISII.J.KI 

I TRII.JL)=TROTII.J.KI 
C ••••• ADJUST TDIS FOq TRANSfORMING TO N COORDINATES ••••••••••••••••••••• 

IFINTRI.EQ.I) GOTO) 
00 Z 101.3 
00 2 J=I.3 
TDISII.J.I)=TDISII.J.3) 

2 TDISII.J.2)2TDISII.J.3) 
C ••••• COMPUTE AREA OF TMIANGLE •••••••••••••••••••••••••••••••••••••••••• 

;) AREA. A(3)aBI2) - A121*B(3) 
C ••••• FORN AND TRANSFORM MEMBRANE STIFFNESS TO BASE SYSTEM IF A TRI ••••• 
C ••••• FORM ANO TH~NSFORM MEMBRANE STIFFNESS TO ZO SYSTEM IF A QUAD •••• 

IF I QUAOT.GT.O) GOTO 5000 
IFINTIlI.EQ.1I CALL CLSTlO 13dl 
IFINTRI.EY.4' CALL CLSTIO 15.1' 
I~NO=3 
IFINTRI.EQ •• ) IENO=5 
00 Z7 11:1.IENO 



I=LOCIOIIII 
IFIII.LT.41 IL=II 
DO 27 JJ=loIl 
J=LOC"IJJI 
IFIJJ.LT.41 JL=JJ 
LS=I 
DO 27 K=J oj 

N=LOCQI~.JJ.NTI 

HI=STII .JloTOISII.K.JLI'STII .J'II-TOISI2.K.JLI 
~2=STII.I.JloTOISII.K.JLI·STII·I.J·II-TOISI2.K.JLI 
IFII.EQ.JI LS=~ 

DO 27 L=LS.J 
"=LOCQIL.II.NTI 
SI ... NI=SI ... NI'TOISII.L.ILI-HI·TOISI2.L.ILI-~2 

27 SIN,"I=SI".NI 
C ••••• FOR .. AND T~ANSFOR" PLATE STIFFNESS TO BASE SYSTE .. IF A TRI •••••••• 
C ••••• FOR ... NO TRANSFOR .. PLATE STIFFNESS TO ZO SYSTE .. IF A QUAD ••••••• 

5000 IF I LZ.LT.ISKIP .OR. LZ.GT.JSKIP I GOTO 6002 
GOTO JOI 

b002 CALL SLCCT I 9.ISHEAR.NT 
DO JOO II = I.J 
K = J-II - 2 
KK = 5 0 111-11 
DO JOO JJ = II.J 
L = J-JJ - 2 
LL = S-IJJ-1I 
DO JOO .. Z 105 
.J • LL • M 
J5 Z LOCBIJ.NTI 
IF I ... GT.JI GO TO 270 
TJ TOISIJ .... JJI 
HI - 5TIK. LI-TJ 
H2 - 5TIK'I.LI-TJ 
HJ = 5TIK'2.LI-TJ 
GO TO 280 

270 TI TROTII ... -J.JJI 
T2 - TROTI2,"-J.JJI 
HI - 5TIK. L.II-TI. 5TIK. L.21-T2 
~2 z STCK+l.L+l)-Tl • STIK+l,L+Z)-TZ 
H3 = STCK+Z,L+l'-Tl • STIK+Z.L+Z)-T2 

2BO DO JOO N = 1.5 
I = KK • N 
IF II.GT.JI GO TO JOO 
IS - LOCB II. NT! 
IF IN.GT.JI GO TO 290 
SI15.JSI - 511S.J51 • HI-TDISIJ.N.III 
GO TO 295 

290 SIIS.J51 - 511S.J51 • H2-TROTII.N-J.111 • HJ-TROTI2.N-l.111 
295 51J5.151 - 5115.J51 
300 CONTINUE 

CALL NLOAD IQI.02.0J.PI.P2.P3.DI.D2.0J.PE.AREA.A.B.TE .. P.TPCISI.THI 
DO BOO lel.J 
K-I 
IFINTRI.EQ.41 Kc3 
OI-PElI.11 
OZ-PEI2011 
03.PEIJ.II 
DO 800 J-I.3 
L=LOCOIJ.I.NTI 

BOO PTILI-PTILI'TOI511.J.KI-OI'TDI5IZ.J.KI-02.TDI513.J.KI-03 
JO I CONTI NUE 

IFINTRI.EQ.lI GOTO 1000 
IF I QUADT.GT.O I GOTO 5001 

C ••••• ELI .. IN.TE TRAN5L. CO .. PONENT5 NOR .. AL TO NI.N2 PLANE OF .. ID5IDE NODE 
DO J4 1-I.J7 
511. JI=511. JI'511.J41/2. 
511. 81=511. BI.511.JSI/2. 
511.IJI=511.IJI·511.J61/2. 
511.181·SII.IBI·511.J71/2. 

J4 511.2JI.511.231'1511.J41'SII.351'SII.J61'511.3711/2. 
DO JS J=I.J7 
S( 3,J)·S( 3.J)+SI34.J)/Z. 
51 R.JI=SI B.JI.SIJ5.JI/Z. 
SIIJ.JI=SIIJ.JI·SI36.JI/2. 
SI18.JI-SIIB.JI·5IJ7.JI/2. 

JS SI2J.JI=SI23.JI.ISI34.JI'5135.JI'5IJ6.JI'5137.JII/2. 
GOTO 5004 

5001 DO 5002 1=1.4 
01 = XIII 
02 = YIII 
OJ = ZIII 
XIII=TOII.II-QI·TOII.21-02.TOII.31-03 

5002 YIII=TOIZ.II-OI.TOI2.21-02'TOI2.31-0J 
CALL 55TQ .. 5 IDCOSIANGI.D5INIANGI.DII.DI2.D22.D33.X .. 
DO 5005 1=103 
DO 5005 J=I.J 

~005 X"II.JI=X .. QII.J.II-THI31 
CALL O .. SSTF I X.y.X ... 5T I 
DO 500J 1=1010 
II-LOCSIII 
DO SOOJ J-I.IO 
JJ-LOC5IJI 

50 OJ SIII.JJI.5111.JJI'5TII.JI 
DO 5500 I • I. 16. 5 
PHil e PTIII • PHZII/" 

5500 PTII.1I = PTII'lI • PTIZZI/4. 
PTI211 c 0.0 
PTI221 = 0.0 

C ••••• CONOEN5E INTERNAL DEGREES OF FREEDO ............................... . 
~004 IF I LZ.LT.15KIP.OR.LZ.GT.JSKIP GOTO 6001 

DO 6000 J-23.25 
DO 6000 1= I.J3 
SCI.J'-O. 
SCJ.[)cO. 
IF I I.EO.J I 511.JI.I. 

6000 CONTINU£ 
6001 NOOFO • J3 

IF I OUADT .GT. 0 I NDOFO-25 
NOOFC • 13 
IF 10UAOT.GT.OI NDOFC c 5 
DO 400 N cl.NOOFC 
K-NDOFO-N 
L • K • 1 
PIVOT - SIL.LI 
DO 400 I = I.K 
C - 511.LI/PIVOT 
PTIII-PTIII-C-PTILI 
511.LI = C 
DO 400 J = I.K 
511.JI - 511.JI - C-5IL.JI 

400 SIJ.II - SII.JI 
C ••••• £5TA8LI5H TRANSFOR"ATION FRO .. BASE COORDS. TO NI.N2 PLANE ••••••••• 

IF IIFLAG.EO.I I GOTO J9 
DO 38 L=I.4 
DO 38 1=1.3 
DO 3B J=I.3 

L"B 7/02 
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38 TII.J.LI=TOII.JI 
GOTO 41 

39 00 40 L=I.4 
DO 40 1=1.3 
DO 40 J-103 
T(I,J,L)·O. 
DO 40 ~K1,3 

40 TII.J.LIKTII.J.LI+TOII.~I-TGIJ.~.LI 
C ••••• TRANSrORM THE 4 EXTERIOR NODES TO THE BASl SySTEM ••••••••••••••••• 

41 ~=O 
DO 43 11=1016.5 
K=K+I 
DO 42 1=1.3 
DO 42 JKI.3 

42 TXII.JI-TII.J.KI 
Ol-PTIII I 
OZ=PT I II + 11 
03"'PT 111+21 
PTIII I=XI-OI+VI-02+ZI-Q3 
PTIII+II=XZ-QI+V2-QZ+ZZ-Q3 
PTIII+ZI=X3-QI+V3-0Z+Z3-Q3 
DO 43 1-11.20 
r=Slhll I 
G=5 I h 11+11 
14=5 I IoIl+ZI 
511.11 I=r-XI+G-VI+H-ZI 
511.11+II",r-X2+G-VZ+H-ZZ 

43 511.II+ZI-r-X3+G-VJ+H-Z3 
K-O 
DO 45 11-3.18.5 
~=~'I 
DO 44 1-1.3 
DO 44 J-103 

44 TXIJ.II.TII.J.KI 
DO 45 J-Io II 
r=SIII-2.JI 
G=S I 1I-IoJI 
14=5111 .JI 
SIII-Z.JI=XI-r+xZ-G+X3-H 
SIII-I.JI-YI-r+YZ-S+V3-H 

45 SIll .JI=ZI-r+ZZ-G+Z3-H 
00 46 J-IoZ0 
DO 46 I=J.20 

46 SIJ.IIKSII.JI 
1000 WRITE III IQ.NOOES.QUAOT.NTRI 

TPCI51KTEMPI31 
WR ITE 111 TH3Z4 
IrIQUAOT.GT.OI ~RITE III x.v 
IrIJSHEAR.EQ.61 wRITE III SCONO 
IrINOOE5.EO.41 ~RITE III 5481 
IrINOOEs.EQ.41 WRITE III CPTl110I-Z10331 

1001 RETURN 
END 
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SUBROUTINE TRUSSIIO.X.V.Z.AREA.E.S.PT.GM.TEMPI 
IMPLICIT REAL-8 IA-H.O-ZI 
DIMENSION 1014" X141. V14" Z14" SI37.37J.PTl371 
DIMENSION AI3.31. L0161. TEMPI61 
DATA LO 1 3-0.3-2 1 . 
EQUIVALENCE IAllolI.XII.IAI2oll.VII.(A13.II.ZII. 

I IAlIo2).X21.IAI2.Z).VZI.IAI3.ZI.ZZI. 
Z IAII.31.X31.IAI2.31.V31.(A13.31.Z31 

REAL-8 L.LI.L2.L3.lv.IZ 
DO I 1-1.37 
DO I J-I.37 
5IhJI=0. 
L-OSORTI IX I II-X IZII--2+ IVIII-V(2) I--Z+ IZIII-Z IZ) I--~I 
Ll=E/L 
LZ=E/L--2 
L3-E/L"3 
5 I I. 11 =AREA-Ll 
51 6. II=-AREA-LI 
51 1, 61-SC 6. 11 
51 6. 61-AREA-LI 
Ll"X IZ) -X I 11 
LZ-VIZ)-VIII 
l3-ZIZI-ZII) 
HI-05QRTILI--Z+LZ--ZI 
CI-I. 
51-0. 
IrIHI.6T •• 00000II CI-LI/HI 
IrIHI.GT •• OOOOOII 51=LZ/HI 
CZ-HI/L 
5Z--LJ/L 
A 1I.II-Ll/L 
A II.Z1 -LZIL 
All. 31 sL3/L 
AIZ.II--51 
AIZ.21- CI 
AIZ.31= O. 
A 13oll-CI-5Z 
AI3.ZI- 51-5Z 
A 1l.31-CZ 
DO 4 II-I. 6.3 
N = II + LQIIII 
00 4 1=11. 6 
M - I + LQ I III 
F-S(M, N ) 
GZ'S (M, N+l) 
HaseN. ~.2) 

SIM. N )=r-XI+G-VI+H-ZI 
SCM, N.l)~F.X2.G.Y2.H.Z2 

• S(M, N.~J=F.X3.G.Y3.H.Z3 
DO 5 11"'3. 6.3 
M = II • LQ I II) 
00 5 J=101l 
N z J + LQ I JI 
r"s I M-Z.N) 
G=S I "-I.N) 
H=51 M .NI 
~( ~-2.~)=F·Xl·G·Yl·H·Zl 
51 H-I.NI=r-XZ+G-V2.H-ZZ 

5 S( M ,NJ=FeX3+G-Y3+H-Z3 
DO 6 J=1010 
DO 6 I=JolO 

6 SIJ.II=SlloJI 

LMB 7/09 
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AVTP = 0.5.CT£MPCI)'TEMPIZII 
PP= E.TEMPC61*AREA.AVTP 
00 10 1.1.6.5 
PP.·PP 
pT C !lapp*CZ*C I 
PTII·II·PP*C2*SI 

10 PTCI'ZI= IPP*SZ).GM.L·AREA.O.5 
7 RETURN 

END 

SUBROUTIN£ S5TQM5 I C.R.OII.DIZ.OZZ,033.XM 
IMPLICIT REAL.8 CA-H.O-Zl 
DIMENSION XMI3.3) 

ZOI 54-R-.4 C.-C··. 
52CZ·R-R·C·C 
5C3=R·C--3 
53C"Ru 3*C 
XMCI.II-C4.011·54·0ZZ.SZCZ·IZ.·012'4.·0331 
XMIZ.I)·CS4·C4)·DIZ·S2CZ·IOII.OZZ-4.·033) 
XMC3.II-SCl·C-OII·0IZ'Z.·0331'S3C*I-OIZ'OZZ-Z.·0331 
XM/Z.ZI·S4·011·C4·0ZZ.SZCZ·IZ.·OIZ ••• ·OJ31 
XM(J,ZI=SC3·1-0IZ.OZZ-Z.·0331'SlC*C-OII.0IZ'Z.*03ll 
XMI3.3)=IC4·S4)·033·SZCZ·COII-Z.·0IZ.OZ2-Z.·0331 
XMII.ZI"X"IZ.II 
XMII.31=XMI3,11 
XMIZ.3)=XMI3,21 
"ETURN 
END 

22MAR75 
22MAR75 
Z2MAR75 
22MAR75 
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C 

SUBROUTINE QMSSTF I X,y.OO,QQ ) 
IMPLICIT REAL.S IA-M.O-ZI 

c ••.•• QMS MEMBRANE STIFFNESS MATRIX FOR A GENERAL QUAD 
C 

OIMENSION XIlt),'141.0013.31.QQI15,15) 
DIMENSION OCI3.IO),SSlltl.TTIlt) 
DATA SS 1-1 •• 1 •• 1 •• -1.1. TT /-1 •• -1 •• 1 •• 1.1 
006 1=1015 
006 .1-1.15 

6 QQII.J) .. 0.0 
R12. III) - X(2) 
R13" XIII - XI31 
RI4 .. XIII - XI.I 
R23 • XI21 - XIJI 
R2. s XIZ) • XI41 
R3 •• XC31 - XC.) 
112 - 'III • '121 
Z13 .. '0) - HJ) 
ZI ... 'III - YC., 
lZ3 " 'IZ) - V13) 
Z2. a YlZ) - Yl41 
Z34 " 'C31 - Ylltl 
VOL-RI3·ZZ4-RZ.·ZIJ 
CALL Q"5C2 I RI3.MZ •• ZI3,ZZ •• VOL,XS,X6.X7.X8.Y5.Y6.'7.'8 
DO 30 11-1.4 
S-SSIIII·0.577350Z69189626 
T=TTIII)·0.577350Z69189626 
CALL 0"5CI I S.T.RI2,RI3.RI •• R23.RZlt.R34.112.Z13.ZI •• l23.ZZ4.Z34. 

VOL.XI.Xc.X3.Xlt.XC.YI.Vc.Y3.Y4.YC,XJAC,XIII.XIZI. 
X(3) ,Xlltl ,YII) ,Ylcl,H3) .Y(4) 1 

C..... FORM STIFFNESS QQ 

C 

DO 10 I c I. J 
01 - OOII.II·XJAC 
02 .. OOII,ZI.XJAC 
04 - OOII,31.XJAC 
QCII,II. OI.YI'O,,*XS 
OCII.31= 01*YZ'04*X6 
QCII,5). 01·,3'0.*X7 
OCII.7)c 01*Y.-04*X8 
OCII.91- OI.YC 
QCII.2). OZ*XI.04*'5 
QCII.4'. DZ.XZ.0.*Y6 
QCCI.6)C OZ*XJ,0.*Y7 
OCCI,8'. OZ*X •• 0.*Y8 
QCII.IO). 02*XC 

10 CDNTl14UE 
DO ZO I-It 10 
Ol-QC lit II 
OZ-OC CZ, II 
04-0C C3.ll 
0011.I'aQQll.II.Ol*Yl·04*.5 
0013,I'-OQI3,1)·Dl·Y2_0.*.6 
QQI5.I'-00(5.I'·01*Y3·0.*.7 
OQC7.I,aOOI7.II.OI*Y.·0.*X8 
OQI9,I'=00C9,I,·01*YC 
QQI2.I,-OQCZ,I'·OZ*Xl·0.*YS 
QQC •• l,cOQI4.II·OZ*XZ.04·Y6 
QQI6.II·QOI6,II·OZ·X3·04*Y7 
QQC8.I'-0018.I'.OZ·X4_04*Y8 
QQIIO.I,aOQIIO,I)'OZ*XC 

ZO CONTINUE 

30 CONTINUE 
RETURN 
END 
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SUBROUTINE OMSCI ( S,T,Rlc.HI3.RI4.R23,R24.~34.Zlc.ZI3.Z14,Zc3. 
Zc4.Z34.VOL.XI.Xc.X3,X4,XC,YI.YZ,Y3,Y4.YC.XJAC.Rl.RZ. 
R3.R4.21,Z2.Z3,Z4 ) 

C..... THIS ROUTINE IS CALLED ~Y OMS STIFF~ESS AND STRESS ROUTINES 
IMPLICIT REAL*S (A-H.O-ZI 
XJ zVOL'S*(R34*Zlc-Rlc*Z341.T*IH23*t14-RI4*l23) 
XJAC=XJ/R.O 
SM=I.0-S 
SP=I.O·S 
TM=I.O-T 
TP=l.O.T 
XI=(-Rc4.R34*S·R23*T)/XJ 
XZ-( RI3-RJ4*S-RI4*T)/XJ 
X3:1 RZ4-RIZ*S'RI4*T)/XJ 
X4:(-RI3'Rlc*S-RZ3*TI/XJ 
Yl=C 2z4-Z34*S-ZZ3*TI/XJ 
Yc=I-ZI3'Z34*S'ZI4*TI/XJ 
Y3=C-2c4'Zlc*S-ZI4*TI/XJ 
Y4=( ZI3-2Ic*S.2c3*TI/XJ 
RS=O.cS*C-TM*RI·TM*RZ+TP*R3-TP*R41 
ZS zO.cS*(-TM*21·TM*ZZ.TP*Z3-TP*Z41 
RT=O.cS*C-SM*RI-SP*RZ+SP*RJ·SM*R4l 
ZT t O.ZS*C-SM*ZI-SP*ZZ·SP*Z3.SM*Z41 
XC=-Z.O*CT*SM*SP*RS-S*TM*TP*RTI/XJAC 
YCs Z.O*(T*SM*SP*ZS-S*TM*TP*ZTl/XJAC 
RETURN 
END 

SUBROUTINE OMSCZ 1 RI3.RZ4.Z13.Z24'VO~.XS.X6.Xl.xe.YS.Y6,Y7.Y8 I 
IMPLICIT REAL*S CA-H.O-ZI C..... THIS ROUTI"E IS CALLED BY ON5 STIFFNESS A"O STRESS ROUTINES 
Y5 z Z24/VOL 
X6 .. RD/VOL 
X7 a RZ4/YOL 
Y8 a ZI3/VOL 
X5 =-Xl 
Y6 '"-YB 
Y1 a-YS 
X8 =-X6 
RETURN 
E"O 
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SUBROUTINE CLSTIO CLNODES.LSIOESl 
IMPLICIT REAL*S IA-H.O-ZI 
COMMON LLJOl8001 
COMMON lXI1304S). PXIIB6S6). TH131. PXZIJ70). AREA. BI3.ZI. 

I XMO.3). 5I1So1SI. X <3.5). ViJ.S), Xl. XZ. X3. X4, XS. 
Z )(6, X1. X8. X9. '1'4. '1'5. Y6. Y1, '1'8. Y9., T(3.3 •• 
3 TUI13.SI. TUZI3.SI. PX3(1216) 

DIMENSION UI3.S.ZI.VI91.W(6).LOIIOI,IPERMI31 
EQUIVALENCE 1)(1, V) • (Y4. WI • 1)( .UI. ilH Ill. Tl I. (TH eZ) • TZI. ilH 131. T31 
DATA LO/I.3.5.1.9.Z,4.6,8.10/.IPERM/Z.3.1/ 
FAC=1./11Z0.*AREA) 
Te1.1)=16.*TI.Z.*TZ,Z.*T3)*'AC 
T(l.Z)=CZ.*Tl+Z.*TZ+ T3)*FAC 
Tfl,3)c(Z,*Tl. TZ+Z,*T3l.FAC 
T(Z.Z)=«Z.*Tl·6.*TZ+Z.*T3)*fAC 
T(2.3>=( Tl.Z.*TZ+Z.*T3l*fAC 
Tf3.3)=(Z.*Tl+Z.*TZ+6.*rJ)*fAC 
TIZ.II=TIl,Z) 
TI3.lI=TII.3) 
H3.ZI=TeZ,3) 
DO I I=I.Z 
UII,l.ll= 811.II-Z.*813.11 
UIZd")= 811.11 
Ue3.I.II' -BII.II 
UII.Z.I)= BIz.1l 
UIZ,Z,II= BIZ.II-Z.*813.11 
U 13,Z. II =-B IZoi 1 
UII.3,I)·-BI3.11 
u ( Z, 3.11 =-B !3. 11 
UI3,3,11=3.*SI3,II 
U41.4.I)=O. 
Ul2.4.I)a4.*9(3.I) 
U(3.4.I)t4.*af2,1) 
Ull.5.1'=4.*BI3.1) 
U(2,S.I)·O. 
UI3.5.1)=4.*Bl1.11 
IfILSIDES.EQ.l) GOTO 11 
00 10 ~.Z.LSIOES 
L=IPEI'IMIH' 
00 10 1-103 
00 10 1(=I.z 
UCI,M,K)*U<I.M,KJ+UCI,M·ZtK)*.S 

10 U(1.L,K)=U(I.L.K)+U(I.M'2.K)*.S 
11 002 1=1.3 

00 2 J= 1. LNODE S 
TUllltJI=O. 
TU2(I,J'~O. 
00 Z 1(01,3 
TUl l l.JlaTUII!.J'.TII.J(I*XIK.JI 
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2 TUZII.J'=TUZII.J'.TII.K'-YIK.JI 
00 S J~I.LNODES 
N=LOIJI 
L-LOIJ.51 
DO 3 N=I.3 
Ul-TUIIN.J' 
UZ=TUZIN.JI 
VIN '~XMII.I'-UI'XMI3.I'-U2 
VIN·31~XMIZ.II-UI'XNI3.Z'-UZ 
VIN'61=XMI3.II-UI·XMI3.31-U2 
WIN I=XMIZ.ZI-UZ.X04I3.21-UI 

3 W(N.3,aXM(3,Z).UZ.XMC3.3'.Ul 
DO " I=J.LNOOES 
N=LO fl I 
K"LQIl'SI 
SCN,M'=XC1,['·Xl.X(Z.I,·xz+x().I'-X)+YCl,],.x7.Y(2,1)·xa.Y(3.J'.X9 
SCM.N)=SCN.MI 
SCK.L'sYCl,I'.Y4.V(Z.I'·Y5.Y(3,I'·Y6.XCl.II.Y7.X(2.I,.YS.Xf3.I'.Y9 

4 SIL.KlaSIK.l) 
DO 5 laloLNODES 
KaLO I 1'51 
SCK,M'=YCl.['.X4.Yf2.I'.X5.YI3.I,.X6+Xll,ll.X7.XI2,J,.Xa.XI3.II.X9 

5 SIM.KI=SIK.MI 
PETURN 
ENO 

SUBkOUT INE SLceT I NIiF .NSF .NT ) 
IMPLICIT REAL-H IA-H.O-Z) 
COMMON LLJQ(800) 
COMMON IXI(3048). PX118b561. THUh PX<'1370h AREA. 8131. 

1 AIJ" XH(3.3), ST(}5.1SI, PX3(S4,. PIZI.lSI, Hfll), 
2 U(ZU, Q(J,ol, TX(3), TYI3'. HT(3). Tt3.3.3'. GlS(3,31. 
3 XS(2.2,. SCONOI15,6.4), PX4(432) 

DIMENSION IPERM(3).NKNI4.31 
DATA IPEHM/2.3.1/, NKN/Z.5.j,6. S.2,Y,J, ~.a,6.9/ 
NDFEf\,jt:JF.NSF 
TO = (T ... II).TH (2).TH (3)113. 
FAC = TO--3-AREA/ISIZO. 
00 ISO I = 1.3 
.J = IPERMII) 
K=IPEPMIJ) 
X = A(I) •• 2.~(II •• 2 
UIll • -IAIll-AIJ).!lII)-8IJ)I/X 
X =OSQIlTIX) 
HT([) E 4.0-AREA/X 
TYIII = -O.S-SCI,/x 
TXIII ~ U.5-AII)/X 
AI AII)/AkEA 
A2 : A(J)/Ak~A 

81 = BII)/AI<EA 
B2 = BIJ)/AREA 
QII.II lil-~I 
QIZ,z1 AI-AI 
0(3.11 2.-Al-~1 

QII.I')I <,.-~I-a2 
QIZ.I+3' ~.-AI-AZ 
QI3.1.)) c.-IAI-82'A2°811 
QSII.II = TO/<'O •• TM (1)/)0. 
QSIJ.KI = TJIZO.-TH (1)/120. 
OSIK.J) ~ QSCJ,KJ 
X=TH (II/TO 
Y=TH IJ)/TO 
X2=X--2 
Y2=Y--2 
XY:l:X-Y 
T(I.l.IJ=xZ-CI0.-X.6.-Y.6.'.Yl-'3.-x.Y.l.).3.-X+Y.J,-XY.l. 
TCZ.2.1,=xZ-CX.3.-Y.l.'.YZ-C6.-x.10.-Y.6.'.X.3.-Y.3.-xY.l. 
TIJ,3.I)EXZ-CX.Y+3.J.Y2-CX.Y.3.)·6.-X.6.-Y.3.-XY.IO. 
TCl,2,1)=X2-(Z.-X.J.-Y+l.5)+Y2-C3.-X.Z.-Y.l.5'.X.Y.Z.- XY •• ~ 
TCl,J.I,=xZ-.2.-X+l.5-Y.3.'.YZ-,x+.S-Y+l.)+3.-X.l.5-Y. ~.-AY.2. 

T'2.3.I'=X2-C.~-x.Y.l.'.YZ-tl.5-x.c.-Y+3.)+1.5-X.3.-Y. 2.-XY.2. 
TIZ.l,I'=T(1tZ.l, 
T(J,I,I'==Tll,3,1J 

150 TI3.Z.II=TI<.3.1) 
DOcOO 1=1.3 
J = IPERM II I 
K = IPERMIJI 
I I )-1 
JJ )-J 
jO( 3-1<. 
AI A I II 
A2 A IJ) 
A) = AIK) 
81 = 8(11 
82 81JI 
8) ~ BIK) 
UI U I I) 
U2 UI.JI 
U) UIK) 
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WI = I.-UI 
WZ = I.-UZ 
W3 = 1.-U3 
810 Z."BI 
820 =- 2.-1:t2 
B3D Z."83 
AID Z."Al 
AZD Z."AZ 
A30 Z."A3 
CZI BI-B3"U3 
CZZ -BIO'BZ".Z'B3"U3 
C31 AI-A3"U3 
C3Z z -AIO.AZ"WZ'A3"U3 
C51 .. 83".3-8Z 
C5Z 8Z0-8J"W3-81"UI 
Cbl A3"W3-AZ 
CbZ AZO-AJ".3-AI"UI 
C81 83-BZD-BZ"UZ 
C8Z 810-8J'81".1 
C91 Al-AZO-AZ"UZ 
C9Z AID-A3'AI".1 
DO ZOO ,. = 1.3 
l = b"CI-j) • N 
all QCN.II 
QZZ QCN.JI 
a33 QCN.KI 
alz aCN.I.31 
QZ3 = QCN.J.31 
Q31 .II: Q'N.K+)' 
ClZ333 .. QZ3-a33 
Q3133 = all-Q33 
PCl .II-ZI b."C-all'wZ"a33.U3"aZ3331 
PCl .11-11 CZI"QZ3,CZZ"U33-B30"aIZ.~ZD"a31 
PCl .11 I CJI"aZ3'C3Z"Q33-AJ~"QIZ'AZO"Q31 
PCl .JJ-ZI b."CQZZ'W3"U.3331 
PCl .JJ-II C~I"QZ333'83D"aZ2 
Pil .JJ I Cbl"ClZ333'A30"aZZ 
pel .KK-2J 6.-'l,+UZ,.gJ3 
PCl .KK-II C81"Q33 
PIl .KK I C91"Q33 
pel .1·9) O. 
P Cl .J'9 I I1f<JI"Q33 
PCl .K'9 1 HTCKI"QZ333 
PCl'3 .II-ZI b."CUII'U3"Cl31331 
PCl-3 .11-11 CZI"Q3133-B3D"QII 
PCl-3 .11 I" CJI"Q3133-A30"all 
PCl-3 .JJ-ZI b."I-ClZZ'UI"a33,w3"QJI331 
Pll'3 .JJ-II C51"U31'C5Z"~33'b30"QIZ-BID"aZ3 
PCl.3 .JJ 1 Cbl"a31'CbZ"Q3J'AJO"QIZ-AIO"QZ3 
PCl.) .KK-Z) b.-Cl ••• l)-U33 
PIl-3 .KK-II C8z"a33 
PCl-3 .KK 1 z C9Z"a33 
PIl.3 .1'9 1 HTCII"Q33 
PCl.) .J+9) O. 
PIl-3 .K'~ I HTCKI"a3133 
PCN'18.II-ZI Z."lall,u3"QIz.wZ"a311 
PCN'18.~K-II IldI0-8Z01"U33.C8Z"QZ3.C81"Q311/3. 
PCN'18.KK I CIAID-A2DI"~33'C9Z"QZ3.C91"QJII/3. 

ZOO PCN'18.K'~ I HTCKI"QIZ/3. 
NK = IZ - NtlF 
IF CNK.lE.OI bO TO Z40 
DO ZZO N = I.NK 
K = 13 - N 

DO ZZO l = 1.4 
J = NKNCl.NI 
IF Cl.lE.Z) C = TXCK-91 
IF Cl.GT.ZI C = TVCK-91 
DO 2Z0 I = I.n 

ZZO PCI.JI = PCI.JI • C"PCIoKI 
Z40 IFCNSF.l~.OI GOTO JOO 

DO ZbO K = 1.3 
J = K • NBF 
l :: 3-K 
Al = ACKI/AREA 
BI = BCKI/AREA 
DO Z60 I = 1.19.3 
PCI .J I PCI.l • HI 
PII'I.J I PCI'I.l 
PII+Z.J) PII+Z.l • Al 
PCI .J'31 -PCI .l-j) 
PCI'I.J'31 -I'n'j,l-j). Al 

ZbO PCI'Z.J.31 -PCI.Z.l-II' 51 
300 DO 400 J=I.NDF 

DO 340 l=19.Z1 
HCLI=O. 
DO 340 1'1=1.3 
N=(M-4)-6+l 
HeN'= TCl.l.M,.PCN,J'+YCl.2.M'.PCN+3.J'+YCl,J,M)·P(l,J' 
HCN.)'. T(Z.1.M).PCN,J)+YC2.2.M).PCN+).J)+Y{Z.).M).PCl.JI 

340 H(l '=HCl'+YCl.l,M.-PCN.J'+YC3.2.M'.PCN+3.J)+YCJ.3.M'.PCl.J) 
DO 360 N = 1.19.3 
UCN ).XMCI.II"HCNI'XMCZ.II"HCN'II,XMI3.II"HCN'2) 
UCN·II=XMCZ.II"HCNI'XMIZ.ZI"HCN·II·XMI3.ZI"HCN·ZI 

3bO UIN'ZlaXMI3.II"HINI'XMI3.ZI"MCN'II'XMI3.31"HCN.ZI 
DO 400 I = I.J 
x s: O. 
DO 380 N = I.ZI 

380 x = x • UINI"PIN.II 
STCI.JI = X"FAC 

400 STIJ.II = STCI.JI 
IFCNSF.lE.OI GOTO 1000 
DO 550 K a 1.3 
I = K • NBF 
DO 550 l = 1.3 
FAC = QSCK.l)"AR£A 
J • l • NBF 
ST C I .J I" Sf< I .J I 
STII'3.J'31 STII'3.J.31 
STII .J'31 STII .J.3) 

550 STIJ.3.1 I = STCI .J'31 
DO bOO N = I.b 
K • 15 - N 
l = K • I 
PIVOT = STIl.L1 
DO 600 I = I.K 
C = STCI.lI/PIVOT 
STCIoLl = C 
DO bOO J = 10K 
STII.JI=STII.JI-C"STCl.J) 

bOO STCJ.II=STCI.JI 
DO 700 1=1015 
00 700 J=I.b 

700 SCONDCI.J.NTI=STII.J'91 
1000 RETURN 

END 

• FAC-XS(l.1J 
• FAC-XSCZ.2) 
• FAC"XSCI.ZI 
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SUBROUTINE QOCOS IN.X.Y.Z.T) 
IMPLICIT REAL-8 IA-H.O-Z, LM~ 7/09 

THIS SUBROUTINE COMPUTES THE OIRECTION COSINES OF THE LOCAL 
ELEMENT SYSTEM OF A QUADRILATERAL IN=~) OR SINGLE TRIANGLE IN=I) 

DIMENSION XIll. Y<lh Zlll. Till 
XI Xlc"XI3)-XIN'-XII, 
YI Ylc"Y(3)-YIN'-YII' 
ZI Zlc'.Z(3)-ZIN,eZII' 
Xc XI3'.XIN)-XII,-Xlc, 
YC = YI3'.YIN)-YII'-Ylc, 
ZC ZI3'.ZIN)-ZII'-Zlc, 
51 Xl •• 2.Yl •• Z+Zl •• 2 
C = IXI-Xc'YI-Yc'ZI-Zc'/SI 
Xc E Xc - C-XI 
Yc Yc - C-Yj 
Zc Zc - C-Zl 
SI =OSQRT lSI) 
SC =OSQRT IXZ--c'Yc--c'Zc--c) 
XI = XI/SI 
YI YI/SI 
ZI ZI/SI 
Xc Xc/Sc 
Y2 Y2ISC 
ZC ZC/S2 
Til) .1 
Tic) E Xc 
T13' • YI-Z2-Yc-ZI 
T14) n 
TIS) E Yl 
T16' • ZI-XZ-Zc-XI 
TI7) • ZI 
TIS) " ZC 
T19' XI-Yc-Xc-YI 
RETURN 
E"IO 

SUBROUTINE NLOAD I X.y.Z.PI.pc.P3.01.0c.03.PE.AREA • 
1 A.B,TEMP.FAC.TH) 

IMPLICIT REAL-S IA-H.O-Z) 
DIMENSION PEI3.S,.QI3.3,.TEMPI3).THI3,.AI3).BI3' 
QIIo II =Ol-X 
QII.c,=Oc-X 
QIl.3'=I13-X 
Qlc.I'-OI-Y 
Qlc.c)"Oc-y 
Q(Z,3)aD3·Y 
Q 13.ll "Ol-Z'PI 
QI3.2)=Oc-Z·"2 
QI3.3)=03-Z'1'3 
D"AREAI24. 
DO I 1=103 
PEII.I)=lc.-QII.I)· QII.c,. QII.3)I-D 
PEII.c)"1 QII.I).c.-QII.2)' QII.31'-0 
PEII.3)=1 QII.II' QII,c).c.-1)11.3))-0 
SUMF=O. 
TP=TEMPII)'TEMPlc)'TEMPI3) 
DO 10 1 E 103 

10 SUMF = SUMF'THII'-ITP.TEMPII" 
FACT=FAC-SUMF 
DO cO 1 EIo3 
PEII.I'=FACT-BIII'PEII.I, 

20 PElc.I'zFACT-AII)'PElc.11 
RETURN 
END 
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SUBROUTI~E OVER3 LMB 7/09 
IMPLICIT REAL-a fA-H.O-Z) LMb 7/09 
COMMON/CV/NUMEL.NUPTS.NUSPTS.IBANDP,MBAND.N8LOC,NOrRE.NODES.LVECT 
COMMON/SS/IGEN.ISriEAR.JSHEAH.NRED.IHEACT.NTRUSS.ISIG 
COMMON M,N.PXI,PIIOO. 31.SII00. 3).AIIOO.IOOI. GllOOI 
OIMENSION PVIS.8S0.31 
EQUIVALENCE IPIl.IhPV 11.ltll) 
IREO=O 
M"MBAND 
N=NBLOC 
MltM-1 
00 I I-I,M 
DO I .1"1014 
A(I.J)-O. 
CALL CHOLINI) 
CALL II1NO tI •• ) 
CALL rPASS I MI 
CALL BPASS I N I I 
CALL QTAP( I-I,.,PV,Q,O 
CALL WIND «3,1) 
CALL RLOAD « l,l,PV,I,LYECT,850 
IrILVECT.EQ.II GO TO • 
DO 8 LY-I.LVECT 
PRINT 13. LV 
PRINT 11 
DO 8 K-I,NUPTS 

8 PRINT 12,K.IPVI.I.K,LVI,.I_1,NDrREI 
GO TO 20 

4 IRED"IREO.I 
CALL RESID f MI.IRED.NREO,IREACT 
If t IRED.LT.NRED I 60TO 4 

11 FORMATISHONOOE2X.2HOI Ilx.2HD2 IIX,2HD3 IIX,2H04 11X,2HOSI 
12 FORMATI14.IP;EI3.4) 
13 FORMATIIHI,2BHOlSPLACEMENTS FOR LOAD CASE IS,I7H INITIAL SOLUTION) 
20 RETURN 

END 

SU8HOUTINt FURMKIII.MI) 
IMPLICIT ~[AL-a tA-H.O-ZI 
COMMON/CV/NUMEL.NUPTS'NUBPTS.I~ANUP.M~AND.NijLOC.NDfRE.NOOt~,LvECl 
COMMON/SS/IGEN.ISHEAR.JSHEAR,NREU.IREACT.NTRUSS.ISlti 
COMMON M,N,pxl,PtlOo. 31.61100, 3I,AfIOO.IOOI.Dt~.5.201.GI201. 

I fIS.S.201 
INTEGER Q 
00 I l=ltMI 
J<=I+l 
00 1 J=I<.MBANO 
A (1,.11 "0. 
00 2 .I"!. MtlAND 

2 AIMEiAND.JI"O. 
JJ"tII-II'I~A~UP 
DO 7 II<=).I~ANDP 

Ir IIGEN.GT.OI GO TO l 
PRINT 906dKtlI 

3 READ 121 IT. IGII) d=101T1 
L 1=2S-1 T 
READ (21 IIIEtl.J.KI.I-I.5I,J=1.S).K=I.ITI 
READ 121 (t(DII,J.KI,I=1.51.J=I.SI.I<=I,ITI 
DO 7 K= 10 I T 
IX=IQIKI-JJ-I)-NOrRE 
.IX: IIK-II-NDrRE 
II=NDFRf. 
IrIIx.GE.MBANDI IX"IX-MBANO 
00 7 L=I<NDFRE 
IrIIX.EQ.JXI II=L 
LX·IX+L 
DO 7 1-1<11 
IU"Jhl 

7 AILX.MXI-OIL.I.KI+AILX.MXI 
9G6 FORMAH21.) 

RETURN 
END 
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SUBROUTINE CHOLIMI, 
IMPLICIT REAL-8 IA-H.O-Z, LM~ 7109 
COMMON/CV/NUMEL.NUPTS.NUBPTS.IBANDP.MBAND.NBLOC.NDF~E.NOOES.LVECT 

COMMON/SS/IGEN.ISHEAR.JSHEA~.NRtD.IREACT.NTwuSs.ISIG 
COMMON M.N.PXIoPIiOO. 3,.BIIOO. JloA<lOO.IOOI 
DO 11 ICHOL=IoN 
CALL FORMKIICHOL.MI, 

IF I IGEN.GT. 0' GO TO 12 
PRINT 20.ICHOL 

12 DO 5 J=IoM 
Ll=J-I 
DO 5 I=J.M 
SUM • O. 

2 IFIJoEQ.1I GOTO 4 
DO 3 L=IoLI 

3 SUM = SUMoAIJ.LI-AII.L' 
4 IFII.EQ.JI AII.JI =DSQRTIAII.J'-SUMI 
5 IFII.NE.JI AII.J'. IAII.J'-SUM'/AIJ.JI 

BEGIN DECOMPOSITION OF LOWER TRIANGLl CASE 
IF IICHOL.EQ.N' GOTO B 
DO 7 1=IoMI 
Klalol 
DO 7 J=KIoM 
K2-J-I 
SUII=O.O 
IFIKI.GT.K2' GOTO 7 
DO I> I<~KI.K2 

I> SUM - SUMoAIJ.K,-AII.K, 
7 AII.J' = IAII.J'-SUM'/AIJ.J' 
a CALL INOUTA I I.ICHOL , 

IFIICHOLoEQ.N' GOTO II 
00 10 J"'I.MI 
DO 10 IEJ.MI 
1<1-1·1 
5UM=0. 
DO 9 I<"'K 10M 

9 SUM-SUlloAIJ.I<'-AII.K' 
10 A II.J' "'-SUM 
11 CONTINUE 
20 FORNAlI15' 

RETURN 
END 

SUBROUTINE INOUTA IIGO.ICHOL' 
IMPLICIT REAL-a IA-H.O-Z' 
COMMON M.N.PXI.PIIoo.3,.BIIOO.3,.AIIOO.IOO' 
DIMENSION XIIOOOO' 
EQUIVALENCE IAII.II.XII" 
COMMON IBTA~EI LCPJIIOO,.MCPJIIOO, 

GO TO 11.3'0160 
K = 0 

DO 2 J=I.M 
DO 2 1=1.14 

K = K < I 
2 XIK' = AII.J' 

WRITEIS'LCPJIICHOL" IXII,.I=I.K' 
GO TO .. 

3 K = fit-fit 
READ 18'LCPJIICHOU' IXIII.I"'IoK, 

4 K M-fit < 1 
L = 14 < I 

DO 5 J=I.M 
DO 5 I=I.M 

K = K -
5 AIL-I.L-J' XIK' 

RETURN 
END 

SUBROUTINE FPASS I 141 , 
IMPLICIT REAL-S IA-H.O-Z' 
COMMON/CV/NUMEL.NUPTS.NUBPTS.IBANDP.MBAND.NBLOC.NDFRE.NODES.LVECT 
COMMON 1 STAPE 1 LCPJIIOO,. MCPJIIOO' 
COMMON M.N.PXI.PIIOO. 3,.BIIOO. 31.AIIOO.IOO,.QI300' 
CALL WIND I 4.3 , 
CALL QTAPl 1-2.4.P.Q.0 
DO 4 ICHOL=I.N 
CALL INOUTA I 2.ICHOL 
DO 20 LV=I.LVECT 

20 BII.LV,=PII.LV'/AII.I' 
00 2 LV=I.LVECT 
00 2 1=2.14 
K-I-I 
00 I J=I.f( 

I PII.LV'~PII.LV'-AII.J'-BIJ.LV) 
2811,LVI=PII.LV'/AII.I, 

IFIICHOL.lY.N' 60TO 4 
CALL QTAPE 1-2.4.P.Q.U 
DO 3 LV=I.LVECT 
DO 3 1=1'''1 
L=lol 
DO 3 J=L.M 

3 PII.LVI=~II.LV'-AII.J'-BIJ.LVI 
4 CALL QTAPE I 3.9.S.Q.ICHOL , 

CALL WIND 13.41 
CALL wIND I 4.1 ) 
RETURN 
END 
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SUBROUTINE S.ITCH 
IMPLICIT REAL*S CA-H,O-Z) LMe 1109 
COMMON/CV/NUMEL,NUPTS.NUBPT5,IBANDP,MBAND,NBLOC'NOr~E,NODES,LVECT 
CDMMON M,N.PXI,PCIOO, 31,81100, 3),AIIOO,IOUI 
",0 ..... /2' 
M,J~M+l 

00 1 !=t.MD 
U'"M-l'l 
DO 3 LV=hLV!:.CT 
C=PI! ,LVI 
PII.LVI=PCLI.LVI 

3 PILt.LVI=C 
MJ'"M.J-I 
00 1 .J=I,M.J 
LJ",M-.J.I 
C-AI.J.I) 
A I.J. II =A III ,L.JI 
AIL IoL.J1 =C 
COIHINUE 
14';-H+l 
DO 2 lal,MO 
U_N_!.j 
M.JaM.J-I 
J.J·I·I 
00 ii? J=.J.J,M.J 
LJaM-.J.1 
CaA (I • .J) 
AII • .J) c AIL.J,LII 
AIL.J,L11 ,. C 

2 CONTINUE 
RETIJRN 
END 

SUB~OUTINE BPASSIMII 
IMPLICIT REAL*S IA-H.O-ZI LM~ 1109 
COMMON/CV/NUMEL.NUPTS.NIJBPT5.IBANOP,MBAND.NBLDC.NOrRE,NOOES,LVECT 
COMMON 1 STAPE 1 LCP.JIIOO), MCP.JIIOOI 
COMMON M,N,pxl.PCIOO. 3).81100. J).A(IOO.IOO),Q(JOO) 
DO 1 ll=ltN 
ICHOL"N'I-ll 
CALL INOIJTA 1 Z,ICHDL ) 
CALL QTAP!:. (-J.9.P.Il,ICHOL 
CALL SWITCH 
IFIII.EIl.1! GOTO J 
00 Z LV=I.LVECT 
DO Z I=I,MI 
L=I'I 
DO 2 .J=L." 

2 PII.LV)=PCI.LVI-ACI • .J)*BI.J.LVI 
3 DO 10 LV=I,LVECT 

10 BII.LVI=PII,LVI/AII.I) 
DO 5 LV=J,LVECT 
00 5 1=2,,, 
1<=1-1 
DO 4 .J=I,I< 

4 PII,LVI=PCI,LYI-AII,JI·SI.J,LYI 
5 BII.LYI=~II.LYI/AII.II 

00 6 Lv=I,LVECT 
DO 6 I"I.M 
IZ .. M-I·I 

6 PII.LYloBCIZ.LV) 
1 CALL QTAPE I Z.4.P.Q.0 

CALL WIND (4.3 I 
RETURN 
END 



SUBROUTINE RESIO (Ml.IRED.NRED.!REACT) 
IMPLICIT REAL*& IA-H.O-Z) LNb 7/09 
COHHON/CV/NUHEL.NUPTS.NUBPTS.IBANOP.M8AND.NBLOC.NOFRE.NODES.LV£CT 
CONNON IXI12I,PX2.BIS.8S0.1,.RIS.a901 
DIMENSION VI5.aSOI 
EOUIVALENCE (R(I.I).VIl.l)) 
IF 1 IRED.NE.I) GOTD 21 
00 /I LV-I.LVECT 
PRINT 13.LV 
PRI NT II 
DO a K=hNUPTS 

a PRINT 12.K.I BIJ,K.LV) • .l=I.NOFRE) 
21 IF I NRED.EO.O) GOTO S 

DO 2 LV=ltLVECT 
CALL OLAYER I LV,O , 
CALL RLOAD 1-1.2,B.I,LY,8S0 
00 2 I"I.NUPTS 
00 2 .l=I.NDFRE 
IcBI.J.ItLYI 

2 BIJ.I,LV'=X-RI.J,II 
CALL WINO I 4,1 I 
CALL OTAPE ( 1,4.a.PXI,O 
CALL FPASS I M I ) 
CALL BPASS I HI I 
CALL OTAPE l-l.4,B.PII.O 
CALL WINO I 3.1 I 
DO 4 LV=I.LVECT 
CALL RLOAD l-l.3,v,I.I.BSO 
DO • KaltNUPTS 
00 4 LahNDFRE 

• BIL.K.LV'=SIL.K,LVI.YIL.KI 
00 7 LV= IoLVlCT 
PRINT IO.LV.IRED 
PRINT II 
00 1 K=\tNUPTS 

1 PRINT 12.K.1 BI.J.K.LVI • .J=I.NOFREI 
CALL WIND ( 3.1 ) 
CALL RLOAD 1 1.3.~.I.LVECT.BSO ) 

S DO 6 LV=I.LVECT 
IF I IRED.GE.NRED.AND.IR£ACT,6T,~ CALL OLAVER 1 LV.I ) 

6 CONTINUE 
10 FQRHATIIHI.21HDISPLACEMENTS FOR LOAD CASEI5,ISH ITERATION NO •• ISI 
II FORMAT I~HONODE 2X.2HOI IIX.2H02 Ilx.2H03 IIX.2H04 IIX.2HOS) 
12 FORNAT II.,IPSEI3 •• 1 
13 FORMATIIHI,27HOISPLACEMENTS FOR LOAD CAS~IS,11H INITIAL SOLUTIONI 

RETURN 
END 

SUBROUTINE GLAYER 1 LVtlPRINT 1 
IMPLICIT REALoe IA-H,o-ZI LMB 1/09 
COMNON/CV/NUMEL,NUPTS,NUBPTS,IBANOP,MBANO.NBLOC.NDFRE,NDDES,LYECT 
COMMON IxI(2),PXI.BIS,8S0.1).R(S,8QO).DNIS,S.20).DDIS.S.20).101201 
COMMON/SS/IGEN.ISHEAR.JSHEAR.NRED,IREACT.NTRUSS.ISIG 
CALL WIND 1 2.1 I 
DO I IsI.NUPTS 
DO I J=IoNOFRE 
RIJ.II"O. 
NUEOS=NULOC*IBANDP 
DO 7 J=I,NUEOS 
READ 121 IT.IIOIII.I-I.ITI 
L Ta2S-IT 
IF I IPRINT.EO.O READ 121 1(IDMIl.L.KI,lal.S,.L-I,SI.K=I.ITI LMB 
IF IPRINT.EO.O READ 121 IIIDDII.L,KI,I-I.S).L-I,SI,K-I,ITI LMB 
IF IPRINT.EO.I READ 12) 1(IDDII,L.KI.I-I,SI.L-I,S),K=I.IT) LMB 
IF IPRINT.EG.I 1 READ (21 IIIDMII,L.KI,I=I.S).L=I.SI.K=I,IT) LMB 
IF .l.GT.NUPTS I GOTO 7 
DO 4 II=ltH 
I=IOIlll 
IF I I.EO.J I ~OTO 3 
00 2 L=I,NDFRE 
DO l! K=ltNOFRE 

2 RIK.JI s R(K,JI'OOIL.K.ll)*U(L.I.LVI 
3 DO • LsI.NDFRE 

DO • K=I.HOFRE 
• R(K.II = RCK.II'DDIK.L.II)*B1L.J.LV) 
7 CONTINUE 

IF (IREACT.EO.O GO TO b 
PRINT 10.LV 
PRINT II 
DO S K:I,NUPTS 

SPRINT 12.K.IRIJ.KI.Jc l.NDFRE) 
10 FORMAT ( IHI.42HNDDAL FORCES INCLUDING REACTIONS LOAD CASE.IS ) 
II FORMAT ( 4H PT.12x.2HRI9X,lHR29x.2WR39X.2HR49X.2HRS 
12 FORMAT 1 14.IIx.IPSOII.4 ) 

6 RETURN 
END 



SU8ROUTINE OVER4 LM8 7/09 
IMPLICIT REAL*S IA-H.O-Z, LM8 7/09 
COMMON/CV/NUMEL.NUPTS.NUBPTS.IBANOP.MSANO.N8LOC.NOFRE.1FLAG.LvECT 
COMMON/SS/16EN.ISHEAR.JSHEAR.NRtO.IREACT.NTRUSS.ISIG 
COMMON IQI4'. NOuES. NTYPE.NOUAO. NTRI. ICISOOI. SXI5.6001. 

I PPI800.6'. OUt AOI3.41. SOI3.41. TOI3.361. TRI3.361. 
2 1013.3.41. XMOI3.3.41.THI51.TPClol. PXI(13~1. SI3l.131. 
3 PT1131. PXZI15ZI. OB151. XMI3.3'. X813.3). SMI3.31. 
4 S813.31. lTI3.3.41. GI13.3.41. ZO(3.51. GO(3.S). 
5 SCONOlI5.6.41. PX31~I.X(4).Y(41 

DIMENSION SIGNI21.SIGI3.ZI.STISI.OUZ3Ic31.0U32413241 
EOUIVALENCE lou.OU231111.IOU.OU324(111 
DATA SIGN/I •• -I.I 
CALL ~INO I 2.1 1 
CALL ~IND I 3.3 1 
CALL WINO 1 4.1 ) 
00 7 LV=I.LVf.CT 
CALL WINO 1 hI! 
IF ( NTRUSS.EO.NONEL) GOTO 56 
CALL RLOAO (-1.3.BX.I,1.800 1 

C ••••• INITIALIZE PP.THE MATRIX STORING AvERAGED MOMENTS AND STESSES ••••• 
00 I I=I.NU+,TS 
IClllcO 
00 I J=I.6 

I PP(ItJI=O. 
C ••••• SUM OVER ~U~8ER OF ELEMENTS ••••••••••••••••••••••••••••••••••••••• 

IF I ISIG .GT. 0 I GO TO 800 
PRINT 90.LV 
PRINT 93 
GO TO 56 

800 PRINT 801.LY 
PRINT 802 
NEL a a 

56 DO 50 JQcl.NUMEL 
REAO III IQ.NOOES.NTYPE.NQUAO 
IF I NOOES.GT.Z 1 GOTO 55 
READ III OUl3 
IQI31=JQ 
IF 1 LV.EQ.I I WRITE III 11<.1I11.1=1.3/tOuZ3 
GO TO 50 

5S REAO III OU3Z4 
THISI a OU 

IF I NTYPE.GT.O I READ III x.y 
00 8 l=hNOUES 
K=IQ I I I 

8 ICIKI"ICIKI'I 
IF I ISHEAR.EQ.6 I READ III SCONO 
If I NOOf.S.EQ.4 I READ 11 I S 
If I NOOES.EQ.4 I AEAO III PT 

C ••••• COMPUTE INTERIOR NODAL PT. OISPL. fOA QUAU. AND NODAL PT. OISPL. f 
C ••••• TRI. IN Elf_tNT COOHOS •••••••••••••••••••••••••••••••••••••••••••• 

If ITHISI.LT .. 0000011 GO TO 50 
If IXMQII.I.II.LT •• OOI .OR. XMQIl.Z.II.LT •• OOII GO TO SO 
CALL GOI!>PL 

C ••••• COMPUTE AND TRANSFORM ELEME~T STRESSES ANO MOMENTS •••••••••••••••• 
00 11 J=h5 

II OBIJI=THIJI··3/12. 
DO 10 NTRI-I.NQUAD 
IF I NTYPE.LE.O I CALL MEMSR 
If I NTYPE.GT.O I CALL ~EMBQ « NTRI.X,T.PT.XM.TPC I 
CALL MOMTA I 9.ISHEAA I 
DO 6 1=1.3 
00 6 J-I.3 

58 I I.J):'O. 
5MII,JI=0. 
00 6 1<=103 
SBII,JI=SSII.JI.XMQII.K.NTRII*XBIK.JI 

6 SMII.JI=SMII.JI.XMUII.K.NTAII*XMIK.JI 
K"NHH 
KK=(NTAI-U*9 
00 10 J=I.3 
L=KK·IJ-II·3 
>lS"1 
If I NS.GT.O L"KK'o 
C=TRII.l·l! 
R"TRII.L·ZI 
CSsOSQRTIC··Z·A··ZI 
C"C/CS 
R=R/C5 
Cl=C*C 
S2z R-R 
SCeR*C 
C2MSZ-CZ-5Z 
F"SM!l.JI 
GaSMIZ.JI 
H-SMI3.JI 
IFINTYPE.LE.OI GO TO 30 
ZT!l.J.K'=f 
ZTIZ.J.KI=G 

ZTO.J.KI=H 
GO TO itO 

30 ITII.J.KI=CZ*F.SZ.G-Z.*SC*M 
ZTI2.J.KI=Saff.C2*G·2.*SC*H 
ZTI3.J.KI=SC*IF-GI.C2MSZ*H 

40 f"S8!l.JI 
G=S8IZ.JI 
HaSBI3.JI 
GIII.J.KI=CZ*F·S2*G-Z.*SC*H 
GIIZ.J.KI=SZ*f·CZ*G·Z.*SC*H 

10 GI13.J.KlaSC*lf-GI.CZMS2*H 
IFINDOES.EQ.4' GOTO 13 
00 IZ J=I.3 
00 IZ l=h3 
GOII.JI=GIII.J.I,*08IJI 

IZ ZQII.JI"ZTII.J.II*THIJI 
GOTO 15 

13 00 U 1=1.3 
C ••••• COMPUTE AvERAGE MOMENTS AND STRESSES FOR QUAD ••••••••••••••••••••• 

GOll.II=IGIII.I.II·GIII.2.411*.5*OSIII 
GQII.2,=IGIII.Z.II.GIII.I.ZII*.S*08Il1 
GOII.31=IGII[.Z.ZI·GIII.I.311*.5*08131 
GQII.4IaI6111.Z.31.GIII.I.it)I*.S*DBI41 
GQII,51"(GIII.3.11'6111.3.21.GIII.3.3).6111.3.411'.2S.08151 
ZQII.II"IZTCI.I.II.lTII.2.411*.S·THIII 
ZQII.ZI=IZTII.Z.II.lTI!.I.ZI)*.S*THIZI 
ZQII.31=IZTII.Z.ZI.lTII.I.311·.S*THI31 
lQII.itl=IZTII.2.31·ZTI!.1.411*.5*THI41 

14 ZQII.51=IZTII.3.II.ZTI!.3.21'lTII.3.31'lTII.3.411*.ZS*THISI 
C ••••• AOO NOOAl PT. MOMENTS AND STRESSES IN PP •••••••••••••••••••••••••• 

IS DO 16 J"I.NOOES 
KclQIJI 
00 16 L=103 
M=L'3 
PPIK.LI=PPIK.LI·6QIL.JI 

16 PPIK.MlzPPIK.MI'lQIL.JI 
C ••••• PRINT AVERAGE MOMENTS AND STRESSES FOR QUAD ••••••••••••••••••••••• 



PRINT 101.JO 
NPT.,3 
IFINOOES.EO.41 NPT=S 

NO " I 
IFINPT.EO.S.AND.IGEN.GT.2' 

IF I ISIG .GT. 0 I GO TO 60 
00 3 L = NQ, NPT 

M"O 
IFIL.LT.SI M=IOIL) 

NO 5 

3 PRINT 20.IIGOII,JI.J-L,L).I-I,3I,IIZOII.JI.J.L,L),I=I.3I,M 
GO TO SO 

60 CONTINUE 
C ••••• COMPUTE STRESSES AT EACH NODE 

00 81 LL - NO.NPT 
00 80 11 " 102 

C ••••• TOPIII.I). BOTTOMell-Z) 
00 BO IL = 103 

60 ~1:I~L.III. ZOeIL.LLI/THILLI'IGOIIL,LL)*6./THILL)**ZI*SIGNIII) 

IF ILL.LT.S) M"'IOILLI 
PRINT 810. IISIGIIL.lll.IL-I,3).II-I.ZI.M 

810 FORMAT IIP6EII.3.I.) 
IF I LL.LT .NPTI GO TO 81 
IF ( NPT.EO.S I GOTO 82 

c ••••• ayERAGE THE STRESS RESULTANTS FOR TRI. ELEMENT 
DO BS IL " 103 
BOIll.51 '" IGOIIL.I)'GOlll,Z)'GOIIl.JII/3. 

85 ZOUL.5) .. IZOIIL,U'ZOIlL.21'ZOIlL.3)1/3. 
THIS) - ITHIII.THI21.THtJII/3. 

8Z CONTINUE 
WRITE 141 JO 
NEl '" NEL.l 
DO 83 11 - I.Z 
DO B4 IL - 1>3 

84 SIGCIl.II)-ZOIIL.SI/THI51.IGOIll.51.6./THI51 •• Z).SIGNIIII 
FACI • ISIGII.III'SIGIZ.III).0.5 
FACZ -oSORTIIISIGII.III-SIGIZ.II)).0.SI •• Z'SIGI3.II) •• ZI 
SMAX " FACI.FAC2 
SMIN .. FACI-FAC2 
TMAX = ISMAX-SMINIIZ. 
If ISMIN .EO. SIGI2.11)' GOTO 87 
ANG=- 51.295179513.0ATANISIGI3.11)/ISIGI2.II'-SMIN" 
GO TO 88 

81 ANG .. 90. 
~8 WRITE 14) S~AX.SMIN.T~AX.ANG 
83 CONTINUE 
81 CONTINUE 
50 CONTINUE 
20 FORHAT IIP6EII.3.141 

If I NTRUSS.EO.NUMEL GOTO 82!!o 
GO TO 7 

GOTO ., 
IF IIGEN.GT.ZI 

IF I ISIG .GT. 01 
PRINT 91tLV 
PRINT 92 
00 5 I=I.NUPTS 
XP=ICII) 
IF IXP.EO.O.1 
DO 4 J=h6 

GO TO 5 

4 PPII.JI=PPII.J)/XP 
PRINT IIO,I,IIPPIK.LI.L-I.6).K*I.I) 

5 CONTINUE 
1 CONTINUE 

IF I ISIG.lE.OI GOTO 824 

22>111R75 

call WINO 1 4,3 ) 
DO B22 lV = l.lvtCT 
PRINT 820.lV 
PRINT 821 
DO 8Z2 JJ~ ~ I.NEL 
READ {41 JQ 
READ (41 (ST(I).I=I.4' 
REAO(4) (ST( II oI~5,tll 
PRINT 823.JQ.ISTIII.Icl.81 

623 FORMAT 114.IP8Ell.31 
822 CONTINUE 
824 CONTINUE 

IF I NTRUSS.EI}.O I GOTO 8000 
CALL WIND ( 2.4 I 
CALL WIND I 3.1 I 

825 00 700 LV=I.LVECT 
CALL WIND ( 2,1 , 
PRINT 94.LV 
CALL RLOAD 1 -1.3,8X.l.l.tlOO 
00 600 JO=!.NTRUSS 
CALL AXIAL ( O.IQ.BX I 
IF I O.lT.O.O I PRINT 95.11.1(31.0 
IF ( O.GE.O.O) PRINT 96.IOI31.Q 

600 CONTINUE 
700 CONTINUE. 

90 FORMATI2MI .38HElEMENT STRESS RESUlANTS FOR LOAD CASE.141 
101 FORMAT (12H ELEMENT NO.14.50X.4HNODE) 

91 FORMAT 170HIAVERAGED NODAL STRESS RESULTANTS.W.R.T •• SUHFACE COORD I 
INATES,lOAD CASE.I4) 

92 ~ORMAT (sMONODE 2X.2HM2 9X.2HMI 9X.3~MI2 8X.2HNI 9X,2HN2 9X.IHSI 
93 FORMAT IIHO 2x.2HM2 9x.2MMI 9X.3HM12 8X.2HNI 9X.2HN2 9X.IHS I) 
94 FORMATIIHI7X.43HAX1Al STRtSSES FOR TRUSS ELEMENTS LOAD CASE.14 ) 
95 FORMAT ( 7X.23HAXIAl STRESS FOR MEMBER.ls.4H IS IPEI2.4. 

• 12H COMPRESSION 1 
96 FORMAT I 7x.23HAXIIIL STRESS FOR MEMBER.IS,4H IS IPEI2.4. 

8H TENSIO~ I 
110 FORMAT (I4.IP6EII.3) 
901 FORMATl30141 
801 ~ORMATIZHI .43HElE~ENT STRESSES I TOP-BOTTOM) FOR lOAD CASE.14, 
802 FORMATIIHO.2X.2HNI.9X.2HN2.IOX.IHS.8X,2HNI.9X.2HN2.9X.IHS./I 
820 FORMATI~HI ,45HPRINCIPAl STRESSES (TOP-BOTTOM) FOR LOAD CASE. I') 
821 FORMATI~HOELEM.2X.4~SMAX.7X.4HSMIN.8X.4HTMAX.~x.3HANG.8X.4HS~AX. 

.7X. 4HS~I~.8X.4rtfMAX.SXtJHA~G) 
8000 RETURN 

END 



SUBROUTINE GOISPL 
!~PL!CIT REAL"S IA-H.O-Z, LM8 7/09 
COMMON IQI4,.IXIIII.NTVPE.NQUAO.IX2180I,.815.800i.PXI14825,. 

1 TUI3.3!». TR!3.3!>,. TQC3.3.41. PX2141'. UMI5.4,. 
2 VloHS.4" tlPI ..... " PX3158" 5(31)13'. PHI3'. R203'. 
3 P139,. 015.5.4,. PX4(512) 

IP:IQ(1) 
JP=IQI2' 
KP=IQ!3' 
IF INQUAO.fCOl.4, GOTD 10 
00 II 1~1.5 
DII.I.I'-BII.IPI 
011.?I'=8II.JP) 

II 0II.3.I'=BII.KP' 
GOTO 12 

10 Llh'IQI'" 
C ••••• GROUP OISPL. OF CORNER NODES I~ P ••••••••••••••••••••••••••••••••• 

001H=103 
PIM '=TQIH.l.II*811.IP"TQIM.2.I'"SI2.IPI'TQIM.3.1'"8Il.lp, 
PIH'S I=TQIM.l.21"tlll.JPI'TQIM.2.2,oS(2.JP"TQIM.).2,"SI3.JPI 
PIM·IO)=TQIM.I.3IoBII.KP,.TQIM.2.3,oSI2.KP"TQIM.3.3'.813.KPI 
P{"+15)~TQtM.l,4)·~<1.LP).TQ(".2.4)·8(2.lP).TQf".3.4'.~(3.LP; 
DO .. M=4." 
PIM !;6IM.IP, 
PIM'S '=!lIM.JP' 
PIM·IO'=BIM.KP, 

4 PIM'15'=8IM.~PI 
C ••••• COMPUTE OISPl. AT JNTE~IOR NODeS •••••••••••••••••••••••••••••••••• 

DO 13 1=6.13 
13 Q<'III=O.o 

NOOFC " 13 LM~ 7/02 
IF ( NTVPE.GT.O , NOOFe ~ LM~ 7/02 
DO 3 I=IoNDOFC 
L=19'1 
R2(!I.PTII)/SIL·I.!) 
DO 2 K=I.L 

2 R?II).R211!-StK.I'*P(K! 
3 Ptl'ZOI=R?I!, 

c ••••• STORE ALL THREE DISPL. COMPONENT~ AT MID SIDE HODES IN P •••••••••• 
DO " 1=104 
J=0-1I*2 
":tI-II*3 
PIK.2",=RZIJ·61 

5 PtK.?11=R2IJ.71 
P(28J=IPf 31,Pf23IJ/Z. 
PI311=IP( 8).PI23),/2. 
PI3.,:IPtI3)·Pt2311/2. 
PI)71=IPIISj.PI2311/2. 

C ••••• STORt uIS~L. COMPONENTS FOR EACrl TRI. IN 0 •••••••••••••••••••••••• 
DO " 1=1.5 
o I I • 1.1) =tl I It 1 P 1 
011.2.II=Btl.JP' 
0II.4.1)=~(1·28j 

D(I.~.II·PII·251 
o ( I • 3. I p,P I I' 2 Q 1 
DII.I.21=BII.JPI 
DtI.2.Z1·1l(1.~.P) 
OIl.4.2,=PII·31l 
OfI.S.21=Ptl·28, 
o tI .3.2 I ,,~t I' 20 1 
011.1.3'=t!tl.KP! 
OII.2.31=Eltl.LP' 
0!l.4.J)=PI!·3"1 
Ofl.S.31-PII·31' 
011.3.31 =PII.ZOI 
o I I • 10 41 =Il! I • L PI 
011.2.41=tlII.IPI 
o ( I .4.41 =P I I' ZSI 
o ( I .5.41 =P t 1.34 , 

b orI.3.4'=PII'20, 
C ••••• TRANSFORM NOD~L ~T. OI~PL. TO ELEMENT COORDS •••••••••••••••••••••• 

IZ DO d K=I.NQUAD 
K~=IK-II*9 

DO 7 J=I,!> 
IFI~.LT.4' L=KK.tJ-1I.3 
U~IJ.K!=TOII.L.I'.DIl.J.KI.TOII,L.ZI*OI2.J.KI.TOII.L.3)*013.J.KI 
VMtJ.KI=TOI2.L.II.OII.~.K'.TOI2.L.2'*OI2.J.KI.TOI2.L.31*013.J.K' 
IFIJ.GT.31 GOTo 7 
I=IJ-II·3 
8PI!.I.KI=TO(3.L.II.OII.J.KI.TOI3.L'2)·OI2.J.KI.TOI3.L.31*013.J.KI 
ap(1·2.K):T~(1.L·l)*O(4.J,K).TR(l.L·2)·DIS.J,K) 
BPI!.3.KI=TRI2.L·II*OI4.J.KI·IRI2.L·ZJ·OtS.J.KI 

7 CONTINUE 
8 COIHIHUE 

DO 20 1.1.4 
J= {i-1I.2 
~=(I-I)*S 
PT IJ'll=PIK'll 

ZO PTIJ'21=PIK'21 
RETURN 
END 



SU8ROUTINE ~~MBk 
IMP~ICIT RtAL.S IA-~.O-Zl LMB 7/09 
COMMON 1~11~I.NT1PE.NQUAO.NTRI.IXZISOO).PXIISSOII.ADI3.41. 

I 8013.4), PXZC?931.TPCI6lt UM(S,41. VMIS.4). PX31J61, UI51t 
2 VI~). PX4Ib~9). XMI3.3), PXSI49B) 

C ••••• GQOUP MEMHRANE DI~PL. IN U AND V •••••••••••••••••••••••••••••••••• 
00 I I=I,~ 
UIII=UloI(l,I'ITkl) 

I VIII=VMfI.NIRI) 
C ..... MODIFY ST~AIN OISPI...· MATRIX If ELEMENTT IS A CST ................ .. 

IF(NOUAO.EQ.4) GOTO Z 
U(4)=(UI21·UI3))IZ. 
V(41=(VI21'VI3) 1/2. 
UI51=fU(II'UI3) 112. 
VI 51 " IV ( II • V (3) lIZ. 

C ••••• COMPUTE STRAINS IN X DIR •••••••••••••••••••••••••••••••••••••••••• 
Z AREAZ=-I./IAOIJ,NTRII.~O(I.NTRIII 

E=BD(I,NTRlloAREA2 
A=AOII.NTHI)·AREA2 
C=ADIl,NTRII·AREA2 
O*AO(J.NTRI)·AREAZ 
ITEST= NTRI.I 
IF 111EST.GT.41 ITEST-I 
IMI=TPC(6)·TPCINTRII 
XM2=TPC(6)·TPCIITEST) 
XM3=TPCI61·TPCI51 
XM(I.II.IUII)-UIZII·E-XMI 
XMll.21=IUIII-U(2))·E-XMZ 
IMII.31*I-UIII'UIZI'4.*I-U(4)'UISII)·(-XM3 

C ••••• COMPUTE STRAINS IN T DIR •••••••••••••••••••••••••••••••••••••••••• 
IMIZ.II=IA-Z.·01·VIII.C·VIZI-0·VI31·4.·0·VISI-XMI 
1~12,Z)=A·VII)·IC-Z.*O)·VIZI-0·VI31·4.·0·YI4)-I"Z 
XMIZ,))=-'·YII)-C.VIZI.3 •• D.VI3).4.·C·YI4) '4 •• A.YIS)-XM3 

C ••••• COMPUTE SHEAR STRAINS ••••••••••••••••••••••••••••••••••••••••••••• 
~~(3.1)=IV(I)-YI2)I·E.IA-Z.·DI·UIII.C·UI21-0·UI31.4 •• D.UISI 
XMI3.2I'IYIII-YIZII·E'A·UII).(C-Z.·01·UIZI-0·UI31'4.·0.U141 
XM(3.3I'(-YIl)'VI2)·4.·I-YI4)'YIS)))·E 

1 -A-UCl)-C-u(Z)+3.-0-UC3J-4.-C.UC4)+4.-.-U(S) 
RETURN 
END 

SUBROUTINE MOMT~ I NBf.ISHEAR I 
IMPLICIT REALoS (A-H.O-Z) 
COMMON 111171, NTRI. UZISOO). PXI18S011. AOI3.41. 11013,4" 

I PX;>13391. 8P(9,4), PX31101t RIIZI. A131, 8(3). U1310 
2 HT131. T1(3)' TVI31t Q13.61t PX41660Jo IBI3.3" 
3 P1511201. SCONOIIS,6.41. C{61. 0(3) 

DIMENSION IPERM(3).NKN!Z.3) 
OATA IPERM/2.3.1/. NKNIZ.S. 8.Z. 5.81 
00 2 1= 1.9 

2 RII),8PII.NTRII 
If I ISHEAR.NE.61 GOTo 10 
00 6 1=106 
CtI)=O. 
L= 8'1 
00 3 K:I.L 

3 CIII=CIII-SCONOI""ItNTHU-ROO 
6 RCI.9)"CIII 

QIZ)=R{2)-CI4) 
RISI=RIsl-CIS) 
RISI=RI81-Cfb) 
RI31=P(3),C<1I 
PI61=R(6)'CI2) 
R(9)=RIQ)·CI3) 

10 DO I 1= I. 3 
D(I)·O. 
6 II) =BO II .NTlH I 
All)=AO(ItNTRII 
If I ISHEAR.NE.61 GoTO 5 
DO 4 J=lt3 
OIII=OIII·dlJ)·CIJ) 
OfZ)=0121·AfJI·CIJ·31 

4 013I,DI31'AfJ).CIJ)'BIJI.CIJ.3) 
5 AREA = AI3)·6121-A(2).6131 

00 120 I = 1t3 
J " IPERMI II 
X : AfI).-Z+S1I) •• Z 
UIII • -IAIII·AIJI'8111·8IJII/X 
X =DSO"TI') 
TXII) , 0.5.AIII/I 
TYII) " -0.~o8111/X 
HT(l) = 4.U·AREA/X 
AI AIIIIAREA 
Bl " BfIltAkEA 
A2 " AIJ)/ARlA 
BZ , IHJI/AREA 
011.1) = Bl·81 
012.1) "AI·AI 
Q{3.I) 2.-.1-&1 
QI1.I+)1 = Z.·81-~2 
Qt2.I+31 2.·AI-A2 

120 Qll.I.3) 2.·IAI·82'AZ·811 
.. .. 12 - Nflf 
If IM.LE.IIl GO TO 160 
00 140 N, I ... 
K , 13 - N 
1..1 ' NI<N( ItN) 
LZ = N~NIZ.NI 

140 RIK) " IRILI).RIL21).TXIK-91'IRILI'II'RIL2'III·TYIK-91 

LMa 7109 



I~O 00 200 I" 1,3 
J = IPERNlil 
~ " IPERN(J) 
rr " 3 0 1 
JJ " JOJ 
KK 2: 3*K 
A2 " A(JI 
A3 "(10 
82 " IIIJ) 
83 " SilO 
U2 " UIJ) 
u3 " UIIO 
"2 1.-UZ 
WJ 1.-U3 
C21 -(2.'W2)*82-IZ.'U3)*83 
C22 eZ*WZ-B3*UJ 
C31 " -12 •• W2'*.2-(2.'U3)*,,3 
C32 A2*W2-AJ*U3 
C51 " 4.*~3-e2'83*"3 
e52 Bz-e3*W3 
C61 c 4.oA3-A2'43""3 
Cb2 A2-A3*"3 
C81 " 83-4.*B2-82*U2 
C82 " 8Z"U2-83 
C91 = 43-4.*42-42*U2 
C92 " AZ*U2-43 
C021 " -~2-(J"U31"1I3 
C022. 113.13.'''21"IIZ 
C031 " -A2-13.'U31"A3 
C032 " 43.13.'W21"AZ 
00 200 N" "J 
gil " Q lilt! 1 
Q22 .. QIN,J) 
g33 IJ(N,~) 

gl2 QINd'31 
QZ3 QIN.J'31 
QJI QIN'~'31 
QI " QZ2-Q33 
QZ Q22-QZ3 
Q3 " QJ3-QZl 
Q4 " QZ3.QI 
Q5 " (,)ZJ-QI 
XRIN,II l-b.*UII'3.*I(UJ-WZI"ul'IU3'WZ)*QZ311"RiI}-Z) 

1 + (b.*QZ2+J.*w3*Q4,*RfJJ-Z) • (6 •• Q3J.3 •• U2.Q5).R(K~-Z} 
Z .IICZI"QI.C22*QZJ.4."leZ*Q31-B3*QI211 "Rill-II 
3 • ICJI*QI.C32"QZ3.4."(A2*Q31-A3*0IZII "AIIII 
4 • IC51*022.C52" .. 3) *RIJJ-Il • IC61*QZZ,C6Z"Q31 "RIJJI 
5 • fC8I*Q33.C8ZO U21 oRIKK-1l • fC91*Q3J'C~2"Q21 *RI~~I 
6 • HTI~)*U4*RIK'9) • HTIJlaQS*RIJ'9)1/? 

200 X8IN,I)"-Xe(N,II-~INI/ARE4 
RETURN 
END 

SU8ROUTINE MEMBQINTRI.X,Y,P.XM,TEMPI 
IMPLICIT REAl"S IA-H.O-II lN~ 110Q 
DIMENSION X(4), Y(4), P(13), XNI3,J).TENPlb) 
niMENSION EPSX(4), EPSYl41. SS141. TTl4" lOC(Z.4) 
OATA lOC I !. _~, _~_ 3, ;tu-, 4. ____ L,r 
DATA SS /-1.,1 •• 1.,-1./. 1T /-1.,-1.,1 •• 1.1 
IFINTRI.GT.11 GO TO 300 
Ric Xli) - XIZI 
AI3 & XII. - XC3. 
Rl4 & XII. - XC41 
R23 X(21 - XIJ, 
R24 ~ X(2) - X(4) 
R34 XI31 - XI41 
ll2 = YII) - Y!2, 
ll3 YIlI - Ye31 
Z14 YCII - Y(4) 
Z23 ncl - Yl31 
lZ4 YI21 - '(4) 
134 s Yl31 - Y14, 
VOl=RI"Z24-R~"'*ZI3 
ClLl Q~5C2 C RI3,R24,ZIJ,Z24,VOl,X5,X6.X1.X8,Y5.Y6.,7,Y8 ) 
EPSXY = xsaPIII'YS*PI21'X6*P(3).Y6*PI41.X1*P(SI.Y1*PI6).xa*PI7I' 

YS*PI81 
on 206 I = I. 4 
CAll ~M5CI C SSIII,TTII),RI2,RI3.RI4,R23.RZ4,R34,ZI2.ZI3,lI4.Z23, 

Z24,Z34,VOl.XI,X2,X3.X4.XC,YI.YZ.Y3,Y4,'C.XJAC.XII •• 
<l2',XtJl,XI41.YlII.'12I,Yl31.Y(4) , 

EPSX(II " YI*PCI,.YZ*PIJ'.Y3*PCS).Y4*PC1) 
200 EPSYII) = XI-PCZI.x2*PI4j.X3"Plb)'X4-PC81 

SlAV = t EPSXCII.EPSXI2)'EPSXI31.EPSX(41 I * 0.25 
SYAV " I EPSYIII.EPSY(21'EPSY(3)'EPSYI41 I * 0.~5 

300 00 400 I=I.Z 
l = lOCII,NTRll 
XNII.II=EPSXIl'-TENP(6)*TENPIll 
XN(Z,I)"EPSYIl)-T~NPI61*TENPIll 

400 XMI3,II = EPSXY 
XMtl,31=SXAV-TEMPI61*TfNPISI 
XMt2,31-S'AV-TEMPlbl*TEMPISI 
XM(3.31 = EPSXY 
RETURN 
[NO 



SUBROUTINE QM5Cl C S.T.RIZ.HI3.RI •• RZ3.RZ •• R3 •• ZIZ.ZI3.ZI •• ZZ3. 
Z24.Z34,VOL,Xl.X2.X3,X4,XC,Vl,YZ,Y3,V4,VC,XJAC,RI,RZ, 

• R3.R4.ZI.ZZ.Z3.H I C..... THIS ROUTINE IS CALLEO BY QM5 STIffNESS AND STHESS ROUTINES 
IMPLICIT REAL*S CA-H.O-ZI lMH 7/09 
X~ RVOL'S*CR34*ZIZ-RIZ*Z341'T*CHZ3*ZI.-RI.oZZ31 
X~AC"X~/II.O 
SM=I.O-S 
SP"I.O·S 
TM=I.O-T 
TPal.O.T 
XI=(-RZ4.R34*S·RZ3*TI/XJ 
XZ=( RI3-R34*S-RI4*TI/XJ 
X3=C RZ4-RIZ*S'RI4*TI/XJ 
X4=I-RI3·RIZ*S-RZ3*TI/XJ 
n- C ~U4-Z34*S';ZZ3"Ti7XJ~ 
YZ=C-Z13'Zl4*S'ZI4*TI/XJ 
V3=C-ZZ4'ZIZ*S-ZI4*TI/XJ 
Y4=C ZI3-ZIZ*S'ZZ3*TI/XJ 
RS·O.ZS*(-TM*RI·TM*RZ·TP*R3-TP*R.1 
ZS=O.ZS*(-TM*ZI·TM*ZZ'TP*Z3-TP*Z4, 
RT=O.ZS*C-SM*RI-SP*RZ'SP*R3·SM*R41 
ZT-O.ZS*(-SM*ZI-SP*ZZ'SP*Z3'SM*Z41 
xC--Z.O*CT*SM*SP*RS-S·TM*TP*RTI/XJAC 
YC= Z.O*(T*SM*SP*ZS-S*TM*TP*ZTI/XJAC 
RETURN 
ENO 

SUBROUTINE QMSCZ I Rll.RZ4.ZI3,ZZ.,VOL.XS.X6.X1.XS.YS.Y6.Y7,VS I 
IMPLICIT REAL*S IA-H.O-II LMB 1109 C..... THIS ROUTINE IS CALLEO 8Y QM5 STIFFNESS AND STRESS ROUTINES 
V5 - Z24/VOL 
Xb ., Rl3/VOL 
Xl • R24/VOL 
Y8 = ZI3/VOL 
)(S =-](1 < 

Vb =-Y8 
Vl =-V5 
X8 =-XI> 
RETURN 
E .. D 

SU~~OUTINt A_IAl I Q.IQ.BX I 
IMPLICIT ktAl'~ IA-~.O-ZI 
CQMMON IAXI THQI41.,N6.TPCCbl.XC41.VC41.ZC.1 
OIMENSION IQ(4).~_15.8001.THQZ3(Z31 
E~UIVAlFNCt ITH~(ll.THGZ3(111 
flEAI) (ZI (IGI)) d=1.3IoTHQZ3 
XP=XIll-XIII 
VP=Yll) -Y( 11 
ZP=Z 121-Z Cli 
Q=OSQRTI XP.XP.ypoyp.ZP·Zp 
xl=xP/Q 
XZ=YP/Q 
x3=ZP/Q 
M=IQCll 
N=IIHZI 
xR=8xCI.NI-8XII.MI 
YR=BXIZ.NI-BXIZ.MI 
ZR=BXI3.NI-BXC3.MI 
Q=IXI·XH+x2*YR'~3·lRI-THQlcl/Q 
TEMP:n.~·{TPCIII'TPCIZI' 
QIzTKQlc'·TPCII>I*TE~P 
Q = 101-0. 
RETURN 
(NO 

IIPZ2413c' 
1/ 

JOH tc25S.9b'tl, •• 1)t'U-4~H TRACO~ 

IISTEPI 
1/ 
IILKEO.SM~lL7 

l/lKEO.SYSIN 

RE610N=2.u~.MSGLEVEl=II.I) 
EXEC FORTGLG. 
PAR~.LKtO=·OVlV.LI'T.LET.MAP,SIZE=(128K.24KI' 
flU uSN=O'5.~~P.ONt.uISP={ULO.~££PI 
au 

LMb 7/~9 

I~ClUDE ~"ElLlISHElL7.QTAPE.HLOAU.wlND.OVERI.SEAkCH.OVE~c.SUHSPH. X 
tiLAYEH.Q~SHEL.TRUSS,SSTIoIM~.QM~STF,OM5CI.QM~C2.ClSTIO. X 
SlCCT.QOCOS.~lOAD.OVER3.fOHM~.C"OL.INOUTA.FPASS.SWITCH, X 
HPASS,NE31D.QLAYER.uVEH •• 6UISPL.MEM8A,MOMTN,MEH&W,AXIAII 

/-

F. ~TR¥ SHtll T 
I~SERT SHILLT.WTA~~.RLDAD,WIND.QM5CI,QM5C2 
OVERLAY ALI'HA 
INStRT OVENI.SEARCH 
lIVEHlAY ALPHA 
I~SERT OVEA2,SU&S"~'~LA'ER.QOSHEL,TAUSS.SSTQM~,QM5ST~. 

CLSTIO,SLCCT.QDCOS.NLOAO 
ovrAlA' ALPHA 
INSERT OVER3.FORMK,CHOl.INOUTA.fPASS,SWITCH.~PASS,RESIu.OlAVER 
OVE.H:lAY All-lt1A 
INSERT O.ER4.GOISPl.MEMSR.MOMTR.MEMaQ.AxIAL 

//GO.FTOIFOUI 00 DS~_~FILEl.UNIT=S'SDA.SPACE=ICYL.{I.ll.RLSEI. 
/1 DISl'=INEW.~ELETEI.OCB~(8UFNO=I.RECFM=VS.LRECL=500 •• BLKSIZE=500~1 
/1&O.fT02FOOI 00 DSN=L.ILtZ.UNIT:SVSOA.SPACE=ICYl.{!.ll.RLSE" 
/1 DISP=INEW.OtlETE'.OCB=IBUFNO=I.RECF~~VS.LRECL'500',BL~51lE=50081 
I/Go.fT03FQOI Ou DSN=~FILE3.UNIT.SVSDA.SPACE=ICYL.II.I,.RLSE', 
1/ DISP=(NEw.D£LETE'.OCB=IRUFNO=I.kECFMzV5.L~ECL=500 •• 8L~SIZE=50081 
1/~O.FT04FOOI UD DSN=~FllE4.UNIT=S'SOA.SPACE=ICYL.II.I,.RL5E'. 
/1 DISP=INEw.uELETE,.DCB=IBUFNO=I.RECFM=VS.LRECL-'OO •• BLKSIlE=500SI 
I/GO.FT08FOOI 00 DS .. ='FILE8.UNITzSYSDA.SPACE~ICYL.!I.II'. 
II DISP=C~E_.DtlETEI.OCB=(8UFNO=I.RECFM=VS,LR[CL=804.HLKSIlt'~081 
IIGo.FT09FOOI 00 OSN=~FllE9.UNIT=SYSOA.SPACE=ICYL.II.11). 
1/ DISP=INt •• OElET~I.OCB=!BUFNO'I.RECFM=VS.LRECL=240 •• BLK5IlE=2.0~1 
IIGO.SYSIN tJU DATA FUR SHELLl FOLLOWS 
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