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PREFACE

A method for analyzing plane, curved girders is presented in this report.
The method combines the versatility of finite-element modeling with the effi-
ciency of direct matrix structural analysis techniques. The procedure for
describing the geometry and loading of the girder follows closely the methods
used in discrete-element beam-column modeling presented in previous reports.
It is presumed that the reader has a knowledge of matrix algebra and manipu-
lations and is acquainted with conventional procedures for analysis of curved
members. A review of Chapter 1 of Ref 4 will be of assistance in understanding
the analytical procedures described herein.

This is the twentieth in a series of reports that describe work done
under Research Project 3-5-63-56, "Development of Methods for Computer Simu-
lation of Beam-Columns and Grid-Beam and Slab Systems.'" The reader will find
it advantageous to review Research Report No. 56-1 which provides background
information on discrete-element modeling of beam-columns.

Duplicate copies of the program deck and test data cards for the example
problems in this report may be obtained from the Center for Highway Research,

The University of Texas at Austin.
William P. Dawkins

October 1970

iii



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



LIST OF REPORTS

Report No. 56-1, "A Finite-Element Method of Solution for Linearly Elastic
Beam-Columns' by Hudson Matlock and T. Allan Haliburton, presents a finite-
element solution for beam-columns that is a basic tool in subsequent reports.,

Report No. 56-2, "A Computer Program to Analyze Bending of Bent Caps' by
Hudson Matlock and Wayne B. Ingram, describes the application of the beam-
column solution to the particular problem of bent caps.

Report No. 56-3, "A Finite-Element Method of Solution for Structural Frames"
by Hudson Matlock and Berry Ray Grubbs, describes a solution for frames with
no sway.

Report No. 56-4, '"A Computer Program to Analyze Beam-Columns under Movable
Loads" by Hudson Matlock and Thomas P. Taylor, describes the application of
the beam-column solution to problems with any configuration of movable non-
dynamic loaas.

Report No. 56-5, "A Finite-Element Method for Bending Analysis of Layered
Structural Systems'' by Wayne B. Ingram and Hudson Matlock, describes an
alternating-direction iteration method for solving two-dimensional systems
of layered grids-over-beams and plates-over-beams.

Report No. 56-6, "Discontinuous Orthotropic Plates and Pavement Slabs' by

W. Ronald Hudson and Hudson Matlock, describes an alternating-direction
iteration method for solving complex two-dimensional plate and slab problems
with emphasis on pavement slabs,

Report No. 56-7, "A Finite-Element Analysis of Structural Frames' by T. Allan
Haliburton and Hudson Matlock, describes a method of analysis for rectangular
plane frames with three degrees of freedom at each joint,

Report No. 56-8, "A Finite-Element Method for Transverse Vibrations of Beams
and Plates'" by Harold Salani and Hudson Matlock, describes an implicit pro-
cedure for determining the transient and steady-state vibrations of beams and
plates, including pavement slabs.

Report No. 56-9, "A Direct Computer Solution for Plates and Pavement Slabs"
by C. Fred Stelzer, Jr., and W. Ronald Hudson, describes a direct method for
solving complex two~dimensional plate and slab problems.

Report No. 56-10, "A Finite-Element Method of Analysis for Composite Beams"
by Thomas P. Taylor and Hudson Matlock, describes a method of analysis for
composite beams with any degree of horizontal shear interaction.



vi

Report No. 56-11, "A Discrete-Element Solution of Plates and Pavement Slabs
Using a Variable-Increment-Length Model' by Charles M. Pearre, III, and

W. Ronald Hudson, presents a method of solving for the deflected shape of
freely discontinuous plates and pavement slabs subjected to a variety of loads.

Report No. 56-12, "A Discrete-Element Method of Analysis for Combined Bending
and Shear Deformations of a Beam' by David F. Tankersley and William P. Daw-

kins, presents a method of analysis for the combined effects of bending and
shear deformations.

Report No. 56-13, "A Discrete-Element Method of Multiple-Loading Analysis for
Two-Way Bridge Floor Slabs' by John J. Panak and Hudson Matlock, includes a
procedure for analysis of two~-way bridge floor slabs continuous over many
supports.

Report No. 56-14, "A Direct Computer Solution for Plane Frames' by William P.
Dawkins and John R. Ruser, Jr., presents a direct method of solution for the
computer analysis of plane frame structures.

Report No. 56-15, "Experimental Verification of Discrete-Element Solutioms for
Plates and Slabs'" by Sohan L. Agarwal and W. Ronald Hudson, presents a com-
parison of discrete-element solutions with the small-dimension test results for
plates and slabs, along with some cyclic data on the slab.

Report No. 56-16, "Experimental Evaluation of Subgrade Modulus and Its Appli-
cation in Model Slab Studies' by Qaiser S. Siddiqi and W. Ronald Hudson,
describes an experimental program developed in the laboratory for the evalua-
tion of the coefficient of subgrade reaction for use in the solution of small
dimension slabs on layered foundations based on the discrete-element method.

Report No. 56-17, '"Dynamic Analysis of Discrete-Element Plates on Nonlinear
Foundations' by Allen E. Kelly and Hudson Matlock, presents a numerical method
for the dynamic analysis of plates on nonlinear foundations.

Report No. 56-18, "Discrete-Element Analysis for Anisotropic Skew Plates and
Grids" by Mahendrakumar R. Vora and Hudson Matlock, describes a tridirectional
model and a computer program for the analysis of anisotropic skew plates or
slabs with grid-beams.

Report No. 56-19, "An Algebraic Equation Solution Process Formulated in Antici-
pation of Banded Linear Equations' by Frank L. Endres and Hudson Matlock, de-
scribes a system of equation-solving routines that my be applied to a wide
variety of problems by utilizing them within appropriate programs.

Report No. 56-20, "Finite-Element Method of Analysis for Plane Curved Girders"
by William P. Dawkins, presents a method of analysis that may be applied to
plane-curved highway bridge girders and other structural members composed of
straight and curved sectiomns.

Report No. 56-21, 'Linearly Elastic Analysis of Plane Frames Subjected to Com-
plex Loading Conditions' by Clifford O. Hays and Hudson Matlock, presents a
design-oriented computer solution of plane frame structures that has the capa-
bility to economically analyze skewed frames and trusses with variable cross-
section members randomly loaded and supported for a large number of loading
conditions.



ABSTRACT

A method for analyzing plane, curved girders is presented. The continuous
girder is replaced by an assemblage of straight, prismatic elements which are
chords of the original curve. Each straight element is considered as a grid
type member. The entire assemblage is treated as a special case of a grid
structure. Conventional matrix methods of structural analysis are used to
derive the equilibrium equations and a direct recursion-inversion solution
procedure is utilized. Flexural properties, loads and restraints are allowed
to vary at will along the girder.

A computer program which applies the analytical procedure is described.
Output information provided by the program includes all displacements of each
station, the shear in each element and the bending and torsion moments about
normal and tangential directions, respectively.

Results obtained with the program are compared with other analytical pro-

cedures and with experimental data.

KEY WORDS: computers, finite-element analysis, curved beams, girders,

matrix analysis.
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SUMMARY

A method is developed for the analysis of curved structural members. The
curvature is in a single plane, thus it is particularly suited for application
to curved highway girders. The girders are replaced mathemetically by an eas-
ily visualized assemblage of straight elements which are chords of the curved
beam.

The equilibrium equations of the structural assemblage are solved by high-
speed digital computer. Bending properties, loads, and elastic restraints may
vary freely along the member.

A computer program which applies the analytical procedure is described.
Output information provided by the program includes displacements, rotatioms,
the shear in each element, and the bending and torsion moments about normal
and tangential directions, respectively.

This report includes documentation for the development of the equilibrium
equations, a listing of the computer program with flow charts, a guide for the
use of the program, a brief comparison to test measurements, and sample prob-

lems with results.
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IMPIEMENTATION STATEMENT

A concise method for the analysis of plane, curved girders has been
developed. The method consists of replacing the curved member with an as-
semblage of straight structural elements which forms an easily visualized
structural model.

Several areas requiring additional research have been encountered during
the course of this study. One area that needs work to make utilization of
the program more convenient for the highway bridge designer would be the devel-
opment of a user-oriented data generation routine. The variable increment
length capability of the computer program may require a significant amount of
manual computation to obtain the data required as input, particularly in the
case of distributed data. The distribution procedure should be modified to
accept data which are distributed with respect to distance along the member
as well as with respect to stations as is now the case. A further modification
of the program should be to permit elastic restraints at the stations at orien-
tations other than in the global coordinate directions.

Another area that needs study concerns the determination of the effective
torsional rigidity of open cross-sections when warping effects are present.

The use of the conventional torsional stiffness parameter yields excellent re-
sults at points which are located at some distance from the point of restraint.
However, in the vicinity of the restraints, warping of the cross-sections cre-
ates additional torsional rigidity which is not accounted for by the conven-
tional term. For conventional curved highway bridge members, this effect will
be small but should be considered by the investigator when interpreting results.

This program can be put to immediate use by bridge designers for aid in ,
the analysis of curved girders which are supported in diverse ways. Connecting
diaphragms can be represented by appropriate restraints; support settlements
can be considered; and various torsional stiffmess variations can be included.

It is recommended that this program be put into test use by designers of
the Texas Highway Department to further evaluate its uses, and to investigate

needed extensions or modifications to make it acceptable to the everyday user.

xi
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NOMENCLATURE

Symbol Typical Units Definition
;i 1b/in (3 X 3) Continuity matrix
K; in. (3 X 1) Recursion matrix
B; 1b/in (3 X 3) Continuity matrix
E; ———- (3 X 3) Recursion matrix
E; 1b/in (3 X 3) Continuity matrix
Ei 1b (3 X 1) Continuity matrix
EIz in-1b/rad Flexural rigidity
fi 1b Force in Y_-direction at station m in
y.m element i
Ei in-1b,1b (3 X 1) Matrix of end forces at station m

of element i in element coordinate system

E% in-1b,1b (3 X 1) Matrix of end forces at station m
of element i in normal and tangential co-
ordinate system

Fy 1b Applied load in Y-direction

E; in-1b,1b (3 X 1) Matrix of loads applied to station
i

GJ in-1b/rad Torsional rigidity

i -——- Integer

L in. Element length

m -———- Integer

XV



xvi

Symbol
i
m , m

Mx,i’ Mz,i
n
3,

R » R

Typical Units

in-1b

in-1b

in-1b, 1b

in-1b/rad

in-1b/rad, 1b/in

in-1b/rad, 1b/in

1b/in

- -

rad, in.

rad, in.

in.

in.

Definition

Bending and torsion moments, respectively,
at 'station i of element n in element co-~
ordinate system

Moments applied to statiom i in X and
Z-directions, respectively

Integer

(3 X 1) Matrix of reactions at station i
in global coordinate system

Elastic restraints at station i against
rotation in X- and Z-directions, respec~
tively

(3 X 3) Matrix of elastic restraints at
station i

(3 X 3) Matrix relating end forces at
station m to unit displacements at sta-
tion n for element i in element coordi-
nate system

Elastic restraint at station i against
translation in Y-direction

(3 X 3) Coordinate transformation matrix
for element n

Transpose of T
o,n

(3 X 1) Matrix of displacements at sta-
tion m of element i in element coordinate
system

(3 X 1) Matrix of displacements at sta-
tion i in global coordinate system

Displacement of station m in Ym-direction
for element i

Displacement of station i in Y~direction

Global coordinate system

Element coordinate system



Typical Units

rad

rad

rad

rad

rad

rad

xvii

Angle measured clockwise about Y-axis
from X-axis to Xm-axis for element i

Angle between tangent and chord for ele-
ment i

Normal and tangential directions for ele-
ment i

Rotation of end m about Zm-axis for
element i

Rotation of station 1 about Z-axis
Rotation of end m about Xm-axis for
element i

Rotation of station i about X-axis



CHAPTER 1. INTRODUCTION

Purpose

The construction of modern highway systems has led to ever increasing
use of continuously curved or polygonally curved girders and beams. Safe and
economical design of these structural elements requires a general procedure
for determining the displacements and internal forces induced by live and dead
loading. Although the analysis of curved beams has been the subject of many
studies, no totally general analytical procedure has yet been devised. A
variety of methods have been proposed; however, these methods are limited to
special classes of problems (Refs 2, 10, and 11) or lead to highly complex
arithmetic expressions which are of practical utility only when a digital
computer is used to perform the operations (Ref 9).

Development of the digital computer and finite-or discrete-element methods
have permitted the formulation of nearly completely general analytical proce-
dures for many structural problems (Ref 7).

The purpose of this report is to present a finite-element method of
analysis for plane curved girders with all loads applied normal to the plane

of the member.

Preliminary Considerations

The basic concept of finite-element or discrete-element analysis ‘is the
formulation of a model which maintains a high degree of geometric and behav-
ioral similarity with the real structure, but which can be readily analyzed.
Models of structures curved in space have been proposed previously (Refs 1
and 8). These models replace the continuously curved member with a number of
straight segments which are chords of the curve. Obviously, the greater the
number of segments, the higher the degree of geometric similarity.

When the curved member lies in a single plane and is loaded normal to
that plane, the polygonally curved model becomes a special case of a grid type

structure (Ref 5). This type of structure can be analyzed by conventional



matrix methods of analysis and, as demonstrated later in this report by

example problems, the model responds to externally applied loads in the same

fashion as the continuously curved member. In addition, the finite-element

analysis procedure can be utilized to solve those problems which are not
susceptible to solution in closed form.



CHAPTER 2. METHOD OF ANALYSIS

Assumptions

A plane curved girder and a finite-element model of the girder are shown
in Fig 1. As stated in the preceding section, the finite-element model is a
special case of a plane grid and conventional matrix analysis techniques will
be used to determine the displacements and internal forces in the model. 1In
the succeeding derivations, it is assumed that all loads and restraints are
applied only at the intersections of the chord elements. These intersections
are referred to as the joints or stations of the girder. Stations are assigned
sequential identification numbers starting from one end of the structure. Each
element is identified by the larger of its two end station numbers.

The usual assumptions of frame analysis are maintained (Ref 4). Pri-
marily, these assumptions are that the structure is linearly elastic and that

all displacements are small compared to other dimensions of the structure.

Development of Equations

Details of the finite-element model are shown in Fig 2. Since this is a
grid structure, each joint in the model may be subjected to three external
forces or elastic restraints and may undergo three displacement components.

A free body of the ith element of the model appears in Fig 3. There
are three internal forces as shown in Fig 3(a) and three displacement com-
ponents as shown in Fig 3(b) at each end of the element. The member end
forces and end displacements (Fig 3) are related to an auxiliary, or member,
coordinate system. The Xm-axis is defined by the centroidal axis of the pris-
matic element. The Ym- and Zm—axes are the principal axes of the cross-section.
Since the member lies in the X-Z plane, it is assumed that the Ym-axis and
the global Y-axis, Figs 2 and 3, are parallel, and that the Xm-Zm and global
X-Z planes coincide. Although these assumptions limit the orientation of the

principal axes of the cross-section of the element, it is not felt that this

is a serious limitation (Refs 4 and 8).



(a) Continuous curved girder.

Rotation Restraints

Translation Restraints

{(b) Finite-element model.

Fig 1. Curved girder and finite-element model.
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Elastic Restraints

Displacements

External Forces

Fig 2. Joint details of finite-element model.
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The element end forces are related to the element end displacements by

Ref 4.

i ] [ 3 -GJ 114
M, i-1 L 0 o = ¢ 0 9.1
, 12EI  6EI -12EI  6EIX .
£ 0 zZ 2 = =5 vi g
y,i-1 L3 L2 L L i=-
. 6E1 4E1 -6E1 2E1 .
ml ) 0 5 Z 0 z z G?
z,i-1 L L LZ L i-1
= (1
i -GJ GJ i
mX,l L 0 0 L 0 0 ¢1
. -12E1 -6EI 12EI -6E1 .
et 0 z z z z o
v,i L3 L2 L3 L2 i
. 6E1 2E1 -6EI 4E1
ot 0 z z g z z gl
z,1 LZ L L2 L i
i i i

; i
Where the forces , etc. and the displacements ¢i-1 s Vi o

m. . , £
x,i-1 y,i-1
etc. are readily identified in Fig 3, and

GJ = torsional rigidity* of element 1,
L = 1length of element i,
EIz = bending rigidity of element i about Zm-axis.

The matrix equation (Eq 1) may be expressed conveniently in the form

i-1 i-1,i-1 i-1,1 i-1
()]
i i,i-1 i,i i
L - L J B A

* See Appendix 1 for discussion of torsional rigidity.



where

~i .

fm = (3 X 1) matrix of end forces at station m in element i,

=i . . . .

Sm n (3 X 3) matrix of stiffness coefficients relating element
! end forces at station m to unit displacements at station

n for element i, and
—i . .
u_ = (3 X 1) natrix of displacements of end m in element i.

Equation 2 is expanded to

=i _ =i —i o —
fia1 T Sicn,i-1%iar tSion,i% (3)
e -

i T Si,i-1%ia1 T SiLi% (4)

t
A free-body of the i h station of the finite element model is shown in

Fig 4. The conditions of equilibrium of the station are expressed by

i . i i+l
Mx’l - Rx’lﬁ - cos a,m i + sin agm, ; = cos ai+1mx,i
. i+l
+ sin ai+1mz,i = 0 (5)
i i+l
F . -S .V, -f . =-£f£7. =20 (6)
y’l y’l 1 y’l y’l
, i i . i+l
M, "R, 8 - sinom g -cosaum y o-osinoy gy
i+l _
cos @; gm ", = 0 D]
where
a = angle measured clockwise about Y-axis from X-axis to Xm-

axis for element n, Fig 3.
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These equations may be

Introducing

=3

,n

&l
]

cos ¢

sin ¢,
Of1

cOSs Q’i+1

sin o,
i

+1

cos
an

sin o
n

cos .
er

-sin .
Of1+1

€os o541

-sin @
n

COSs «
n

arranged in matrix form as

i+l
X,1

f1+1

y,i

i+l
Z,1

(8)

€))

(10)
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Ry O 0 |
R, = 0 S . 0 (11)
i y,i
0 0 R .
z,i |
and
—Q,_
i
U, = | v (12)
i i
| ®s
Equation 8 may be expressed in matrix notation as
= == = =H = i+l _
By~ R0y - Ty 5%~ Tyam®s 00 (13)
Substitution of Eqs 3 and 4 in Eq 13 yields
F -RU -T 5w -T & -1 . FHgd
i i’i o,ii,i-1"i-1 a,i 1,11 o,i+l i,i 1
- i+l A+l 0 (14)

o, i4171, i+1% 41

. . . . P41
Element end displacements ur , U, 51+1 ut

i1 i ;i > Ui (Fig 3b) are related

to the station displacements Ui-l , U, , ﬁi+1 (Fig 2) by the transforma-

tions (Ref 4)

_.]‘_ [ p—
u, = T .U,
i-1 o,ii-1
—i - =
u, = T .U,
i o,1
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—i+l _ =* =

U T Ty,

—i4+l =% -

i T Ty iaYia (15)
where

@0 = transpose (Ref 5) of Ta,n .

Combination of Eqs 14 and 15 leads to the governing equation

- i = = = i oo = <i+l=*
T .S, . ,T U, .+ (T .S, . , , . .
( a,ii,i-1 a,l) i-1 ( a,ii,i@,1 + a,i+l i,iw,i+l

= .= = =i+l =% = _ =
+R)U; + (Ta,i+1si,i+1Ta,i+1)Ui+1 = Fy (16)
Equation 16 expresses the load-deflection relationship which must be satis-

fied at every station in the finite-element model.

Solution of Simultaneous Equations

Equation 16 may be more compactly expressed as
a,U. . +b.U, +c.U. . +d, = 0 (17)

where a; Bi , and Zi are (3 X 3) matrices of stiffness coefficients
and di is a (3 X 1) vector of external loads.

Evaluation of this equation at every station in the finite-element model
leads to a set of simultameous, linear, matrix equations in the unknown dis-
placements of the stations. An efficient procedure for solution of these
equations has been discussed by Endres and Matlock (Ref 3). Only an outline
of the procedure is given here.

At each interior station i, the unknown displacement vectors Ui and

Ui+1 satisfy the equation
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U, = A; +BU (18)
if
A, = -3 .+0)tGE . +d) (19)
i iTi-1 i ii-1 i
and
B. = -5 .+b) L2 (20)
i iti-1 7 Cit ¢y

where the superscript -1 indicates the inverse of the matrix (Ref 5). Since

evaluation of Eq 17 at end station O results in a, = 0 , values of Ki and

0
Bi may be determined sequentially for each station beginning at station 0

and proceeding to the final station n. At station n evaluation of Eq 17 leads
to zero values for both Z; and 5; . Hence, Eq 18 yields ﬁ; = K; . Since

An can be evaluated from known data, a solution for ﬁ; is obtained. Other

values for displacement vectors may be obtained by back substitution in Eq 18.

Support Reactions and Internal Forces

Support reactions are obtained from the equation

6& = Eiﬁi (21)

where

61 = (3 X 1) matrix of forces in the three support springs at
station i related to the global coordinate system.

Element end forces, and f; , may be determined from known station

fio
displacements by application of Eqs 15, 3, and 4, respectively. As previously
stated, the forces obtained from these equations are related to the member

coordinate system for the straight chord element. For design purposes, it is
degirable that the internal forces be known in relation to a tangent and nor-

mal to the curved member. The element and tangential coordinate systems for
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Fig 5.

/—Originol Curved Girder

Sta, i

Normal and tangential coordinate systems for element 1i.
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the ith element are shown in Fig 5. The element end forces may be expressed

in relation to the normal and tangential coordinates by the transformation

it T TsLifia
=i I - |
fn’1 = TB’lf1 (22)
where
f,n m = (3 X 1) matrix of end forces in element i in normal and
’ tangential directions at station m,
Eé m = (3 X 3) transformation matrix of the form of Eﬁ of Eq 9
i except evaluated for angle Bm , Fig 5,
e t £ T
= ranspose 0 .
B,m pose B,m
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CHAPTER 3. THE COMPUTER PROGRAM

FORTRAN Program

The procedures described in the preceding chapter have been programmedb
for solution on a digital computer. The program is written in FORTRAN IV for
the Control Data Corporation 6600 Computer. With minor changes, the program
will be operable on other computer systems. However, no solution should be
attempted on machines operating with less than twelve significant decimal
figures in arithmetic operations. A summary flow diagram for the FORTRAN pro-
gram is given in Fig 6. Detailed flow charts and a listing of the program are
included in Appendices 3 and 4.

The input data, insofar as is possible, has the same form as conventional
beam-column data (Ref 7). The form of the input data is shown in the Guide
for Data Input in Appendix 2. The following paragraphs give the assumptions

on which the input data are based.

Description of Girder

The global coordinate system is selected arbitrarily and the geometry of
the girder is referenced to the global system. The plane of the curved girder
must lie in the global X-Z plane and one principal axis of the girder cross-
section must be parallel to the global Y-axis.

In order that as much data as possible may be generated automatically,
the girder is assumed to be composed of combinations of straight and circu-
larly curved segments. Required data for each station on the girder consist
of the station number, beginning with station zero, and the global X and Z
coordinates of the station. Station numbers and coordinates for a segment of
the girder are generated automatically at equal intervals along a straight
line between indicated end points if the segment is not designated as a curve.
For a curved section, the global X-Z coordinates of the center of the cir-
cular arc must be supplied in addition to the station numbers and coordinates

for the terminal stations of the section. Intermediate stations are generated

17
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[START]

N
|READ input data]

Generate station numbers
and coordinates

[Distribute data to stations]

[Solve for station displacements|

[PRINT station displacements)

/———"—n————4DO for each element)

Solve for element end forces
in element coordinate system

Element part of\\ No

curved section?

Yes

Convert element end forces
to normal and tangential
components

|-
'PRINT element end forces)

(ﬁETURN for new problem |

Fig 6. Summary flow chart.
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at equal arc lengths between the terminals. The included angle for any arc
o
length must not exceed 180 .
The above interpolation procedure permits the use of unequal increment

lengths.

Girder Supports and Restraints

The girder must be restrained to prevent all possible rigid body displace-
ments. Three elastic restraints may be applied to each station. These include
restraint of rotation of the joint about the global X-axis, restraint of trans-
lation of the joint in the global Y-direction and restraint of rotation of the
joint about the global Z-axis. Unyielding supports may be simulated by speci-
fying a large value of elastic restraint. Elastic restraints may be applied
to individual stations or may be distributed over a range of stations in the
same manner as the spring supports of ordinary beam-column data (Ref 7) pro-

vided that the increment length is constant within the distribution range.

Element Stiffnesses and Coordinate System

Each element of the girder between adjacent stations is assumed to be a
straight, prismatic elastic grid member. Torsional and flexural stiffnesses
are supplied related to a coordinate system defined separately for each ele-
ment. In this special coordinate system, the Xm-axis is defined by the cen-
troidal axis of the prismatic element and the Zm-axis is oriented such that
the Xm-Zm plane and the global X-Z plane coincide. 1In addition, the positive
Ym-direction is parallel to the global Y-axis. As stated previously, the
Xm R Ym , and Z&directions are assumed to be the priuncipal axes of the
element cross-section (Fig 3).

Stiffness values may be supplied for individual elements or may be auto-
matically distributed over a section of the girder by linear interpolation
between specified end stations. This automatic generation option must be
applied only over those sections of the girder having a constant element

length, otherwise erroneous stiffness values may result.

Applied Loads and Moments

Loads and moments are applied to stations related to the global coordinate

system. Forces are assumed to be positive when the vector is in the same
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direction as the positive Y-axis. Forces in the global X- and Z-directions
are not permitted. A moment about the X- or Z-axis is positive when the
vector, given by the right-hand screw rule, points in the positive X- or Z-

direction. Moments about the Y-axis are not permitted.

Input Data

Formats and additional explanatory information for the input data are
given in Appendix 2. The data for each problem are arranged in tabular form
as outlined below. Two alphanumeric cards are required at the beginning of
each data deck. These are followed by

(1) Problem Identification card with alphanumeric description of the

problem. The program terminates if the problem identification is
blank.

(2) Table 1. Program Control Data - 1 card. Each of Tables 2, 3, 4,
and 5 may be retained from the preceding problem by inserting the
code "KEEP" at the appropriate location in Table 1. The number of
cards added to each table is supplied on this card.

(3) Table 2. Station Coordinates. The station number and global co-
ordinates of each station are supplied. The number of cards added
to this table is given in Table 1. When stations are to be generated
on a circular arc, the card containing the station number and co-
ordinates of the beginning station must also include the identifier
"CURVE" and the global coordinates of the center of the arc. Addi-
tion of information to Table 2 held from the preceding problem is
not permitted.

(4) Table 3. Elastic Restraints. The number of cards in this table is
specified in Table 1.

(5) Table 4. Element Stiffnesses. The number of cards is specified in
Table 1. Care must be taken to insure that every element has been
assigned a nonzero value of flexural and torsional stiffness.
Otherwise the program will terminate.

(6) Table 5. Applied Loads and Moments. The number of cards is speci-
fied in Table 1.

As many problems may be run in succession as desired. The data coding

sheets for the example problems of Chapter 4 are reproduced in Appendix 5.

Qutput Data

All input data are echo printed as read. Output of the computed data is

arranged in Table 6 as follows
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(1) Station Displacements in Global Coordinate Directions. The
identification number, global coordinates, rotations about the
global X- and Z-axes and deflection in the global Y-direction are
printed for each station. The sign convention for the displacements

is given in Fig 2.

(2) Element End Forces in Normal and Tangential Directions. The member
end forces are initially computed related to the member coordinate
system of the element (Fig 3). If the element is part of a curved
section, the end forces are transformed to normal and tangential

directions as shown in Fig 5.

Output data for the example problems of Chapter 4 are given in Appendix 6.



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



CHAPTER 4. EXAMPLE SOLUTIONS

A variety of problems have been solved to verify the analytical procedure
and the computer program described in the preceding chapters. The results
obtained by the program are compared with closed form solutions, other numeri-
cal procedures and with experimental data. The input data and the computer

output are presented in Appendices 5 and 6, respectively.

Rectangular Bracket

The rectangular bracket shown in Fig 7 is composed of hypothetical
straight, circular cross-section members having equal bending and torsion
stiffnesses. The behavior of members of this type is not affected by warping
of the cross-section (see Appendix 1). Hence, the method of analysis des-
cribed in Chapter 2 does not introduce any further approximation and the re-
sults are identical with those obtained by application of any method of
indeterminate structural analysis (see, for instance, Ref 6).

Output data from the computer analysis for this structure are presented
as Problem CGll in Appendix 6. Although 36 stations were used to give a more
detailed determination of the deflections and internal forces, an exact solu-
tion for forces and deflections at the stations could have been obtained using
as few as three elements and four stations. In the latter case, the four

stations necessary are those labeled O, 16, 20, and 36 in Fig 7.

Semicircular Bow Girder

The pipe girder shown in Fig 8a is subjected to a uniformly distributed
lateral load. As in the previous example no warping effects are present and
the problem is readily solved by conventional methods of indeterminate struc-
tural analysis (Ref 6). The solutions obtained by the finite-element method
and by a closed form method are tabulated in Fig 8b. It is seen that excel-
lent agreement is obtained for as few as ten increments in the model. Agree-

ment is further improved when twenty increments are used.

23
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; > El, = 64

Fig 7. Rectangular bracket.
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Steel Pipe 103 inch 0.D. x

b
0.279inch W.T.
N
9
Q—
Uniform Vertical Load = 120 Ib/ft
g X
Yz
(a) Plan view, semicircular bow girder.
Point a Point b
Least PCGR Least PCGR
Work 10 Incr 20 iIncr Work 10 Incr 20 incr
Bending Moment (Ib-in)|1.440x 10% | 1.428 x10® | 1437 x10° |-3.934 x10' |-3.954x10* |-3.939x10"
Twisting Moment (Ib.-in) |-4.285 x10% |-4.385 x 10*| - 4.310 x10* ) ) 0
Vertical Reaction (Ib) [1.885x10° |1.885x10> |1.885 x10° - - -
Vertical Deflection (in) 0 0 0 -0.2176 -0.2165 -0.2173
(b) Comparison of results.

Fig 8.

Comparison of results with closed-form solution.
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Output data for this problem are included in Appendix 6 as Problems CG12
and CGl3.

Circular Arc I-Beam

The experimental and analytical results of a study of the circularly
curved I-section, shown schematically in Fig 9, are reported in Ref 10. These
data, together with the solution obtained with the method reported herein are
compared in Figs 10 and 11 for two loading conditions. It is pointed out in
Ref 9 that although the beam was encased in concrete at each end, the ends of
the beam were not completely restrained as was assumed in the analysis (Fig 9).
This is evidenced by the nonzero vertical deflection indicated at station zero
in Fig 10b. The deflections obtained by the finite-element analysis agree
well with those obtained experimentally as reported in Ref 10.

Since the ends of the beam are built in, the end cross-sections are not
free to warp. This increased stiffness results in a reduction of the angle of
twist in the vicinity of the restraint. This effect is evident in the com-
parisons presented in Fig 11. The effect of warping restraint is not consid-
ered in the finite-element analysis; hence, the twist angles indicated are
higher than those obtained experimentally. However, excellent agreement is
obtained in the center portion of the beam where the effect of the warping

restraint is reduced.

Straight Beam Solution

Since an ordinary straight beam is a special case of the grid analysis
method described in this report, the program may be used to solve a wide vari-
ety of beam problems. One particular advantage is the ability to use varying
increment lengths in describing the beam. To illustrate the use of the pro-
gram in this respect the beam shown in Fig 12 is solved and the results are
compared with those reported in Ref 7. It is seen that excellent agreement
is obtained with the previously reported procedure.

It should be noted, however, that the beam is solved as a special case
of a grid structure. As such it is expected by the program that the structure
will be subjected to the effects of moments about the X-axis even though none
are imposed by the loading system. As a consequence nominal values of torsional

rigidity (GJ) and restraint against rigid body rotation about the X-axis (RX)
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Fig 9.

N

Circular arc I-beam (after Ref 10).
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Vertical Deflaction, in.

Vertical Deflection , in.

Station
K 2 4 6 8 1o 12 14 6 1 20
AN ”~
-0
~-0.2
-0.3
~ ~ . Cualculated by PCGR
-04 S - - == == Calculated by Ref 10
- = - - Experimentai, Ref 10
-0.5
(a) Vertical deflection due to l-kip vertical load at station 10.
Station
o0 2 4 6 8 10 2 14 16 18 20
- "p—
~ . -
~ / - g
~N NS "~
/
-0l A \\\\ LS
s 7
N \ _ - / e
-021 N T — <
A N g L
N _ -~ ———— Calculated by PCGR
-0.3t — « = Calculated by Ref. |0
-~ — — = Experimental , Ret 10
—04-
-0.5.
(b) Vertical deflection due to l-kip vertical load at station 6.

Fig 10. Comparison of calculated and experimental deflections

for circular I-beam (after Ref 10).



Twist Angle ( radians )

Twist Angle (radians)

0021
0.0It
- o~ Station
00 2 4 o
-00!1
-002¢ Calculated by PCGR
— - -— Calculated by Ref I0
-0034 ° Experimental , Ref. 10
-0.04+
(a) Twist angle due to l-kip vertical load at station 10.
002+
00l 1
00 [ S 7 BN BhEN\.
-00I4
-002t Calculated by PCGR
— -~ ~— C(Calculated by Ref [0
-0.03r o Experimental , Ref. 10
-0.04~

(b) Twist angle due to l-kip vertical load at station 6.

Fig 11. Comparison of calculated and experimental twist
angles for circular arc I-beam (after Ref 2).
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4950
T 5 [ 3
T., Q (ib/sta)
Bt
Sy =2 67x10° (in/sta) \—
€1: 80010 b-in* Sy(ib/in /sta)

0 ft -t

0ft

0

\ 12,500

10 ¢

Sta O 10

20

(a) Continuous straight beam (after Ref 7).
. Detlection (in) Bending Moment(ib-in}
Station -
Ret 7 PCGR Ref 7 PCGR
0 5740x107' | S775x107" | -5035 x 1074 0
10 4713x10°2 | 4701x10°2 | 3267 x10% | 3267 x10%
20 2141 x 107" | 2143x107" | 124 x10% | LI127 x10€
30 1.298 1.29| ~9790 x10% | -9795x1D%
35 1047 1.045 ~-3335x10° | -3.347xI0°
40 53i5 x10” | 5.328x107' | -1.263 x10™* 0
Comparison of results.
Fig 12. Comparison of results with discrete-element

analysis of continuous beam.

Y
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must both be supplied. 1In the case at hand, unit values of these data were

utilized (see Appendices 5 and 6).

Curved Highway Girder

A curved girder which is similar to those used in curved highway bridge
structures is shown in Fig 13. In addition to the fixed supports shown in the
figure, it is assumed that diaphragms, parallel to the global X-axis, frame
into the girder at every tenth station beginning at station 3 and ending at
station 153. The numerical values of restraint (see Appendices 5 and 6) are
for a pair of 15U33.9 sections at each diaphragm station.

Although the wide flange cross-section is susceptible to the effects of
warping of the cross-section it is unlikely that any significant amount of
warping will be provided by the supports. Hence, the analytical procedure
described in this report may be utilized with sufficient accuracy. Restraint
against twisting of the girder, provided by the deck slab will tend to make

the results of the analysis err on the side of safety.
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r Radius = 475 ::zi
0 X
Girder
Yz
{a) Plan.
23
Station ¢ ! ?32 &2 8 % 8 09 U8 124 10 06 156
|
- e capea] |
[Moinxwin R 10in.xtin B —{ Ok inxlin R— OinxXin -y | |
Arc
Distonce _ 2t o 75 . <26f 1 55H ) B 24t |, 40
2] -
T;g:n L 36 W I35 - 36 W {60 B W 135
Fixed » ]
Supports, =1 - - -

Fig 13.

# See Text for Additional Diaphragm Supporis

{b) Elevation.

Typical curved highway girder.




CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS

Conclusions

A method for analysis of plane curved girders has been presented. The
method consists of replacing the curved member with an assemblage of straight
structural elements which are chords of the original curve. Each of the chord
elements is then analyzed as a grid member using conventional matrix methods
of structural anmalysis. The resulting equations are solved using a direct
solution on the digital computer. The program, PCGR2, has been used to solve
a number of problems to verify the method of analysis and the accuracy of the
computer program. As demonstrated by the example problems, the method is

applicable to a wide variety of practical problems.

Recommendations

Several significant areas requiring additional research have been en-
countered during the course of this study.

Of primary importance is the determination of the effective torsional
rigidity of open cross-sections when warping effects are present. The use
of the conventional torsional stiffness parameter yields excellent results at
points which are located at some distance from the point of restraint. How-
ever, in the vicinity of the restraint, warping of the cross-sections creates
additional torsional rigidity which is not accounted for by the conventional
term.

Utilization of the variable increment length capability of the computer
program described herein may require a large amount of manual computation to
obtain the data required as input, particularly in the case of distributed
data. The distribution procedure should be modified to accept data which are
distributed with respect to distance along the member as well as with respect
to stations as is now the case. A further modification of the program should
be to permit elastic restraints at the stations at orientations other than in

the global coordinate directions.
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This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



APPENDIX 1. TORSIONAL RIGIDITIES

In the derivations of Chapter 2, the relationship between the twisting

moments and angular displacements at the ends of the prismatic element is

i _ 61 i i

LI e Al COVS ) (al.1)
and

i _ el , i i

mei -1 (Piap YO (al.2)

This relationship is referred to as the St. Venant theory of torsion and is
well documented in any standard reference on strength of materials (see, for
instance, Ref 12). The factor GJ in the equations is the torsional rigidity
of the element, where G is the shear modulus of the material and the value
of J depends on the geometry of the cross-section. For example, for a solid

circular cross-section, J 1is the polar moment of inertia of the circle and

Tfra
J = T (A]. .3)

where r is the radius of circle. Values of J for other solid or closed
cross-sections are tabulated in Ref 12.

When the cross-section is composed of thin rectangular elements, such as
I or H sections, and the cross-section is free to warp out of its original

plane, the factor J may be obtained from

n
j = -:1;2 b, t3 (A1.4)
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where
n = number of plates in cross-section,
. .th
bi = width of 1 plate, and
_ . .th
ti = thickness of i plate.

This equation was utilized for determining the torsional rigidities for pro-
blem CG41 and is applicable since nu warping restraint is imposed at any
cross-section.

In the structure analyzed in problems CG31 and CG32, the ends of the I
sections were encased in concrete and warping of the cross-section was inhi-
bited. In this case the torque-twist relations expressed in Eqs Al.l and Al.2
are not directly applicable and a more complex relationship between twisting
moment and twist angle should be used (see Ref 12, Vol II, pp 255-265). How-
ever, to apply this more complex relationship, an additional unknown must be
introduced at every station; that is, the rotation of the member about the
global Y-axis. This would increase the amount of computational effort by
twenty-five percent. 1In view of the excellent comparison with experiméntal
results indicated in Figs 10 and 11 at points remote from the applied warping
restraints, the additional refinement appears to be unwarranted. A more
expedient approach appears to be to increase the conventional torsional rigi-
dity in the vicinity of a warping restraint. The amount of increase and the
region of the member to which the increase should be applied must be the sub-

jects of further study.
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GUIDE FOR DATA INPUT FOR PCGR 2
with supplementary notes

extracted from

FINITE~-ELEMENT METHOD OF ANALYSIS FOR PLANE CURVED GIRDERS

by
William P. Dawkins

June 1971
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PCGR 2 GUIDE FOR DATA INPUT - Card Forms

IDENTIFICATION OF RUN (2 alphanumeric cards per run)

| 80

i ] , 80
IDENTIFICATION OF PROBLEM (one card each problem; program stops if PROB NAME blank)
PROB NAME
| Description of problem (alphanumeric) I
i 4 " 80

TABLE 1. PROGRAM CONTROL DATA (one card each problem)

ENTER "KEEP'" TO HOLD PRIOR NUM CARDS ADDED FOR

TABLE 2 3 4 5 TABLE 2 3 4 5
. 1 1 L] 15 | 15 | 15 | 15 |
6 9 n 4 16 19 21 24 3 3% 40 45 50

TABLE 2. STATION COORDINATES (number of cards according to TABLE 1, none if preceding TABLE 2 is held.) Coordinates
are generated at equal intervals for omitted stations.

ENTER  COORDINATES OF CENIER OF

GLOBAL COORDINATES ""CURVE" CIRCIE IN GLOBAL X-Z
FOR CURVED PLANE
STA. X vA MEMBER XC ZC
[ 15 ] E10.3 E10.3 | E10.3 E10.3 |
6 10 16 23 33 56 60 70 80

SY
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Data added to storage as lumped quantities

TABLE 3. ELASTIC RESTRAINTS (number of cards according to TABLE 1).
per station (or per increment length), linearly interpolated between values input at indicated end
stations, with 1/2 values at each end station. Concentrated effects are established as full values at
single stations by setting final station = initial station.*
ENTER
) 134
IgogggTD RESTRAINTS
FROM 70 TO NEXT IN GLOBAL COCRDINATE DIRECTIONS
STA STA CARD RX Sy RZ
[ 15 [ 15 | £10.3 | _ F£l0.3 | El10.3 |
6 10 15 20 30 a0 50 60 70 80
TABLE 4. ELEMENT STIFFNESSES (number of cards according to Table 1). FElement stiffnesses®** are added to storage as

lumped quantities for each increment, linearly interpolated between values input at indicated ena stations,

with full values for all increments.
Stiffness data are interpreted as applying over a segment of the structure as indicated by the "FROM"

Twn nonzero values of stiffness must be supplied for each increment.¥¥*

"TOU

station specifications, therefore, the "TO'" station must be greater than the "FROM" station.

ENTER
"CONTD"' BENDING
IF CONTD TORS TON STIFFNESS#*
SROM TC  TO NEXT STIFFNESS ABOUT Z
STA STA  CARD GJ EIZ
[ 15 | 15 | | E10.3 [ £10.3 |
6 [1+] (K- 20 30 40 50 60

* See page 57 for separate explanation of sequencing procedure.

ek
Fekede

See page 59 for separate explanation of sequencing proecedure.
Element stiffnesses are supplied related to element coordinate systems.-

(See page 55 for explanation.)

Ly
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TABLE 5. APPLIED LOADS AND MOMENTS (number of cards according to TABLE 1). Data added to storage as lumped

quantities per station {or per increment length), linearly interpolated between values input at indicated
end stations, with 1/2 values at each end station. Concentrated effects are established as full values

at single stations by setting final station = initial station.%
ENTER
'""CONTD" FORCES IN GLOBAL
IF CONTD
FROM TO TO NEXT COORDINATE DIRECTIONS
STA STA CARD XM FY ZM
15 | 15 ] ] E10.3 E10.3 | E10.3 |
6 10 15 20 30 a0 s0 60 70 80

STOP CARD (one blank card at end of run)

*See page 57 for separate explanation of sequencing procedure.

6%
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GENERAL PROGRAM NOTES

The data cards must be stacked in proper order for the program to run.
Input in integer fields must be right justified in field.

A consistent set of units must be used for all input data - e.g., pounds and inches.

TABLE 1. PROGRAM CONTROL DATA

All "KEEP" blocks must be blank for the first problem of a run.

If Table 2 is held, no new information may be added to Table 2, If Table 2 is to be revised, it must be
supplied with all data.

For each of Tables 3, 4, and 5 the data are accumulated in storage by adding to previously stored data.
The number of cards input is, therefore, independent of the hold option.

TABLE 2, STATION COORDINATES

Stations are assumed to lie on straight lines or segments of circular curves. If columns 56-60 are blank,
the segment is assumed to be a straight line. If '"CURVE" is inserted in columns 56-60, the segment
is assumed to be a circular arc. The values of XC and ZC are Global coordinates of the center of
the circle in the Global X-Z plane. The first card of a sequence governs whether the segment is a
straight line or a circle; therefore, columns 56-80 on the last card in Table 2 are ignored.

A maximum of 50 cards is permitted in Table 2.
The maximum number of curves is 20.
The first card in Table 2 must contain the information for station zero.

The maximum number of stations in the member is 200.

TABLE 3. ELASTIC RESTRAINTS
Typical units: SY RX, RZ
1b/in in-1b/radian

Data are distributed to stations between indicated end stations according to the station-by-station
interpolation procedure shown on page 57.

1¢
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There is no restriction on the order of cards in Table 3 except that within a distribution sequence the
stations must be in ascending order. The maximum number of cards in Table 3 is 50.

The station-to-station distance must be constant within the interpolation interval indicated by the FROM-
TO stations.

TABLE 4. ELEMENT STIFFNESSES

Typical units: GJ EI1Z

1b-in2 1b-in2

Data in this Table should not be entered (nor held from the preceding problem) which would yield nonzero
values beyond the ends of the real structure.

Data in this Table are distributed according to the element-by-element interpolation procedure shown on
page 59.

The station-to-station distance must be constant within the interpolation interval indicated by the FROM-
TO stationms.

A maximum of 50 cards is permitted in Table 4.

TABLE 5. APPLIED LOADS AND MOMENTS

Typical units: FY MX, MZ
1b 1b-in

Data in this Table are distributed according to the station-~by-station interpolation procedure shown on
page 57.

The station-to-station distance must be constant within the interpolation interval indicated by the FROM-
TO statiomns.

An applied load is positive if its vector has the same sense as the corresponding Global Axis.

An applied moment is positive if its vector, given by the right-hand screw rule, has the same sense as
the Global X- or Z-Axis.

€S
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Element stiffnesses are related to a coordinate system defined separately for each element

as follows:

i+l

Joint i+l

Xm

X,Y,Z -~ Global coordinate system

y Y L2 = Element coordinate system

X = (Centroidal axis of
prismatic element

Y .z = Principal axes of element
cross section

Element must be oriented such that

Y and Y _ axes are parallel and

X -7 and X-Z planes coincide.
m m

66
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Procedure for Station-by-Station Distribution

Individual-Card Input FROM TO CONTD

STA STA ? RX Sy s + » » etc.
Case la. Data concentrated at one | 7 —» | | | 3.0 | ®
station - - - - - - - - - - - -
Case 1lb. Data uniformly distributed ~ - | S —135 | | 2.0 I | L
|15 =20 | | 4.0 | 1.0 | )
(1020 | | | 2.0 | @)
Multiple-Card Sequence
Case 2. First-of-sequence - - - - - - - (25 | [CONTD] 0.0 I 2.0 r\
) ©
Case 3. Interior-of-sequence - - - - = - | | 30 [c@nTD| 4,0 | 2.0 I<S
| [35 [con70] 2.0 | <,
Case 4. End-of-sequence - - = = - - = = | |4O | | 2.0 l |/
Resulting Distribution of Data
. 4
-3
R — 2
X _ ] —
I = : i 1 I ) T 1 I T T T ' T T T 1 I
Stotion No.: O 5 10 15 20
J— 3 —_—
N
S
y — I
57 : l 4 { ii4I| T | } I L] v T I Ll L) T L] —l
Stetion No: O 5 10 15 20

LS
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Procedure for element by element distribution

- FROM TO CONTD
Individual-Card Input
= STA  STA 2 GJ or EIZ
Case la. Data for one element - - - - - - - - - - - - - _ _ { o—1 | | 4.0 | ®
Case 1lb. Data uniformly distributed - - - - -~ - - - - - - - -I 1 —»18 | | 2.0 L ®
15 <20 | | 4.0 | @
I 5—:—10 | ] 1.0 | O
e FROM TO CONTD
Multiple-Card Sequence STA STA 2 6J or EIZ
Case 2. First-of-sequence - - - - - = = - = = - - - - - _ - . [20 ]  [CONTD] 1.0 L\

Case 3. Interior-of-sequence - - - - - - - - - - - - - - - = [ 25 |C¢IV7D| 4.0 |<S
| (“30 CoNTD] 2.0 |<
)
Case 4. End-of-sequence - - - - - - - - = - - - - « ~ - - . - | T#O | | 2.0 l_/
6 —
5 —
q4 —
3 J—
> —
|

Element No. :

Station No.: O 5 10 15 20 25 30 35 40

6S
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PROGRAM PCGR2

Goss3

|READ run identification)

N

READ problem name\w

and identification

IProblem name blank? Yes @

No

|READ program control datéj

Yes
lFirst problem of run? >>——-——————w

All keep options No

blank?
AJ Yes
-
Set up card counts PRINT error
for Tables 2, 3, 4, 5 message

READ and echo print\ @

Table 2-station
coordinates

See separate

Generate missing flow diagram
>

station coordinates

pages 66, 67,
and 68

READ and echo prinE\

Table 3-elastic

restraints

Distribute Table 3 See Ref 7 for

data to stations details of
interpolation

CALL INTERP procedure

READ and echo print
Table 4~element
stiffnesses
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Distribute Table 4
data to stations

CALL INTERP

All element
stiffnesses<\\\ No

positive? ///

Yes

READ and echo print
Table 5-applied loads

Distribute Table 5
data to stations

Solve for station
displacement by 3
wide recursion ~

inversion process

CALL SOLVER

PRINT number, coor~
dinates and dis-
placements for
each station

f_"__"IDO for each element)

l
|
I
|
|
|
l
l
l
|
|
\

Calculate element end
forces in normal and
tangential directions

CALL FORCES

]PRINT element forces?

]RE‘I‘URN for new problen |

\

PRINT error
message

D

See Ref 3 for
details of
recurgion =~
inversion
process. See
flow diagram for
Subroutine

FSUB, pages 70
and 71



PROCEDURE FOR GENERATION OF MISSING STATION DATA

I =0
™
II = T+l
READ Control Station See Fig Al,
Data JN(I), XN(I), page 68

ZN(1), CURVEN(I),
XCN(I), ZCN(I)

I =17 p—-tes
4 )

No X(2)
2(2)

i

XN(D)
ZN(I)

i

Number of Elements
in Segment
NEL = JN(I) - JN(I-1)

Is Segment Curved? Yes
CURVEN(I-1) = CURVE

No

Generate Missing
Station Data Along
Straight Line

Increments in X,Z Coords.

DX = (XN(I) - XN(I-1))/NEL
DZ = (ZN(I) - ZN(I-1))/NEL

i

DO For Each Station .
On Line J = 1 to NEL

X,Z Coordinates of Station

X1
Z(J)

il

X(J-1) + DX
Z2(J-1) + DZ

il

Segment Identifier

(,
|
|
|
|
|
Lh IDSEG(J) = I-1




66

v

Echo Print Control
Station Data and
Segment Type
Description

No ///Last Card in Table?
\ I > NCD2?

Yes

Number of Elements
in Model

NB = JN(NCD2)

1

Table 3 Input

(

Generate Missing
Station Data Along
Circular Arc

Arc Radius

RADIUS =4V/EXN(I) - XCN(I-l)]2+ [zn(T) - ZCN(I-l)]2

Chord Length of Arc

CHORD = \//[XN(I) - XN(I-l)]2+ (zn() - ZN(I-l)]2

Angle Enclosed by Arc
ANGLE = 2 % ARSIN (0.5 % CHORD / RADIUS)

Angle Enclosed by Each
Element
DANGLE = ANGLE / NEL

Direction Cosines for

Auxiliary Coord. System

CX = (XN(I-1) - XCN(I-1))/ RADIUS
CZ = (ZN(I-1) - ZCN(I-1))/ RADIUS




Do For Each Station on Arc
J =1 to NEL

Angle from Xm Axis to
Station

ANGLE = J % DANGLE

Station Coords. in Aux.
System

XPM RADIUS * COS (ANGLE)
ZPM RADIUS % SIN (ANGLE)

]

Station Coords. in Global

System

X(J) = CX % XPM - CZ % ZPM + XCN(I-1)
Z(J) CZ * XPM + CX % ZPM + ZCN(I-1)

Segment Identifier
IDSEG(J) = I-1
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Global Axis .

o Global Axis

Fig Al.

X

Sta  JN(I-1)
XN(i-1) , ZN(1- 1)

Sta lJ
x{J}, Z2(J)

Sta JN(I)
T

XCN(I-1), ZCN(I-1)

Auxiliary coordinate system for stations on circular arc.



SUBROUTIKE FORCES

Calculate Element
Length and Direction
Cosines of Element
Coord. System With
Respect to Global
Coord. System

Set Up Coord.
Transformation Matrix

Calculate Element
Stiffness Coefficients
and Set Up Element
Stiffness Matrix

Set Up Element End
Displacement Matrix
From Station Displs.

Transform Element
End Displs. to
Element Coord.
System

Is Element Part of \\L No

Curved Segment?

Yes

Calculate Radius
of Circular Arc

Calculate Sine and
Cosine of Angle
Between Tangent to
Arc and Element X

. m
Axis

69
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SUBROUTINE FSUB

)

Yes / Operating at

[

Set continuity
matrix 3£ = 0

\_ station zero?

No

Form submatrix
;1 i
s, . from §, .

i,i-1 i-1,1

—i
Transform s, |,
i,i-1

to global coords.
to form continuity
matrix Ei

Form submatrix

. s
g, , from B, ,
i,] 1,1-1

:

—i
Transform s, .
i,i

to global coords.

Operating at last \

station in girder?//—

T

Calculate element
length and direction
cosines of element
coord. system with
respect to global
system for element
to right of station

Set up coordination
transformation
matrix

)

Set submatrix
sitl oo
i,i




Calculate Normal
and Tangential
Components of
Element End Forces

|~

lReturn to PCGRZ]

@

71
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Calculate stiffness
coefficients and
set up submatrix
i+l
s, .
i,i

el 1
Transform s, |
i,i

to global coords.

-

Combine submatrices
. —it]l
s, ., and s, |
i,i i, i
and elastic restraints
at station to form

continuity matrix Ei

Form submatrix

§%+¥ from §%+}
i,i+1 i,i

—i+

Transform s, } to
i,i+1

global coords. to

form continuity

matrix ci

Form continuity
matrix di from

loads at station

[RETURN to SOLVER]
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I EaRaNatalaNalaNalalataRalal

B

oY aXNakanalakataRakataRaXaaXakakalalalaNaRaNaRaNaN o aYaRa N aFaNaRaXaRalNatael

=—===TH1S PRUGRAM wiLL OPERATE ON EITHER CDC6&0C0 OR

PRUGRAM PCGR 2 LINPUT»OUTPUT)

ANALYSIS OF PLANE ELASTIC CURVED LINES TREATED AS AN ASSEMBLAGE
OF GRID MEMRERS - wWPD

1BM360/50 SYSTEMS.
THUSE CARDS NEEDED TO UPERATE ON THE [BM360/50 ARE INCLYUDED AS
FOLLUWING COMPANION CARDS TO THE (DC CARDS AND HAVE A C 'IN COLUMN
ONE AND THE SYMBOLS IBM IN COLUMNS 78 THRU BOe OTHER ADDITIONAL
CARDS SUCH AS THE SELECTIVE DOUBLE PRECISION STATEMENTS ARE AL SO
TAGGED WITH 1BM AND NULLED WITH A Ce¢ WHEN CONVERTING TO THE
1BM360/50 SYSTEM, THE COMPANION CDC64600 CARDS SHOULD BE RETAINED
AND NULLED w!TH AN ADDED C.

NOTATION
Alsslry Bles}
AAteds BBI»)s CC(ei

RECURSION COEFFICLENYS
CONTINUITY COEFFICIENTS

ANGLE ANGLE N ARCy ANGLE TO STATIONM
CHORp CHORD LENGTH FOR ARC
CORTD COMPARISON PARAM

CONT3y CONTA, CONTS CONTINUATION CODE FOR DATA DISTRIBUTION
CURVEN( s CID CODE TO IMDICATE CURVED SEGMENT FO GIYRDER

Cxs €2 DIRECTION COSINES
DANGLE ANGLE INCREMENT

DD(»} COMTINGITY COEFFICIENTS
Lxs DI COORDIMATE IMCREMENTS

E12()» EIZNG)
Fu

FORCE(y)
FYU)e FYNC)
GJdlly GINDD

FLEXURAL STIFFNESS

DUMMY VARIABLE
ELEMENT END FORCE

APPLIED FORCE Ik ¥ DIRECTION

TORSION STIFFNESS

I Js Ju INTEGER INDICES

1010y 1020 ALPHANUMERIC RUN AKD PROSB DESCRIPTION
IDSEGEIY 1S5EG SEGMENT 1DENT MmO

1MEM ELEMENT MO

INI3,s INIWs INIS INITIAL STATION [N DATA DISTRIBUTION
INL3, INL&s [NLS FIMAL STATION [N DATA DISTRIBUTION
15TA 5TA KUMBER

18TART e I5TOP IRITIALs FINAL STATIONS IN SEGUENCE
1TESY COMPAR[SON PARAM

JNL) INPUT STATION NUMBER

JNUM STA NO

REEP COMP AR SON PARAM

KEEPZ+KEEP3.KEEP4  CODE TO HOLD PRECEDING TABLE

LsM DISTRIBUTION TYPE PARAM

MAX COUNTER

LT: NO ELEMENTS IN MODEL

HCDZ W NCDB«NCD# WNCDS NO CARDS ADLED TO TABLE
NCIZeMCIBMC14+NCES INITIAL CARU COUNTER FOR TABLE
RCTZsNCTIoRCTS eNCTS TUTAL NO CARDS IN TABLE

NEL NUMBER OF ELEMENTS IN SEGMENT

NEW COMPARISON PARAM

0TAGY

TAGY
07AGY
OTAGY

TAGY
QTAGY
OTAGY
OTAGY
DTAGY
CTAGY
BTAGY
BIAGY
OTAGY
OTAGY
0TAGS
Q7AGY
0TAGY
O7AGY
0TAGS
QTAGY
OTAGY
07AGY
0TAGY
07AG9
OTAGY
DTAGY
OIAGY
OTAGY
CTAGY
DIAGY
07TAGY
OIAGY
OTAGY
OTAGS
OTAGY
OTAGY
QTAGY
07AGY
OTAGY
0TAGY
0TAGY
QTAGY

el N el ol ol N N N N N N N N o N N o A RARAIANALA]

L OIMENSION PARAM OTAGY

LIS COMPARISON PARAM 0TAGR

hJ MAX NO STATIONS IN MODELes DIMENSION PARAM 0TAGY

NPROUY PROb NAME 07AGY

NT TABLE NO 07AGY

RAUIUS ARC RADIUS OTAGS

RTte} COORD TRANSFORMATION COEFFICIENT OTAGY

RX{)s RXNL} ELASTIC ROTATION RESTRAINT ABOUT X AXIS  OTAGY

RZUYs RZN() ELASTIC ROTATION RESTRAINT ABOUT 2 AXIS 0TAGY

S8 ELEMENT STIFFNESS COEFFICIENT 0TAGY

SINEs COSINE TRIG FUNCTIONS TO TRANSFORM ELEMENT FORCESQTAGY

TYU)s SYND) ELASTIC TRANSLATION RESTRAINT IN Y DIR OTAGS

1F DUMMY VARIABLE OTAGY

Xi)s 28 GLOBAL COORDINATES OTAGY

XCNI)y ZCN{3s XCv 2CCOORDINATES OF ARC CENTER 0TAGY

XLs XLoo XL3 ELEMENT LENGTH, SQUARED, CUBED 07AGY

XM}y ZMI) APPLIED MOMENTS 07AGY

Xhidy ZNU} IWPUT STATION COORDINATES 07AGY

XPM, IPM AUXILIARY STA COQRDS VTAGYS

{1y wisils wiKl} STATION DISPLACEMENTS 0TAGY

ZERG COMPAR | SON PARAM QTAGY

AEsRaNUTAT [ON TAGY

TAGY
----- ool PRECISION LECK QTAGSIBM
IMPLICIT REAL®B ( A~HeQ~2 1 OTAGY I BM

TAGY

CUIMERSION A{203,3+10 5 B(2034343)¢ CONT3(50), CONT4{50)s CONTS(E0)+07AGY

1 CURVENL20)y EIZ1203)y EIZKE501s FORCEtGells FYU{2031), OTAGY

s FYH(501s GJU203)e GJIN{BUs IDLta0F ID2(201» (DSEG(2031+07AGY

3 INE3(50)s INLGIB0). INISES0), 07AGY

3 INL3(50) s INL&(S01e INL5t50), JN(S0)s RX{Z03}e RXN(50), OTAGY

L3 RZI(2031s RZNISLYy SYT202)s SYM(SUYs X{2031s XCN120), OTAGR

5 XME203Fy AMNESGIs XR{SO)s 212033, 2CH(20)s ZM{202), OTAGY

6 IMN(SUYs INI5UL s WI20343) OTAGY

TAGY

NJ » 203 OTAGY

Rl = 5¢ 07469

UATA 1T65Ts NEws CURVEs KEEP /7 4H » 4HNEW » GHCURVs 4HKEEP 7 DTAGY

VATA LONTD / 4HCONT / OTAG9

luuy FORMAT ( 2vA4 ) 07AGY

1001 FORMAT F1OY v 80Xy LOHIw———~TRIM ) 22410

luv2 FURMAT S2M PROGRAM PCGR2 =~ DECK 1 - DAWKINS 22400
1 28H REVISION DATE 22 JulkY 1970 JREV]ISED

low3d FURBAT ( 5X» 20A4 OTAGY

1vut FORMAT (/77 9M FROBs /s SXs 20A4 ) 0TAGY

TuuS FURMAT | 5Xa 4 Ady 1X )y 2Xo &l5 } 0TAGY

LUUOOFURMAT (/7/35H TABLE 1 - PROGRAM CONTROL DATA OTAGY

1 / L4X» 20M TABLE NUMBER CTAGY

2 /  AbXy 25w 2 3 4 5 0TAGY

3 s/ 26H PRIOR~DATA OPTIONSy 19Xs &l Aky 2X 1y 0TAGY

4 / 380 NUM CARDS INPUT THIS PROBLEM, &xs 416 !} 0TAGS

1UUTUFURMAT (/77 34H TABLE 2 ~ STATION COORDINATES 0TAGY

1 /7% 5Xe  A5H STA GLOBAL COORDINATES U7AGY

2 264 SEGMENT TYPE AND DATA 0TAGY

3 fr DRy HbMH X 2 107AGY

1uvs FuRmAT ( Lbr USING DATA FROM THE PREVIOUS PROBLEM 1} QTAGY

St



1uu9 FORMAT t 5Xs I5s 5Xv 2E10.3s 20X A&, 1X» 2E1043 ) 07AGY

1ULLOFORMAT ¢ 45X, -7AGY

1 134 STRAIGHT ) 0TAGY
CLULL FORMAT {1UXs [5s 5X» 1P2D1243 ! 07AGY 18M
1011 FORMAT (10Xy ISy 5Xs  2E12e3 } 060C9COC

10120FORMAT ( 46X 07AGS

1 30H CURVE 1d z¢ 07469
C 2 4 55X, 1P2D1243 ) 0TAGSIBM
2 /s 55Xy 2€1243 ) 060C9COC

1U130FURMAT (/47391 TABLE 3 ~ ELASTIC RESTRAINTS 07AGY

1 //v 5Xe 49K FROM TO CONTD RX sY RZ  /107AGY

1uls FORMAT (5Xs46h USING DATA FROM THE PREVIOUS PROBLEM PLUS ) 07AGY

1015 FURMAT ( / 25H NONE 1 07AG9

1616 FORMAT { 5Xy 215, A4»s 1Xs 6EL0.3 } 07AG9
C1ul? FURMAT (10Xs 214, 1X» A4y 1Xs 1P6D1143 ) OTAGY IBM
1G17 FORMAT (10Xw 214y 1Xs Aby 1Xy  6EL143 ) 0TAGICOC

1GLBUFURMAT (///50H TABLE 4 - ELEMENT STIFFNESSES 07AGY

1 /4y 5X» 4OH FROM TO CONTD GJ iz 4107469

LU19CFORMAT (///40H TABLE 5 - APPLIED LOADS ARD MOMENTS 0TAGY

1 /75 S%e  48H FROM TO CONTD XM FY M /10TAGY

1020 FORMAT (///17H PROB (CONTD}s /1 5Xs 20A4 } 07469

LUZ1IGFORMAT (777258 TABLE 6 - RESULTS 0TAGY

L /7s 2Xs ATH STATIUN DISPLACEMENTS IN GLOBAL COORDINATE 22410

F 15H DIRECTIONS 074G

3 //» 2X»  4OH STA GLOBAL COORDINATES 22410

4 BXs 20H DISPLACEMENTS 07AGY

5 /s 2Xs 51H X z X ROTATION 22JL0

6 30H ¥ DEFLECTION  Z ROTATION ) 07AGS
€1022 FORMAT ¢ 7X, 15, 1P2D12.3+ 3Xs 3D14.3 ) 2zJL018M
1u22 FORMAT { 7Xs IS5, 2E12.3s 3Xs 3E14e3 ) 22JL0CDC

10230FORMAT (7/725H TABLE = 6 [CONTD) 07AGY

1 /7» 2X» 4BH ELEMENT END FORCES IN NORMAL AND TANGENTIAL 2240

2 15H DIRECTIONS 07AGY

3 s/v 2Xe 45H ELEM ENDCI-1) 22JL0

4 250 ENDLL) 07AGS

5 /s ZX» 48H NO TWISTING SHEAR BENDING 22410

6 35H  TWISTING SHEAR BENDING 07469

T /s 2Xs 48H (1 MOMENT FORCE MOMENT 22410

8 < 35H  MOMENT FORCE MOMENT 7y 07AGY
CLuU24 FORMAT & 7Xs 15, LP6D1243 ! 2z2JL018m
1024 FORMAT ( X,y 15, 6E12+3 ) 2z2JL0CDC

C 7469

S LEFINE TEST PARAMETERS 07AGY

c TAGY

NiL =0 07469

ZERU = GO 0TAGY

c TAGY

I PROGRAM AND PROBLEM LUENTIFLCATION 07AGY

< 1AGY

REAC 1000v € 1DL{I}e L = 1s 40 ) 07AGY
CALL TIC TOC (1) 09JA0CDC

10 READ 1000« NPROBs t ID2¢Lis L = 14 19 07AGY

If { NPROB +£Qe ITEST } GO TO 999 07AGY

PRINT 1001 22JL0

PRINT 1002 . OTAGY

PRINT 1003s 1 1D1(L}s § = 1s 40 7 07AGY

o
1

19

v
30

40

50

[

70

130
lay

PRINT 1v04s NPROBs ( 1D2(1)s 1 = 1+ 19 1}
INFUT TABLE 1. PRUGKAM CONTROL DATA

READ 1Uv5s KEEPZ, KEEP3s KEEP4, KEEPS.
NCDZ o NCD3 » NCD& s NCDS

PRINT 1vube REEP2s KEEP>s KEEP4, KEEPS,
NCDZ ¢ NCD3 » NCD4 s NCDS

TEST ALL HULD OPTIONS BLANK FOR NEW PROBLEM
if NEW +EQ, ITEST 1 GO TO 20

i
IF { KEEPZ .EQs KEEP } GO TO %00
IF U KLEP3 LEQ. KEEP ) GQ T0 900
{
(

LF KEEP4 JEGe KEEP 3 GO TO 900
IF KEEPS LEQs KEEP } GO TO 900
NEw = [TEST ;
IF { KEEPZ ,EGe KLEP } GO TO 30
IF { RCDZ +LTs 2 1} GO TO 901
GO 70 40
IF ( NCD2 JNE« NiL } GO TO 902
IF { KEEP3 .EGe KEEP ) GO YO 50
HCE3 = )
NCT3 = NCD3
G0 TO 60

NCI3 = NCT3 + 1
NCT3 = NCT3 + NCD3
IF ¢ NCT3 JEGe NIL 3 GO TO %03

IF « KEEP4 JEWe KEEP ) GO TO 70
NCl4 = )
NCT4 = NCD4

Gu To 1w

NCl4 = NCTA + )
NCT4 = NCT4 + NCD4

IF ( KEEPS +EQe KEEP ) GO T0 110
RCI5 = 1
KCTS = NCDS
wu TG 120
NCES = NCTS + )
wCT5 = NCT% + HCDS

READ» ECHU PRINT AND DISTRIBUTE TABLE 2 = STATION COURDINATES
PRINT 1907

IF { KEEPZ oNE. KEEP ) GO TO 130
FRINT 108

wl TO 235

I =0
I+ 1

i =

READ 1009s JNLLY}, XN(l)s

iF t 1 oGT. 1 } GO TO 150

Xe2}
2121}
U TO 190

XN(12
ZN{L}

ZNT1)s CURVEN(T) s XCHCL)s ZONTL)

QTAGY

TAGY
CTAGY

TAGY
07TAGY
QTAGY
07AGS
QTAGY

TAGY
07AGY

TAGY
Q7AGY
QTAGY
CTAGY
07AGY
DTAGY

TAGY
OTAGY
O7AGY
QTAGY
07AGY
QTAGY
OTAGY
CTAGY
07469
QTAGY
Q7AGY
0TAGY
07469
VTAGY
07AGY
07AGY
07469
Q7469
QTAGY

TAGY
OTAGY
QATAGY
OTAGS
OTAGY
OTAGY
QTAGY

TAGY
Q7AGY

TAGY

TAGY
OTAGY
07AG9
Q7AGY
0TAGS
07469
QTAGY
[sgf.c3]
QTAGY
07TAGY
07469

9L



150 KNEL = UN(I) - UN(1-1)
IF € NEL oLTe 1 } GO TO 904
DENOM = NEL
iF U CURVEN(I-1) +Ewe CURVE } GO TO 200

C
(=== STRAJGHT SLGMENT - GENERATEL STATION COORDINATES
C
160 DX = t XN{l) — XNUI-1) ) / DENOM
DZ = ( ZN¢l) = ZN(1-1) ) / DENOM
ISTART = JUN(]-1}) + 3
ISTOP = JN(1) + 2
LC 170 0 = ISTART, 1STOP

XtJ) = xtJ-1) + DX
Z(Jy = 2(9-1) + D2
IDSEG(J) = 1 - 1
170 CONTINUE
180 PRINT 1010
190 PRINT 1011y JN(I)s XN(I1)s
IF (1 oLTe NCDZ2 ) GO TO 140

IN(])

GO TO 230
C
C=—=—- CURVED SEGMENT — GENERATE STATION COORDINATES
C
C SOULVE FOR ANGLE BETWEEN RADI1 THROUGH STATIONS JUN(l=1) AND JUNCI])
C
2v0 DX = XN(l} = XCNLi-1)
DZ = ZN(1) - ZCNGI-1)
C RADIUS = DSQRT (L DX ®# DX ) + ( DZ = DZ )
FLE = DX * DX + DZ * DZ
RADIUS = SQRT ( FLE )
DX = XN(I1) - XN(]-1)
DZ = IN(]) = ZN(l-=1}
C CHORD = DSQRT ({ Dx * DX ) + ( DZ * DZ )}
FLE = DX ® Dx + DZ * DZ
CHORD = SQRT ( FLE )
C ANGLE = 2o * DARSIN ( 0e¢5 * CHORD / RADIUS )
FLE = 0.5 * CHORD 7/ RADIUS
ANGLE = 2+ ® ASIN ( FLE )
DANGLE = ANGLE / DENOM
C
C—=m== ESTABLISH DIRECTION COSINES FOR X' AXIS WRT X-Z AXES
C
CX = { XNtl=1) = XCNUi-1) ) 7 RADIUS
CZ = { ZIN(1=1} =~ ZCN(I-1) ) / RADIUS
C
C—===- CHECK FUR CW OR-CCW GENERATION REUUIRED
C
o} IPM = =CZ ® { XN(]} = XCN(I-1) )
1 + CX ® ( IN(l)} = 2CN{(I-1) )
IF ( ZPM «4LTe. 040 ) GO TO 202
SIGN = 140
GO TO 204
202 SIGN = = 10
C
Cr=—== GENERATE CUURDINATES OF STATIONS ON CURVE WRT XYZ SYSTEM
C

07AGY
0TAGYS
07AGY
OTAGY
TAGY
0TAGY
TAGY
07AGY
OTAGY
QTAGY
0TAGY
07TAGY
07AGY
CTAGY
07AGY
0TAGY
07AGY
07TAGY
OTAGY
0TAGY
TAGY
07AGY
TAGY
07AGY
TAGY
07AGY
07AGY
O7AGSIBM
030C9CDC
030¢9CDC
OTAGY
07AGY
0TAGY9IBM
030C9¢CDC
030C9CDC
OTAGY18M
030C9CHC
030C9CDC
Q7AGY
TAGY
0TAGY
TAGY
07AGY
Q7AGY
TAGY
07AGY
TAGY
07AG9
07AGY
0TAGY
07AGY
Q7AGY
07AGY
TAGY
OTAGY
TAGY

nen

204

220

225

by

270

NEL = NEL - 1
LO ¢20 J = 1» NEL

FJ = J

ANGLE = Fu # DANGLE
XPM = RALIUS * DCOS ( ANGLE ) -
XPM = RAOIUS * COS ( ANGLE
ZPM = S1GN # RADIUS # DSIN { ANGLE )
ZPM = SION * RADIUS # SIN ( ANGLE 1}
SNUM = UN(I-1) 4+ 2 4+ )

XEJNUM) = (X ® XPM - (Z #* ZPM + XCN(1-1)
ZUJNUM) & CZ & XPM + CX ® ZPM + ZCN(I-1)
IDSEG(JNUM) = SIGN * ( 1 - 1)
CuNTINUE
JNUM = UNIL) + 2
XCJNUM) = XNI(1)
ZIJINUM) = ZN(])
IDSEGUJINUM) = SIGN & (1 - 1 )

PRINT 1ul2s XCNC1-119 ZCNULI-D2
oe Tu 19C
No = JUNINCD2)

READs ECHU PRINT AND DISTRIBUTE TABLE 3 - ELASTIC RESTRAINTS

PRINT 1vi3
IF { KEEP3> oNE« KEEP ) GO TO 24C
PRINT luls4
1F « NCD3 «NEs NIL }» GO TO 240
PRINY 1v1S
U To ¢e0
VU 25v 1 = NC13y NCT3
READ 1vi6s INLI3(1)s INL3(Ll)s CONT3(h}y RXNUI)y SYN({I)s RZN(I)

=Te51 STATIUNS [N PkUFEK URDER
IF ¢ INI3(1) oGTe INL3(1) «ANDe CONT3(]) «NEe CONTD ) GO TO 905
PRINT LolTs INL3CLy INL3C(I)s CUNT3 (1) RXN(IDs SYN(I)» RZNCI)

CONTINUE
DISTKIBLTE TABLE 3

LSM = 0

CALL INTERF ( Nby NCT3s INI3s INL3y CONT3, RZNs RZs LSMy NIs NJ
CALL INTERF ( MBy NCT3s INI3s INL3» CONT3s RXNsy Rxs LSMs NIs NJ
CALL INTERP ( Mo, NCT3y INI3s INL3s CONT34 SYNs SYy LSMy NI, NJ

RLAUs ECRu PRINT ANV DISTRIBUTE TABLE 4 =~ ELEMENT STIFFNESSES

PRINT 1vis

IF t KEEP4 oNE. KEEP ) GO TO 270
PRINT 1014

IF { NCD4 «NEe NIL ) GO TO 270
PRINT 1uv15

L0 TO 300

OL 28U 1 = NCl4s NCT4

READ 1vl6s INIGL1)s INL4(I)» CONTGU1)s GINU]D)s EIZN(T)

0TAGY
0TAGY
0TAGY
0TAGY
OTAGY 1BM
06JA0CDC
0TAG9IBM
06JA0CDC
0TAGY
OTAGY
0TAGY
06JAC
07AGY
07AGY
0TAGY
OTAGY
06JAQ
TAGY
07AGY
07TAGY
0TAGY
TAGY
0TAGY
TAGY
OTAGY
07AGY
07AGY
07TAGY
07AGY
O07AGY
07AGY
0TAGY
TAGY
07AGY
TAGY
OTAGY
07AGY
-7AGY
TAGY
Q7AGY
TAGY
07AG9
07AGY
0TAGY
07AGY
TAGY
OTAGY
TAGY
14JL0
14JL0
07AGY
07AGY
07AG9
07AGY
0TAGY
OTAGY

LL



v
1
35v

Yuu

Juuu

yv8
9998u

PRINT

PRINT
PRINT
PRINT
PRINT
PRINT

VO 340 | =

PRINT

RESULTS

lovl
ludz
1v03y
1u2us NPROBs
lugl

IDY¢1)y L = 1y 40 )
10211y I = 1»
2, MAX
ISTA =1 - 2

1v22y 1STAs X(1)s 211},

COUNTINUE

CALCULATE cLEMENT thv FURCES

PRINT
PRINT
FRIn1
PRINT
PRINT

lual

1v02

Lu03s ¢ IDLCE),
lu2Cs NPROBs (
123

I = 1, 640 )
iD241)y 1 = 1»

W(ls2)

Lo 350 1 =
IMEM =
15EG =

3, MAX
1 =2
1ABS

SIGN

IDSEG(1)

1DSEGULY )
7/ 1SEG

19 }

19 1

CiD = CURVEN(]1SEG)
XC = XCNU1SEG)
2ZC = ZONCISEG)
CAcL FORCED ( NJy Is wse Xo 2o
PRINT 1u24y
FURCELS5s11
CUNTINUE

END UF SOLUTION

CALL TI1C TOC (&)
CHECKR FUR NEw PROBLEM

w TO Lv
ERRuUK MCSSAGES

PRINT Juvou
FURMAT (///23h
NT = 1
vO TO 998
PRINYT 9998s NTs NPRUL
FORMAT 7/ 32+

10H » PROBLEM » A4

GJ»

IMEM, FOURCE(Z29s11y FORCE(Llsl)ys
FORCE(491)

1

ElIZ» FORCE,

FORCEt691)

ILLEGAL KEEP DATA. 1}

CHECK INPUT DATA FOR TABLE

C TAG9
C=o=== TEST STATIONS IN PRUPER URDER 07AGY9
C 7AG9
IF ( INIG(1) +GEe INL&4(L) <ANDs CONTG(1} oNEs CONTD i GO TO 906 07AGY

PRINT 1017» INIG(I)s INLG4(IDy CONT&4U1)s GINCIDs EIZN(I) 07AG9

2806 CONTINUE 7AG9

C TAG9
Cm===- OISTRIBUTE TABLE 4 07AGY
C 7AG9
LSM = 1 07AG9

CALL INTERP { NBy NCT4» INl4s INL&» CONT4y GJUNs GJs LSM, N1, RJ 07AGY

CALL INTERP ( NBy NCT&4»s INl&y» INL4s CONT4s EIZNy EIEZs LSMys Nis NJ)OTAGY

C 7AGY9
[ TEST STIFFNESSES FUR ALL NUNZERO AND POSITIVE 07AGY
C TAGY
MAX = NB + 2 07AGY

VU 290 1 = 3, MAX 07AGY

IF ¢ GJ(I) «LEes ZERO ) GO TO 908 07AGY

IF ( EIZ(1) oLEe ZERO )} GO TO 908 07AGY

- 290 CONTINUVE 07AGS
C 7AG9
=== READs ECHO PRINT AND DISTRIBUTE TABLE 5 - APPLIED LOADS 07AGY
C TAGY
300 PRINT 1ul9 7AGY
1F ¢ KEEPS5 oNE. KEEP 3} GO TO 310 0TAGY

PRINT 1ula 07AG9

IF  NCDS oNEs NIL ) GO TO 310 07AG9

PRINT 1015 07AGY

w0 TO 330 07AG9

310 VO 32¢ 1 = NCIS» NCTS 07AG9
READ 1U1l6s INIS(I)s INLS5(L)y CONTS5(I)s XMN(IJs FYN(IVs ZMNC(I) 07AGY

C 7AGS
C===— TEST STATIUNS IN PROPER uRDER 07AGY
C - TAGY
IF ( INIS(I) «GTe INLS(1) oANDa CONTS5(I1} oNEs« CONTD } GO TO 907 07AGY

PRINT 1ui7s INIS(L)s INLS{I)y CONTS{1)s XMN(1)s FYN{I)y ZMNIT) 07AGY

32v CUNTINUE 07AG9
330 CONTINUE 07AGY

C TAGY
C==—~-DISTRIBUTE TABLE 5 07AGY
C 7AGY9
LSM = 0 07AGY9

CALL INTERP ( NB, NCTS5s INISs INLS, CONTH5s ZMNs ZM» LSM, NI, NJ 07AGY

CALL INTERP ( NBy NCTS» INIS5s INLSs CONTSs XMNs XMy LSM, NI, NJ 07AGY

CALL INTERP ¢ NBy NCTSs INIS» INLS5, CONTS5, FYNs FYs LSM, Nly NJ OTAGSY

C TAGSY
C===== END OF DATA INPUT - BEGIN SOLUTION 07AGY
[d 7AG9
C TAG9
C 7AGY
Ce====CALL RECURSION=INVERSION SULVER FOR 3 wIDE BANDED MATRIX EQUATIONSO7AGY9
C 7AGY
OCALL SOLVER ( NJs NBs We X Z» SYs RXs RZy» GJs ElZs FYs XMy ZM» 07AGY

1 Ay B} 07AGY

C TAGY
C TAG9

1
¥9Yy CALL EXIT
Jul PRINY 9uul
Guul FURMAT (///50H
NT = 2
wO TU v9d

9ue2 PRINT 9v02
Guv?2 FURMAT (/77464
NT = 2

Wilslly W(ls3)

SIGN»

s Il

CiD,

FORCE(3s11

XCy 2C

INSUFFICIENT STATION COORDINATE INFORMATION.

CANNOT BOTH KEEP AND ADD DATA TO TABLE 2. )

}

TAGY
0TAGY
7AGY
2zJL0
0TAGY
07AGY
0TAGY
0TAGY
07TAGY
07AGY
0TAGY
0TAGY
TAGY
07AGY
TAGY
22JL0
0TAGY
07AGY
07AGY
0TAGY
07TAGY
07AGY
06JAD
06JA0
07AGY
0TAGY
07AGY
06JAQ
07AGY
0TAGY
07TAGY
TAGY
07AGY
7AG9
09 JAOCDC
07AGY
TAGY
07AGY"
T7AGY
07AGY
7AG9
TAGY
07AGY
07AGY
07AG9
07AGY
07AGY
06 JAD
07AGY
07AGY

JOTAGY’

07AGY
07AGY
07AGY
07TAGY’
07AGY

8.



[a¥a¥al

903
90Ul

Fule
SuUs

b 0]
9uis

06

U7

Ul
9008

GO 1O 998
PRINT 9003
FORMAT (//7/33H

PRINT 9004
FORMAY (/777500

PRINT 9005
FORMAT (/7/30H
NT = 3
60 TO 998
PRINT 3005
NT = &
GO TO 998
PRINT 9u0s
KT = 5
GO TO 9938
PRINT 9008
FORMAT (/77420
NT = 5
G0 T0 998

END PCGR 2
END

INSUFFICIENT SUPPORTSa

ILLEGAL STATION COORDINATE OATA.

JLLEGAL STATION SEQUENCE.

ZERO OR NEGATIVE STIFFNESS SPECIFIED. )

H

0TAGY
Q7AGY
107AGY
OTAGY
QTAGY
07TAGY
YOTAGS
O7AGY
O7AGY
QTAGY
OTAGS
07AGS
OTAGY
OTAGY
C7AGY
QTAGY
C7AGY
OTAGS
QTAGY
QTAGY
BTAGY
OTAGY
QTAGS
TAGS
OTAGY
TAGY
TAGS

OSUBROUTINE INTERP ( NB»s NCTs INI» INLs CONTs VARYN, VARY,

1

LSMy Nls NJ )

[«
C-==—=LINEAR INTERPOLATION SUBROUTINE

[aXa¥a¥al¥al

10

15

20
e

“q

-

50
60

Tv

Bo

50

100

LSM = | = VARIABLES DEFINED MIDWAY BETWEEN STATIONS
LSM = « = VARIABLES DEFINED AT STATIONS

IHPLICIT REAL®E { A-Hy0-2 )
DATA CONTD 7 4HCONT 7/
DIMENSION
00 10 1 = 1. Ny
VARY(1} = 0.0
CONTINUE

ASM = LSM
ASK = 0.5 ¥ aSM
KR2 = O
LU 140 RE = 1 NCT
KRl = &R2
1F § CONTI(KRC) «EQ« CONTD ) GO TO 20
KR2 = ¢
o0 TO 30
KR = 1
KSW = 1 ¢ KR2 ¢ 2 # KRl
IF [ KRL +EQs 1 } GO TO 40
NC1 » NC .
JV = INJCNCL) + LSM
IF ( KRZ +EQ. 1 } GO TO 130
1F INLINC) wLEe NG 1 GO TO 80
J52 = NB
OIFF = J57 = JV + LSM
DENOM = INLINC) = Jv + LSM
VEND = VARYNINCL) + ( VARYNINC] -~ VARYNEINCLE
# { DIFFZDENOM )
Gu TO t 50y 6Uy 70y TO ) KSH
IF ¢ INIINCH +GT- NB }+ GO TO 130
GG 10 %0
iF  INJURCL) «GTe N8B } GO 70 120
U To %0
1F { KSWP «EGe 2 )} GO TO 60
AF ¢ INLENCL) J0Te NB 3 GO 10O 130
GU TO S
JS2 = INLINCH
vEND = VARYNINC!
J1 = J¥ ¢ 2
J2 = JS2 + 2
DENOM = U2 ~ Jl « LSM
JINCR = 1
ESM = 1.0
15w =}
IF { DENOM (NME. 040 3 GO TO 100
DEROM = 1,0
isw = Q
Wl 110 J = Jls J2s JINCR
DIFF = J - )

07AGY
Q7TAGS
TAGY
07AGY
TAGS
OTAGS
07TAGS
TAGH
OTAGS 1AM
OTAGY

IRItHRI), IHLINIIs CONTINI}s VARYNINII» VARYINJIQTAGY

OTAGY
DTAGY
OTAGY

TAGS
OTAGY
OTAGY
Q7TAGY
OTAGY
QTAGY
OTAGY
QTAGY
0TAGY
OTAGH
OTAGY
07TAGY
07469
0TAGH
0TAGY
QTAGY
OTAGY
OTAGY
QTAGS
OTAGY
0TAGY
OTAGS
OTAGS
07TAGY
QTAGY
0TAGY
Q7TAGS
OTAGY
OTAGY
OTAGY
07AGS
07TAGY
QTAGY
O7AGY
QTAGY
0TAGY
07AGY
DTAGY
07AGY
0TAGY
D7AGY
07AGY

6L



(2T 2B AW a)

110

120

1490

PART = { DIFF + ASM 1 / DENOM
VARY(J) = VARY(J} + ( VARYN(NC1) + PART
® [ VEND ~ VARYNINC]1) 1 ) #* ESM
CONTINUE
IF ¢ LSM «EQs ) 1 60O TO 20
IF [ ISW +EQu 0 1V GO TO 120
JINCR = J2 ~ U3
ESM = = 0,5
ISWw = 0
Gu 10 100
IF t KR2 +EQs 0O } GO TO 130
JY = INLINCE + LSM

NCL = NC
KSWP = KSW
CONTINUVE
RETURN
END INTERP
END

07AGY
OTAGY
CTAGS
0TAGY
ITTAGY
TTAGY
OTAGY
07AGY
Q7TAGY
OTAGY
07AGY
Q7AGY
QTAG?
V7AGY
CTAGY

TAGY

TAGY
O7AGY

TAGY

QTAGY
TAGY

USUBROUT INE SOLVER « KRJ, RBs we X» I SY» RXs RZs GJs E12e
1 FYs XMs ZMy A2 B

o ———— Swkvi S IMUL TANEOUS cuUATIUND bY KECURSIUN-INVERSION PROCEDURE
S
« IMPLICLT REAL®E ( A—Ha0-2
GUIMENSIUN A(NJs3sl)s AA(3 4310 AMIL3,100 ATMI341)s BIRJL3,33,
1 d8(3e3)s BMI(3431s BTMI243), C(253)s CC(3+3), ODi3,10,
< ELIZ(NJ)Ly FY(NJ)y GJiNJYy RXUMJSIe RZINJIY, SY(NJI. X(HJT»
3 XMINJIy Z(NJ}2 ZMINJYe WINJ,3)s WPLi3,s1}
[
Lm=m=—fNITIALIZE
C
LU 30 | = 1y NJ
LU 1 J = 1, 3
Alledoel) & 040
uu 10 K = 1, 3
Bilsdek) = 040
10 COMTINVE
30 CONTINUE
<
(-=-==FURWARU PASS ~ SOLVE FUR RECURSION COEFFICIENTS
[
MAX = NB + 2
VO BO J = 25 MAX
dd = g
[
(==—=—FURM CONTINULITY MATRICES
<
wCALL FSUB ¢ NJs NBs AAs 8B (Cs DDs Jds Xs Zs SYs RXs RZs GJ»
1 Elle FYs XMe ZM
<
(uwre=CALCULATE C MATRIX
<
DO «U | = |s 3
UQ «0 K = 1, 3
BMLLEeK) = BlU=1sleK)
“ CONT INUE
CALL MFFY ( AAy BMLls Co 34 3}
CALL ASFF ( BBs Co Co 30 34 1
CALL INVR t Cy JJ )
CALL NEG « C 3}
[ .
(r=—==CALCULATE © COEFFICILNMT
<
CALL MFFV [ Cs CCos BTMy 34 3 1
VO S50 1 = 1, 3
DO 50 K = 14 3
Blds 1K) = BTM{L,K)
5¢ CUNTINUE
¢
Lm==== CALCULATE A& COLFFICLENT
<

vo 6u | = 1¢ 3
AMITLIa11 ® AtJ=lselsl?}
(-39 CONTIMUE

QTAGY
OTAGY
TJAGY
OTAGY
TAGY
OTAGYIIBM
OTAGY
07AGY
D7AGY
QTAGY
TAGY
QTAGY
TAGY
0TAGY
O7AGY
07AG?
07AGY
07AGY
Q7AGYS
07AGY
TAGY
QTAGY
TAGY
07AGY
QTAGY
DTAGY
TAGY
OTAGY
TAGS
OTAGY
OTAGY
TAGY
OTAGY
TAGY
Q746G
O7AGY
QTAGY
07TAGY
07AGH
QTAGY
07TAGY
QTAGY
TAGY
0TAGS
TAGY
0TAGY
0TAGY
0TAGY
QTAGY
OTAGY
TAGY
OTAGY
TAGYS
07469
OTAGY
OTAGY

08



CALL MFFV { AAy AMls ATH, 34 1)
ISIGN = -}
CALL ASFF { ATHMs DDs ATMs 3, 1y ISIGN 1
CALL MFFV { Cs ATMy AMLy 3, 1)
00 701 = 1, 3
AlJelsl) » AMICIo1)
% CONTINVE
c a0 CONTINUE
g""“BACKSUESYlTUTION = SOLVE FOR DISPLACEMENTS
DO I = 1, 3
WPL(1sl) = Qa0
90 CONT INVE
00 130 L = 24 MAX
Jom MAX =L + 2
DO 100 1 = 1, 3
DO 100 K = 1y 3
BYRLIWK) = Blysl K}
100 CONTINVE
CALL MFFV { BTM, WwPLls ATHs 30 1 |

<
CommmwnCALCULATE DISPLACEMENTS

<
D0 110 1 = 1,4 3
WiJel) & AtJalsl) + ATM(I.1)
110 CONTINVE
DO 120 1 = 1, 3
WPL{Is1) = WiJel)
120 COMTINUE
130 CONTINUE
RETURN
C
[4 END SOLVER
END

0TAGS
O7TAGY
074G
Q7AGY
OTAGY
O7AGY
OTAGY
OTAGY

TAGY
OTAGY

TAGY
Q7A69
QTAGY
OTAGY
0TAGY
OTAGY
QTAGS
QTAGY
QTAGY
QTAGS
07AGY

TAGS

OTAGY

TAGY
O7AGY
07AG9
QTAGY
GTAGY
OTAGY
07AG9
QTAGS

TAGY
QTAGS

TAGY
QTAGR

TAGY

OSUBROUTINE FSUB { RJe NBy AAy B8y CCs DDy JJo Xs 2+ SYs RX» 0TAGS
i RZs GJe ELl2s FYs XMy ZIN 1} OTAGY
Lo FORM MATRICES FROM STIFFNESS TERMS OTAGY
< TAGS
< IMPLICIT REAL®E ( A-H0-2 ) O0TAGIIBM
CUIMENSION AAL3+3)s BBIU3+3)s CCU3e631s DOIBs1eXINJ)s ZINI)» SYINJI20TAGY
1 RXtNJ)y RIZINJI s GJiNHIIs EIZINIY e FYINJ]y XMINJI» DTAGS
2 ZMINJIYy SU3s31s RT{3:3) QTAGS
< TAGY
(nemeaTEST FOR BEGINNING OF STRUCTURE 0TAGY
C TAGS
IF { JJ oNE. 2 ! GO TO 20 0TAGY
DC i1 » 1, 3 OTAGY
00 10 J = 1, 3 07AGY
AAiled) » 000 07TAGY
Siled) = Qo0 0TAGY
RYtIs) = 0.0 0TAGY
BBy} = 0.0 " 0TAGY
10 CONTINJVE 07AGY
@Y TO 60 0T7AGY
< TAGYS
(e=—==FURN PARTIAL STIFFNESS MATRIX S{JJedJ=1,sJJd=1]1 FROM S(JJ=1yJJyJJ-1107AGY
[« TAGY
20 S{1e3} = =50143) 07AGY
S63+1) = ~ S{3s1) 07AGY
< TAGS
{meme=FORM PRODUCT RT~TRANS ¢ 5 ® RT 0TAGY
4 TAGY
CALL RISR | RYs Ss AA ) 07AGY
[ 4 TAGY
C-=~==FGRM PARTIAL STIFFNESS MATRIX S{JJsdJdsJd) FROM S{JSJdeJd=1s.dJ} 07AGY
4 TAGY
S5ikel) = =~ SE1e1} 07AGS
S8242) = = 5122} 07AGY
S(3s%1 = ~ 5(341} 07AGY
$13+3) = 240 # 51(3,3) O7AGY
C . © TAGY
(-===mFORM PRUDUCT RT~TRANS & S & RY 0TAGS
C TAGS
CALL RTSR « RYs Sy BB 07AGY
C TAGY
C==—==TLST FOR END OF STRUCTURE 07AGY
C TAGY
IF 1 JJ «LTs NB + 2 3 GO TO 60 07AGY
DO %0 1 = 1,y 3 07TAGY
DU 4D J w 14 3 0TAGY
CCilsdy » 0.0 0TAGY
4y CONTINUE 07AGY
, 60 T0 120 OTAGS
< - TAGY
[t FORM ROTATION MATRIX FOR MEMBER JJ + 1 07AGY
< TAGY
&0 OX & XiJdd+li = X¢JdJ} OTAGS
DL = ZiJael) ~ 21JJ} QTAGS
XL2 = DX ® DX + DZ ¥ D2 0TAGY
< XL = DSORTY 1 xL2 7 OTAGIIRM

18



XL = SQRT ( XL2 )
XL3 = xL * xL2

CX = DX 7 XL
CZ = D2 7 XL
00O 701 =1, 3
DO 70 J = 1y 3
RT(lsd) = uev
10 CONT INUE

RT(1ls1) = 1.0

RT(3,2) = - C2

RT(2+2) = CX

RT(243) = cz
-

RT(3+3) [
c >
C=====FORM PARTIAL STIFFNESS MATRIX S(JJyJJyJI+1)
4
S(19l) = 1240 * EIZ(JJ+1) / XL3
$(2+2) = _GJ(JI+1) 7 XL
5(3,3) ®» 440 ® EIZ(JJ+1) 7 XL
5(193) & + 640 ® EIZLJI+)) 7 XL2
S(341) = S(1+3)
C

C====~FORM PRODUCT RT-TRANS # 5 = RT
C
CALL RTSR ( RTs S» CC }

C
C-==——COMBINE BB AND CC
C
CALL ASFF ( BBs CCs BBs 39 3¢ 1 )
C
=== FURM PARTIAL STIFFNESS MATRIX S(JJeJJ+1lsJd+1) FROM S(JJeJdsdds1)
<
Stlal) = = S(1lsl)
S(292) & = S(292)
S(3s1) = = S(3s1)
$S(353) & D5 # S(343)

C
C~=—-—FORM PRODUCT RT-TRANS ®* 5 ® RT
C

CALL RTSR ( RTy S» CC )

C
C-—--ADD SUPPORT SPRINGS TO BB MATRIX
C
120 BB(1ls1) = BBilsel) + SY(JJ)
8B(2+2) = BB(2+2) + RXx(JJ)
BB8(3+3) = BB(3s3) + RZ(JI)

C

Com=—m FORM DL MATRIX

C
DD{lsl) = FYLJID)
DD(291) = XM(JJ)
DD(3s1) = ZM(JJ)

RETURN
C
C END FSUb

END

06JA0CDC
07AGS
07AGY
07AGY
07AGY
07AGY
07AGY
07AGY
Q7AGY
07AGY
07AGY
07AGY
07AGY
TAGY
07AGY
TAGY
07AGY
07AGY
07AGS
07AGY
07AGY
TAGY
07AGY
TAGY
07AGY
TAGY
07AGY
TAGY
07AGY
TAGS
O7AGS
TAGS
07TAGY
07AGY
07AGY
07AGS
TAGY
07AGY
TAGS
Q7AGY
TAGY
07TAGY
TAGS
07AGY
07TAGY
07AGY
TAGS
07AGY
TAGY
07AGS
07AGS
07AGY
07AGY
TAGY
07AGS
07AGY

SUBROUTINE RTSR ( R s Ss X )

C-—===FURM PRUDUCT ( RT#S*R & X )
C
C IMPLICIT REAL®B ( A~H»0-2Z }
DIMENSION R(393)s 5(393)s XU13+31s T(343)
C
DU 201 = 1y 3
OU 20 U = 1y 3
TEMP = 0.0
VO 10 K = 1y 3
TEMP = TEMP + R(Kel} ® S5(KyJ)
lu CUNTINVE
TilsJ) = TEMP
2V CONTINUE
C
CALL MFFY ( Ty Ry Xs 39 3 )
C .
RETURN
C
C END RTSR
END
SUBROUTINE MFFY { X» Yo Iv Ms N}
C
C-==- MULTIPLY FULL MATR{X BY FuLL MATRIX OR VECTOR
C X ®Y =2 )
C
C IMPLICIT REAL®B ( A~H,0~2 I
DIMENSION XiMoM), Y(MoNI 3 Z{M4N)
C
DO 20 J = 1y N
00 20 1 = 1y M
TEMP = 0.0
00U 10 K = 1y M
TEMP a TEMP + XtI+K) # Y(K,J)
v CUNTINVE
ZilsJ) = TEMP
20 CONTINUE
C
RETURN
C
C END MFFV
END

07AGY
TAGY
07AGY
TAGY
O7AGY IBM
07AGY
TAGY
07AG9
07AGY
07AGY
07AGY
07AGY
07AGY
07AGS
07AGY
TAGY
07AGY
TAGY
07AG9
TAGY
07AGY
07AGY

07AGY
TAGY
07AGS
07AGY
TAGY
O7AGSIBM
07AGY
TAGY
07AGY
07AGY
07AGY
07AGS
07AGY
07AGY
07AGY
07AGY
TAGS
07AGY
TAGY
07AGS
07AGS
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SUBROUTINE ASFF ¢ X» Yo 2s Me Ns ISIGN ) 07AGY SUBRUUTINE INVR ( Xs 1STA ) 07AGY

TAGY C TAGY
C=====ADD OR SUBTRACT FULL MATRICES 0TAGY [ INVERT MATRIX 07AGS
4 { X+ Ye=e2 )ORI{IX=-Ym=72) 07AGY C TAGY
4 TAGY C IMPLICIT REAL®E ( A-M,0-2 ) 07AGS 1BM
[4 IMPLICIT REAL#8 { A=Hs0~2 ) 07AGS 1BM DIMENSIUN X(343) 07AGY
DIMENSIUN X(MoN)s Y(MsNI s Z{MsN) 07AGY C TAGY
< TAG9 1UUU FORMAT 31H) NO INVERSE EXISTS, ISTA = , 13 ) 07AGY
IF ¢ ISIGN } 30s 10s 1O 07AGY Cl0ul FORMAT ( 3( 4Xs 1PD10+3 ) ) 0TAGY 1BM
10 00 201 = 1, M 07AGY 10ULl FORMAT { 31 &4Xs E10.3 )} ) 07AGCDC
DO 20 J =1, N 07AGY EP = ),0E~10 07AGS
ZULsJ) = X(led) + Yiled) 0TAGY C TAGY
20 CONTINUE 07AGY DO 40 1 = ), 3 O07AGY
GO 10 50 O7AGY C IF € DABS ( Xtlek) ) 4LV« EP ) GO TO 50 07AGS 1M
< TAGY IF ( ABS ( X(lsl} ) oLTe EP ) GO TO 50 06JA0CDC
30 DO &0 1 = o M O07AGY S ® 140 / X(lsl) 07AGY
DO 40 J = 1, N 07AGY DU 10 J = 1y 3 07AGY
ZUloJd) w XUled) = YUI4J) 07AGY X(lsJ) & XUIsJ} # S 07AGY
A0 CONTINUE 07AGY 10 CONTINUE 07AGS
[4 TAGY X(lsd) = S 07AGY
50 RETURN TAGY LO 30 J = 1, 3 07AGY
[4 TAGY IF ( J +EQe | ) GO TO 30 07AGY
< END ASFF 07AGY S = X{Jyl) O07AGY
END 07AGY XtJel) « 0.0 : O7AGY
VO 20 K = 1y 3 O7AGY
X1JsK) = XiJsK) = S # xU14K} 07AGY
20 CONTINVE O7AGY
30 CONTINVE 07AGY
4«0 CUNTINVE 07AGY
RETURM 0TAGY
C ) TAGY
50 ISTA = ISTA - 2 07AGY
PRINT 1000s 15TA 07AGY
PRINT 1001y (€ XUlsJ)s J = 1s 3 )y § = 1g 3 ) 07AGY
C TAGY
C END INVR 07AGY
END TAGY

£8



(aNal

C
C
C

SUBRUUTINE NEG ( X }

----- NEGATE A fFULL MATRIX OR A VECTOR

{ X =~ x)

IMPLICLT REAL¥8 ( A~H,0-2 )
DIMENSIOUN X(343)

DO 10 J = 1, 3
DU 106 1 = 1, 3

XL Ead) = = X4 Lad)
10 CONTINUE
RETURN
END NEG
END

SUBRUGUTINE FORCES ( hJs s We Xs Zs GJs EL2s FORCEs
i SIGNy CIDy XC» ZC 1}

----- CALCULATE ELEMENT END FURCES RELATEDL TO MEMBER AXES

IMPLLICIT REAL¥*8 ( A-rs0-2 }

UDIMENSIun E1ZinJ) s FURCE{G911y GJINJITs S1696)s RT(696)s WINJI3)

1 WTS(6el)s WTMLE91)s X(NJ)y Z(NJ)
DATA CURVE / &4HCURV /

~-===SET UP MEMBER STIFFNESS MATRIX ARD ROTATION MATRIX

PXx = xt1) - xti-{)

DZ = zt1) - Zt1-1¢

XL = DSQRT ( DX * DX + DZ * DZ )
XL2 = DX * DX + DZ * DZ

XL = SQRT { Xi2

XL3 = XL ¥ XL2

CX = DX / XL

cZ = 02 7/ XL

VO 10V = 1y &
DO 10 K = 14 6
RT(JUsK) = uel
10 CUNTINVE °
RT{1s1) = 1leU
RT(3+2) = = CZ
RT(2+2) = X
RT(2+3) = cz
RT(3+3) = X
DO 40 U = 4y &
DU 40 K = 4, b
RT(JsK) = RT(JU=3y K-3}
@y CONTINUE

————— FuRim STIFFNESS WMATRIX

VO 50 v = 1y 6
VU 5C Kk = 1, 6
S50JeK) = Ul
50 CONTINUE

O7AGY
TAGY
07AGY
07AGY
TAGY
0TAGYIBM
O7AGY
TAGS
O7AGY
07AG9
07AGYS
07TAGY
TAGY
07AGY
7AGS
C7AGY
OTAGY

06JAD
06JAC
7469
07AG9
7469
07AG18M
07AG9
07AGY
0TAGS
TAGY
07AG9
7AG9
OTAGY
07AG?
CTAGS IBM
0TAGSCDC
07AG9CDC
I7AGY
c7469
0TAGS
07469
CTAGY
07469
07AGS
J7AG9
07AGS
07AGY
27469
GTAGY
07467
07469
£7AGY
07AGS
7AGY
GTAGS
78G9
CTAGS
17469
CTAGS
274G

S5(1e1) = 12«0 ® EI2(1) /7 XL3
S12+2) = GJ(l)Y 7 xu
503,33 & 4e0 ® EI201) 7/ XL

LU U J = 1y 2
S{Jed+3) = = S(J,sJ?

SUJI+39Jd) = =~ S{JsJ)
S(J+3,043) = Slusd)
60 CUNTINVE
S(6+6) = S13+3)
S50393) = 6eC * E12(]) /7 XL2
St1le6) = S5(1+3)
S${3s1) = S(143)
S{3e4) = = SU]+3}
S(&4e3) = = S(1,3)
9(4s6) = — Silea)
2(691) = S(193)
S5(694) = = S{192)
50356) = G * S(>,93)
S1643) = St396)
C
Ce==~===UtFINt vELFLECTION MATRIX
C
DO 70 J = 1, 3
WIS(Jsl) = wil=1leJ!
WIS{J+3,1) = Wilsd)
Tu CUNTINUE
C
Co====CUverT DISPLACEMENTS TU MEMBER COORDINATE SYSTEM
C .
CALL MFFY t RT, WTSy WTMs 6 +» 1 )
C
C-~===CACULATE FORCES
C
CALL MFFY { S wTM, FORCEs 6 » 1 )
C
If 1t C1D «NE, CURVE ) GO TO 80
C .
(=====THandFURMm LLiMtnT END FURCES TO NGRMAL AND TANGENTIAL DIRECTIONS
C
C RADIUS = DSQRT (( XC = X(L) )®®2 4 ( 2C ~ 2(1} 1#=2

Pk ® ( XC = X()) 1#®2 & ( ZC = 2(1) I&e
RADIUS = SQRT ( FLE !
SINE = 0.5 * XL / RADIUS
C CUSINE = DSGRT ( leu =~ SINE # SINE )
FLE = lav — SINE ® SINE
CUSIME = SWRT ( FLE )
TF = FORCEL2e1)

FURCE(241) = TF ® COSINE - SIGN * FORCE(3,1)
FURCEt3,i7 = FURCE(I91) * COSINE + SIGN & TF

TF = FORCE(5s1)

FURCEtS5,1) = TF ® COSINE + SIGN ® FORCE(6s1)
FURCEL641) = FURCE(6s1) ® LOSINE - SIGN % TF
1% COUNTINVE
C
RETURN
<
< END FORCES
END

-

*
*

SINE
SINE

SINE
SINE

07AGY
07AG9
07AGY
CIAGY
Q7TAGS
OTAGS
J7AGS
CTAGS
CTAGS
07AGS
07AGS
07AGY
J7AGS
CTAGY
CTAGY
CTAGS

T 07AGS

07AGS
07AGS
TAGY
07AGY
TAGY
OTAGS
07TAGS
07AGS
07AGY
TAGY
0TAGS
TAGY
0TAGS
TAGY
07AGY
TAGY
07TAGY.
TAGS
07TAGY
TAGY
07AGY
TAGS
CTAGI1BM
030C9CHC
030C9¢DC
D7TAGY
07AGSI8M
030C9CDC
030C9CDC
07AGY
06JAL
06JAD
07AGY
06JA0
06JAD
Q7AGY
TAGS
37AGY
TAGYS
07AGS
TAGY

%78
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PCGR 2 ~ EXAMPLE PRODLEMS FOR REPORY

611

€612

(Gl3

€62l

€631

{632

CGoel

CODED 7769 ~ WPD

RECTANGULAR BRACKEY
3 2 1 1
Q De000E00 9.600E01
20 14200602 9.600E0)
38 14200E02 0,000E00
0 ] 1.000€20 1.000€20 1.000E2C
36 36 1.000E20 1.000E20 14000E20
g 36 1+000E09 1.000E09
16 ~44000E03
&ENICIRCULAR BOW GIRDER = 10 INCREMENTS
3 2 1 1
o] ~1e200€02 04,000E0C
5 0.000E0O0 -1.200E02
10 14200E02 0.000E00
[ 0 1s000E20 1.000E20 1.000E20
io 10 1.,000€20 1.000E20 1.000E20
©w lO 3+022E09 3.777E0%
I} ~3.770E02
SEHlCiRCULAR BOW GLIRDER ~ 20 INCREMENTS
3 2 1 1
o ~1¢200E0Z2 ©,UQ0EQO
10 04 00UEQD ~1.200E02
20 1-300502 0+000EQC
Q 4] 1sUD0E20 1.000E20 1.000€20
20 20 1+D00E2C 1+000E20 1.000£20
o 20 3.022E09 3.777E09
o 0 ~1+885£02
SOLUTION OF BEAM - EXAMPLE PROB & - CFMR
2 L] 3 3
[} 0«GOVECU  04.UO0EQO
by A+BO0EVZ O UUOELD
10 16 1+000EO00 2487CEQS
20 20 246TOEDS
30 CORTD 0+000E00
40 1250E04
o A0 1« O00EQO  5.000E09
0 CONTD s UOOEOQO
IOCONTD 4.950E03
40 4+950E03
MARYLAND REPORY - LUADING CASE 1
2 2 1 1
o ~1s8600E02 24174801
20 1e600E02 24174E01
[} 7] 1+000E20 14000620 1.000€£20
20 20 1«000E20 1.000£20 1.000E20
4] 20 2B29E06 1 OBAEOY
10 10 -1s000EQ3
MARYLAMD REPORT ~ LOADING CASE 2
KEEP KEEP KEEP [+ [¢] ] 1
& & ~1+000E03
TYPICAL CURVED HIGHWAY GIRDER

21 10 10

G 5. 700EC3 0.000500
3¢ 5.648E03 7.657E02
(-3 5+508E03  1.483E03
82 34360E03  1.940E02

109 5+ 099E03 2.547E03

CURVE
CURVE

CURVE
CURVE

REPORT 56~1

CURVE

CURVE
CURVE
CURVE
CURVE
CURVE

Q+000ECO
0¢000EQO

0« 000EQD
0+ 000E0Q

0« 000E 0D

0.000EQD
0+000E00
U«000QECO
0+000ECC
Ca00O0ECO

0.000£00
0+000E00

0.000E0C
0.000EQC

6.000E02

0000ECO
0.000E0C
0.000E0C
0.000£00
0.000E00

118
156

103

42994E03  24748E03
44492E03  3.509E03

0 1.000E20

3 T4000EGS  34UO0EOS
13 7+000E05 3. 000E05
213 7.0U0E05  3,000E£05
io 1.000€20
33 74000E05 34000EQS
43 7.000E05 34U00E05
93 T+0U0E05  3.v00EGS
63 7400005  3.UOOEOS
69 . 1.900E20
73 ToUUOEDS  34UOCEDS
83 TouGOEOS 34 VOOEQS
93 7.000E05  3.,UD0EOS
103 7.000E05 3.000E0%
113 7.000605 3.800E£05
123 7+0U0EQS  3.u00EO:
124 1.0O0E20
133 74000E05  3.000E05
143 7.000E05  3.u00EUS
153 7.0U0E05 3.V00ECS
156 1.000€20
32 74824E07 2.339E11
29 1642BEOB  9.747E10
62 14420608 2.922E11
82 1+420E08 2.922E11
16 64235608 2.054E11
109 4.537E08 4s000E11
118 14420608 24922611
136 1.420E08 2.922£11
130 3.862E08 1.519E11
156 7.824E07  2.339E11
32 ~1.670E£03
29 ~6¢BOOED]
62 -1+749E03
82 -1.720E03
76 «1+360E02
109 «1,825E03
I8 ~1.816€03
136 -1.720€03
130 ~14020£02
156 ~14670E03

TERMINATE

8.000E08
8,000£08
8.0V0E08

8+000E0CB
8.000E08
8.000€E08
8.000£08

B+000E08
8.000€£08
8.000E08
8.000E08
8,000E08
8.000E08

B.000E08
8.000E08
8.000£08

CURVE

0:000EO0D 0.000E00

L8
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PROGRAM PCGR2 = UECK 1 = DAWKINS
PCOR 2 « EXAMPLE PROBLEMS FOR REPORY
CODEU 71/69 = NpD

PROB
cg1l RECTAMGULAR GRACKET

TABLE 1 ~ PROGRAM CONTROL DATA

PRICR=DATA OPTIONS
NUM CARDS INPUT THIS PROBLEM

TABLE 2 - STATION COORDINATES

574 GL0BAL COORDINATES
x F4
0 [ % 9,600E+Q4
20 1,200€6%02  9,600€°01
3o 1.200E¢02 Os

TABLE 3 = ELASTIC RESTRAINTS

FROM 10 CONTD ax sY
LI § 1.000E+20 1.000Ee20
36 36 1,000E*20 140008020

TABLE & =~ ELEMENT STIFFNESSES
FROM Yo CONTD 6J E1Z

0 38 1.000E009 1,000Es09

TABLE & ~ APPLIED LOADS AND MOMENTg
FROM TO CORTD AN FY

16 16 w0y «4,000E*03

BEVISION OATE 24 JULY 197¢

TARLF NUMBpR
2 3 . %

SEGMENT TYRE ANU DATA

SYRAIGHT
STRATOHT

RZ

1,000F,2¢0
1,000F+20

In

=0,

PROGRAM PCGRZ = DECK | = UAWKINS aEVISION DATE 28 JULY 1970

BCGR » = EAAMPLEL PROBLEMS FOW REPOAQT
co0EQ 7/6% - wep

PROB (COMTL)
a1l HECTANGYLAR BRACKLT

TABLE & « HESULTS

STATION UISPLACEMENTS IN GLOBAL COORUINATE DIRFFATIONS

ST# GLOBAL COORUINATES NISPLACFMENTS
X z 4 ROTATION v UEFLEFTTON
0 0. $.n00Ev0) 4.036E=16 =2,10RE=17
1 6,000E¢00 9.000E+01 24822En0e =2.380E=03
2 1.200€eg} 3.600Ee0) 4,.843F.04 “9,092E~03
3 1.800E*01 940006901 Ts265E-04 =1le377E=02
4 2,400€E%01  $.000E+01 9586604 =3.,394E~02
5 3.000€%01  9.600E+01 1:211€03 «S.113€-02
&  3.600Ee0]l  9.000E«0) 1:453€003 =7.098E-02
7T 4,200E¢01 SanU0E*Q] 1¢6q5E-03 =9.27pE-02
a ,500E+0) 9,8500L 0] 1,937€-03 “lsl161E-01
9 Y.400E+01 Qet00Ee0l 2¢179€+03 -lea11Ea01
10 6,000Ee0)  9.000Ee01 2.422€-03 =lebbaEnD]
11 &,600690) 9.000E+0} 2:664E~03 =1+924E=01
12 7.,200te01  9.u0GEeO] 24906E03 «2.180E-01
13 T.800E60) Q9.000E901 3, 148E-03 “Zet3InEn01
1 B,400E¢0F  9.000Ee01 3,.390€.03 ~2.6ToE-01
15 9.0006+0) 9.,000E¢01 3.6126-03 w2eB94E-01
16 9,600€+01  $.000Ee0} 3.875€=03 *34099E0]
17 1.020E¢02  9.000Ee01 4.L1TEm0D =3,284E=01
18 1.0B0Eeg2  9,0006e0) 4e35%E w02 “3.441E=01
19 1,160k%02  9.000E¢0) 8,601Em03 ~3.587E-01
20 1.200802 9.000E401 4 .843E=02 =3.724E~0}
21 1,200E002  §.000E%01 S.051E=03 =3.,422E~01
22 1.200E02  8.400EeD) 5.191E=03 =3¢118E=01
23 1.200602  7.000E01 5.263E-03 ~2+801E«01
24 1.200t*02 T«#00E*0} 5.267E=03 “2s485E-0]
25  1,200E+p2  &£,000€¢0) S5.203E-03 =2.170E=01
26 1.200E+02  6.000E%0) S.070E-03 ~1«86pE=01
27 14200002  S5.800Eep) «,B70E=03 =} e563Em0]
2R 1.2006%02  4.800E%Q) 6.601E03 =1s270E=d1
29  14200ke02  «,200E%01 4 26ME~0T =1+012E«01
30 1.2006e02 l.000kent 3,859E-03 ~To682E-02
3 1,20vEep2  3.000Ee01 3.386E.03 ~5,508€=02
32 1,200Ee02  2.400Ee0l 2.B45E-03 =3,63pE-02
33 1,2006¢02 ) .900E-01 2.238E03 =2,104E=02
36 1,2006402 1.200€%0} 1.959E-03 ~9.62aE=03
I3 i.200kv02 6ev0ukeQo B, L35Ew0 #2s8TRE=Q]Y
10 1,200Ee02 0, Le#13E-15 ~1.897E~17

Z ROTATION

“te30TE~LD
=T+ T03E~0%
=1e465E=03
~Z+083E=03
~24626E=03
=3:093E~03
=Jedp3E~03
«3.T98E-03
wa,03TE=03
~4e200E~¢3
~4,288E~03
~4,299E=0J
-4,235E-03
-4 ,094E~03
=3,878E~04
=3.586E~03
«3,217E~03
=2 +BAKE=0I
»~2+542E%03
~22306E~pd
~2¢138E-93
«2008E=03
=1+B71Ewp]
«1.737E~03
=1+604E=03
=1.470E=p3
=] e338E=03
=14203E~03
=1 .089E=-03
=9 ,354E=0%
=B, 018E=0%
=6.081E=0%
=5,3e5Ea0s
-4,009E=~0%
=2,673E-00
=12338E~0%
P R22TE~1D

16



PROGRAM PCGR2 = DECK 1 = DAWKINS REVISION DATE 22 JULY 1970 PROGRAM PCGRZ = DECK | = DAWKINS REVISION DATE 2¢ JULY 1970

PCGR 2 =~ EXAMPLE PROBLEMS FOR REPORT PLGR 2 = EAAMPLE PROGLEMS FOR REPORT NS
CODED T/069 = WPD CODED 7/6% = wWPD
PROB (CONTD) PROM
c6il RECTANGULAR BRACKET €62 SEMICIHCULAR bUW GIRDER = 1o INCREMENTS
TABLE ~ & (CONTD) TABLE | = PROGRAM CONTROL DATA
ELEMENT END FORCES IN NORMAL AND TANGENTIAL DIRPCTIONS 2 7‘“35 nungcq s
ELEM ENp(Inl) ENp (1) PRIOR=pATA OPTIONS
NO. TWISTING SHEAR BENDING  TwISTING SHEAN BENCING NUM CARUS INPUT ThIS PROMLEM 3 2 1 1
(1 MOMENT FORCE MOMENT NAMENT - FORCE MOMENTY
1 =4,0306E+06 2+108€+03 1eAGTEXOS 4,036E¢04 .2,108E+03 ~1,221E4058 -
2 =4,030Ee08 2,108Ee03 ), 221E+05  4,036E¢04 .2,10BE0U3 <], 094E+05 TABLE » = STATION COOROINATES
3 ~a,036Es04 2:108E03 1.094E08 A 016E*04 o.2.108E%03 <«9,676Ee08
6 =4,036Ee0s 2+108E¢03 G,6T6E+0a #,036E404 L2,108E%03 =g al]lkevs §Ta GL0BAL COORDINATES SEGMENT TYPE ANU DATA
§ wa,p30Ee08  2,108Ee03 g,4Ll1E*04 &, 0n6Fe04 L2,108E%03 =7 _lasbegs % z
6 ~4,030Ee0d  2,108E003  7,146€404 4 076E00% .2,10BE+03 .5 881L.06
7 =4,036Es04  2,108Ee03 5. BBIE«0&  %,0786E¢04 L2,108E«03 =a_ 816E0004 0 wl,200E002 0.
8 =4, 0366408 2,108E903 4,615E408  4_036pe08 o2,108E+U3 ~3,352E+04 CURVE Xe 2c
9 =4,036Ee08  2,108€003  3,352E404  4,036Ee08 .2,108E+03 -2 087Ee04 ] 0. 0,
10 ~4,036Es g4 2,108E¢03  2,08TE+04  4,076Ee04 .2, 108Eeu3 =8,217E403 L] o, ~1,200E40¢2
11 *%,036Ee08  2.108E003 B,217E+03  4,076F¢04 .2,106E+03  a,432Ee03 CURVE Xe 4o
12 =4,030Ee00 2, 108E«03 »~a,432E¢03  4,076Ee0% .2,108E403 1, ,708Ee0s ' 'R
13 =4,036E+08  2,108€¢p3 =1, TOBE*0A  4,036E+08 2.108E°03  2,973Ees 10 1.200E%02 0.

18 =4,036Ee04 2,104E¢03 w2,973E¢04 4, 035E«04 .2,108E+03  &,238Ee04
15 =¢,036E+04 2,108E%03 ~4,238E404  4,016E%04 .2,108E+03  5,503Ee0e
16 ~a,036Ee04  2,108E403 ~5,503Ee084  &,076F¢08 .2,108E+03  6,768Ee0s

1T =4,030Ee08 o] BIZEe03 =5,T6BE404  #,036E+08 1 ,B92ES03  5,632E+04 TaBLE 1 = ELASTIC RESTRAINTS
18 =4,036Le08 <), 892€003 «§,632E004  4,036F004 1.692E43 &, a97€e0s

19 ™0 ,03BE08 <«].892Ee03 =4, 497EeO a,016E¢08 1.892E+03 3,362t 04 £HOM T CONTD "X sr R?

20 =8, 036Ee08 ~]1,B92E¢03 =3,362E404 S NIHES 0N 1.892E+¢3 2,227k pa

21 242276008 ~1.892E003 =4, 036E«00 «2,227E204 1,892E°03 2,901E04 o ¢ 1.000E%40 1,nDOE+20 1,000E420
22 2,227t e0% =1,892Ee03 «2,901Ee0a «2,27T7E«0s  1,892E403 1,766Ee04 1¢ 1o 10000E*20 1+00DE*20 1 4000F«20

23 24227E006 ~1eB92Ee03 |, TO6BEsDA <Z,327E004  1.892E.03  6,308E.0)
F2 20227E00% =] ,892E003 =6,300E403 -2,277E«0% 1,892E+03 =5 _045te03
25  2.227Ee0% ~1.892E403 5,045E403 =2,237Fe04  1.892E403 <) 6a0keps

26  2,22T€E40% =1,892Ee03 | ,640EeCh +2,027FE¢08 1 ,892E¢U3 ~2,77SEe0s TABLE o = ELEMENT STIFFNESSES

27 24227Eegt  =1.892Ee03  2,TT5Ee04 ~2,257€¢04  1,892€%03 ~3,910Le0s

28 242R27Eep4  ~1.892E+03 3.FIVE*O6  =2,277FE%04 1.892E9U3  ~5,045Ee0e FROW  TO CONTD oJ F1Z

29  2+22TEoph =1 .892E%03  x,045E°04 =2.237E%06 14892E%03 =a.180Le0s

30 2.,22T1E 004 =1 ,092E+0) 6,180E°04 =2,227E¢04 1,892E%03  «7,315k¢08 ‘ o 10 3e0L2€*09 I, TITE*09

31 2.227Eepa  =}.892E603  7,315E%0,4 =2.2376%04  1.892E%03 <-5.450Le0s
32 z.az;:*o* -1.3322003 e.;sgé'g. ~2.227E04 l.gezg*og -9.5$5§~o;
33 2,227te0% «1,892Ee03 9, S85Ee08 .2,357Ee04  1.892Eeu3  +1,072te0
36 202276008 =1+892E403  1.0T2E405 -2.,227E.08  1.B92Eev3  -1.186Ee05 TASLE & = APPLIED LOADS &M WOMENTS
s 2.227500“ -1.8922003 1.1835-05 =2 27 TEe0% 1.8922»03 -1.2992005
TEegh  =1,89 G9EL,05 . L] Bo2Esy3 =1, % -4
36 2,227E«p 1,892Ee03 1, 299E40 2,27TE«0 1,892€¢ 1,413640 fuom 1o CONTD " v -
TIME FOR rM[S PROBLEM w 0 MINUTES .621 SECUNDS

tLAPSEL Cou TIME = n MI<UTES 9,147 SECONDS 0 v e “3e770Ee02 =0.



PROGRAM PCER2 = DECK 1 = DAWKINS
PCOR 2 « EXAMPLE PROBLEMS FOR REPORT
CODED 7469 - wpPD

PRCE (CONTD)
cal1e SEMICIRCULAR 80N GIRDER « )10 INCREMENTS

TABLE & = RESULTS

STATION UISPLACENENTS IN GLOBAL COORDINATE DIRECTIONS

§Ta GLOBAL COCRDINATES DISPLACKFMENTS
X F X ROTATION v OEFLEE¢TION
8 =1,200E*02 G« =1.428E-1% =1.88%E~1T
1 =14 )81E*02 =3,708BE+01 =1,099F-03 »24364E-02
2 =9,T08E*01 ~T.053E+01 =1.081E=023 “84093E=02
3 =7,053E+01 =9.708Ee0) ] o P42E-03 ~le46nEa0]
4 *3,708E+0] ~1,141E¢02 «24036€-02 «1.974E<01
5 O, =1.200E¢02 «2e05TE=03 =2+165E=01
& 3,708Eepl ~1.141Ee02 2 034E=03 =l .976E=0L
7 1,083£401 ~9.T708E¢01 «1,942€402 ~l,468Eall
€  9,708E+01 ~7.uS3Ee01 «1,681E-03 «8,093E=02
9 JelslEegz ~3,708E+0) =1.099E=03 =2,364E~02
10 1.200E+02 0, =1+%28E-1% ]2 888E=17

BEVISION 0aTE 22 JuLY 1970

T ROTATION

~4¢,385E~16
«4 o ITBE=0%
-6 493E=0
“6v079E~04
»3e607E-0
=1 .249E~) 0
3.607E=-04
6,079E~04
6. 493E~04
4.378E~0%
4,IBSE~1D

PROGRAM PCURZ = UECK )| - DaWKINS
PCGR 2 « ExaAMPLE PROBLEMS FOR REPORT
CHOEV 1789 = WP

PROB (CONTQ)
cG12 SEMICIHCULAR BUW GIADER » 10 INCREMENTS

TABLE - & (CONTD)
ELEMENT ENC FURCES IR NOARAL anD TANGENTIAL OInFCTIONS

ELE™ ENG(lw1) ENp I
N0 TwlsSTING SnEAR BENDING TWISTING SHEAN
t HOMENT FORCE MOMENT MAMENT FORCE

1 "e,3895Eep4 Ja098Eeqn 1,428E 05 T+%32E¢03 «1,096E403
2 =7,532e+03 1e319E+403 B,647E¢04 <1,121E*06 o1,319Ee03
3 1.18l1E*04 G.425E002 3,563E+04 ), AT0F004 L9,425E002
4  1.670Ee08  S,055E¢02 =4, TIVEe03 <Y, 1T1E+08 5,655E¢02
5 1.111te04 188598002 =3,06)1E+04 <3,98R8E=09 «].B85EU2
6 =0,57TE~0F «] . H85Ee02 ~3,954E«04 1.111E404 1,.8a5E%02
T o=l JdllEeod -8 ,065E«02 ~3,.061E+04 1+870E004 5,655E 02
8 =1,670Le04 25,42%Ee02 =4,710Ee03 1.181E004 94256902
9 <), 181Ee04 w),3i9he03  3,563E+06 =7,%32€+03 1, 310Ee¥3
10 75326403 ~1«0F6Ee03  B,647FEe04  =4,385E006 ] 896Ee03
TIME FOR IS PRUBLEx = 0 MINUTES

ELAPSED Cou TIME =

n MINUTES

REVISION UATE 22 JULY 1970

BENDING
MOMENTY

A, b4TEeps
-3,563E¢04
4,710€403
3,0616+04
3,954E¢04
3,061k004
4,710E403
34,5630 004
~8,847E004
-1 +428E+ 05

208 SECUNDS

9,381 SECONDS

£6



PROGRAM PCGRZ = DECK | = UAWKINS
BCGR 2 « EXAMPLE PROBLEMS FUR RePORT
cnDED 71769 = wPp :

PRO#B

REVISION OATE 22 JULY 1970

€633 SEMICIRCULAR Buw GIRDER - 20 INCREMENTS

TABLE 1 « PROGRAM CONTROL DATA

PRICR=0ATA OPTIONS
NUM CARDS INPUT THIS PROBLENM

TABLE 2 ~ STATION COORDINATES

S$TA GLOBAL COORDINATES
X 4
] =1,200E+02 G
14 G w14,200E02
20 1,200E+02 -

TABLE « = ELASTIC RESTRAINTS

FROM YO CONTD RX s5Y
4 0 1.000E%20 1.000E%20
20 20 1.000E+20 1,000E+20

TABLE & = £ EMENT STIFFNESSES
FROM  TO CONTD <X g1z

¢ 20 3.022E40% 3, TTTE0Y

TABLE & = APPLIED LOADS AND MOMENTS
FROM  TO CONTD Am FY

0 20 =0e =1.8B85E€+02

TARLE NUMAER
3 .

2 5
3 2 1 1
SEGMENT TYPE ANU DATa
cuave Xe 2
O« g,
CURVE X¢ 2c
G G,
L}
1,000F420
1.000€+20
I
-0,

FROGRAM PCGRZ « DECK 1 = QAWKINS
PCGR 2 « ExsMPLE PROBLEMS FOR REPORY
CODED 7769 = wpp

PRO8B (CONTO)

€613 SEMICIRCULAR sun GIWDER o 20 INCREMENTS

TABLE & = HESULIS

STATION DISPLACEMENTS IN GLUBAL COORUINATE DIRECTIONS

$Ta GLOBAL COORVINATES
& z
G =1l.200£s02 O

1 =1,1856+02 «1,8778+0)
2 -1.,1¢]1E+02 «3.708E0}
3 =1,063E902 «5,448E¢0)
4 =9,.704E¢01 ~7,u83E¢0]}
5 =8,485E001 =B n85E¢0]
& =7,053E«01 ~9.703E¢0]
7 =5,sedbegl =1.069E002
a =3,708E+0] ~l.lé1Ev02
§ =1.877kegl ~1.188E02
160 L] «1,200Ev02

Ll
11 LeB8718001
12 3,108E901
13 SeseBbegl
1e 7,053Ee01
15 8.485E40!]
le  9,708Es01
17 1.089E202
18 lalelteq
19 1.185€e02
20 1.200E902

=1+185E202
~leialEeQ?
wlsQb9Eep2
-9.7008E00]
wfowBSES0]
-T40%3E001
=GeedBEe]
~3.708E00)
]l 877€00)
0.

X% ROTATION

=1,437E215
“6,296E~04
-1,101€-03
“l.%43E-03
=1+680€-03
«1.,837E-03
“1.,935E-03
=14993E~03
2,024€-02
~2,039E=03
«2,043E-03
*2.039E=03
«2.024E=03
«1.993E=03
=1.936€-03
=1,837E-03
=1:4a0€=03
~1e443E=02
=1.101E=03
~0.296E=04
“le%37E=15

Y

DISPLACEMENTS

DEFLECTION

els88%Ew17
‘60356£0°3
2. 397E.02
=5, 004E-02
=8y 144E«02
~1e150Ew01
=14 47%KEwD]
wle760Ex0]
=1.983E-0]
~Ze124E~01
«2,173E-01
“24124Ew0]
«1.984E-0]
=1 +78pE=01
]l ATREWD]L
=lel5pEx0l
~Bel4nE02
«5.004Ee02
«2+397E-02
wbhoISAE«0]
] oB8KEw1T

REVISION DATE 22 JULY 1970

7 RUTATION

whyJ10E~10
w2 STHE= O
4 433E-08
w5 BGAE=0®
wh,650E=0%
wh,TaTE=OA
6 Z2BE-0%
“§,174E-0%
-3,595E=-04
] «F23E =04
6,128E=15
1.923E=-0¢
3,895E-0¢
5.174E-0%
6.,228E~0*
6.747E=0%
6.650E=04
5,894E=0%
4,4831E=-04
2. 476E=0*
4:31pE~10

%76



PROGRAM PCGR2 = DECK | = OCARKINS REVISION OATE 22 JuLY 1970 ) PROORAM PLGRZ = DECK | = DAWKINS QEVISION DATE 22 JuLY 1970

PCGR 2 = EXaWPLE PROBLEMS FOR REPORT PCBR 2 « ExamPLE PROBLEMS FOR REPORT
COOED 7/49 = wpp CODED 7/69 = WD
PROB (CcONTUL} PROB
€613 SEMICIRCULAR BOW GIRDER « 20 INCREMENTS c621 SOLUTION OF BEAM = EXAMPLE PNOB & ~ CFHR REPORT Sg=1
TABLE = & LCONTD) TABLE 1 = FROGRAM CONTRUL DATA
. TAPLE NUMBFR
ELEMENT END FORCES IN NORMAL AND TANGENTIAL DIercTIONS 2 3 4 s
ELEN END(1=1} ENDLE) PRIOR=DATA OPTIONS
NO. TulsTING SHEAR HENDING TWiSTING SHEAN BEND ING Nus CARDS IRPUT Twid PHOBLEmM 2 s 1 2
(I MOMENT FORCE MOMENT MANENT FORCE MOMENT
1 *4,310Ee08 1.T91E003 1, A37E405 2,.273E004 o1,791E0u3  «1,151E+05
2 %2,273Ee04 1, 6026903  1,1S1E¢05  5,.832Fe03 o1,602E403 -5, 7138004 TABLE 2 = STATION COORDINATES
3 =06,822E¢03  1.4J4Ee0) B, TIIEC04 w4 BHIE40T ol 414E403 ~6,058E004
§  4o803EeQ3  1.225Ee03  6.058Es06 =1 201Ee06 o1.2256¢03 -3.608Ee04 Sta GLOBaL COORDINATES SEGMENT TYPE ANV 0ATA
5 1.261Ee08  1,037E403  3,608E004 ~1,837E004 o1,037E003 =) 424Ee04 X z
& 1,63TEe0d B AB2EL02 ) 424E4D4  «] ,7)aFe04 B 4B2E00Z  4,424E00)
7 TeT14E0qa  6.59TE002 4, 424E003 «] SATED% «6,597E402 1,944k 00¢ [ O, ' i
8 1,527E404  4,T12€¢02 =], 904E406 <],136Fe04 -4, 7126002 3,063Ee04 STRATGHT
9 1134Ee06  2,827EeQ2 «3,043E004 «6,073F403 <2,827Eeu2  3,714EeQé 4 4.600E*0Z 0.
10 6,023€403  9,425E40] «3,714Ee0s  B,584F~08 =9,428E¢01  3,939te0s
11 *1,164E407 «9,425E01 «3,939Ee04 6,023E*0I 9,428E+0) 3,71aE006
12 =06,023E+03 «2,827E+02 «3,T714Ee0a  },134E+04  2,B27E002  3,0e43Ee04
13 =1.139E008 <4 T12E402 ~3,043E404  1,%27E€06 4. T12E402  },944f008 TABLE 3 = ELASTIC WESTRAINTS
14 =1.52TEe04  «6,597E402 <) ,944Ee0s 12714E004  6,597E*U2 &, 424E00)
15 =1a714E006 <BeaB2EsD2 =4,424E003  1,637E004 B,482E¢02 =] ,424E00a FROM  To CONTD “K sy L1
16 =1.63TEe04 «1.03T7E003 | 424Ee04  1.241E*06  1,037E403 «3,608Ee00
17 =1,241E204 o] .225E+03 3,508E+04 4.8g3E*0) 1.228E903 =6,058E004 16 1¢ 1.000E400 2,8T0E¢05 =p,
18 ~4,.803E+03 ] .A14E+0) 6.,058E¢04 =6,802F+03 1.414E%03 =g, 7136404 20 20 ~0a 2.670E405 =0,
1% 6,822E4p3 <] .502E 402 B,TI3E*04 =2 ,273E %04 1.602E%03  =1,151E¢05 30 ~0 CONT 0. 8. -0,
20 2:273E004 <] ,791E2p) 1.IS1E¢08 4 ,370E+04 1.791E¢03  ~3 4378408 «0 ag -y 1.250E+06 «0,
TIME FOR THIS PROBLEX = 0 MINUTES 429 SECONDS TABLE & = ELEMENT STIFFNESSES
FROM  TO CONTL [*9] Flz
ELAPSED Cpu TINE = 0 WINUTES 9.810 SECONDS ¢ e 1+000E*00  S5+000E+09
TAHLE & = APPLIED LOAQS ARD MOMENTS
FNOM YO CONTD M FY In
& =0 CLNT «0, Oe =0
=0 35 CONT =0, 4,950E¢0F ~0,
) 40 w0 4,050E%0F =0,

S6



PROGRAM PCGRZ - DECK 1 = DAWK]INS
PEGR 2 = EXAMPLE PROBLEMS FOR REPORT
CODED 7/69 = wpD

PROB (CONTY)
<621 SOLUTION OF BEAM = EXAMPLFE PROB & « CFun REPORT S4-1

TABLE & = HESULTS
STATION DISPLACEMENTS IN GLOBAL COORDINATE DIRFETIONS

$Ta GLOBAL COORVINATES OISPLACFNENTS
X z %X ROTATION Y DEFLECTYION

0 0, G ' 5,775E~01
1 Le200Ee0} 0. 0 Se198€=01
2 2.4400E¢01 O 0. 4.623E=01
3 3,600E+01) [: 2% Qo be0ASEnD]
4 4,.800E401 0. 0. 3,471E=0]
5 6.000E+p) De 0. 24903E=01
&  T.200€+01 O. 0. 24347Ew0]
7 B.400E+01 0. O 1.813Ew0]
8 9,600E+01 Qe Qe 14309Ea0}
9 l.080Ee02 0. O» B.B4qEw02
10 1.200Ee02 0. 0, 4, TO1EwD2
11 1.320€002 Qe O 1+731EwD2
12 1.4406+02 O. [ wh 0 TIEO3
13 1,560E.02 0, 0. 1l ?771E-02
14 1.680E+02 Oe O “2e34GEa02
15 1,800E+02 0. 0. =2, 051E=02
16 1.920E+902 O [ 1% «T4197E«03
17T 2.040Ee02 D4 De 1.908E~02
18 2.160E+02 0, [N 6,167E~02
19 2,280E002 O O le24gE~01
20 2.400E402 04 0. 24143E-0]
21 2.520€+02 0. 0. 3.331E-01
22 2,640E402 0o O 4.T724E=01
23 2.760E.02 O [ 18 6,213E-01
24 2,880E+02 [ Qe T+701E-01
25  3.000E002 0. [ 9+10%Ew0]
26  3.120E+02 0, 0. 1,035E400
27 3.240E402 -0 0. 1e130Es00
28 3.369E002 0. [ le218E000
29 3.480Es02 0. 0, 1+26QE+00
k1] 3,6800E002 Qe - 1e291E%00
31 3.720Ee02 0. 0. 1.284E+00
32 3.840E002 e [ 1+25%E400
33 3.960E+02 0. ‘N 1,209€00
as e,080E202 oo ' 1+130E+00
3s a,200E%02 G O 1«045E+00
36 4,320Ee02 0. Q. e50KE~01
3T 4, 440E002 0o O 8a494E~0]
M 4.560E402 0. 0 T.481E-01
39  a,080E%02 O« Qe 6+395E~01
40 4,800E+02 0. O 5.328E=01

REVISION DATE 22 JULY 1970

7 ROTATION

~4.,810E-03
=4, 8] 0E=03
«4,808E-03
~4,196E~03
=4, T63E=03
=% b52Em0d
-4,56]En03
w4, 348E~03
=4y 0)12€~03
~3,527€-03
~2,850E-03
=2.116E~03
=} 455E~03
«8,156E=00
~]s343E=04
5,499E=0%
1+608E~03
2,813E-03
4.342€-03
6,281E=03
8,718E~03
1.891E=02
1.215€-02
1.253E~-02
1e215E=02
1ed]4E=02
94599E=03
To655E=03
S.43aE~03
34065E-03
6+859E=00
~1.565E-03
“3e567€=03
-5,247E-p3
b ST2E=p3
“TSagE=0d
~8,202E~03
~8+593E«03
~8.7B7E~03
-8.,856E-03
=8.869E-03

PROGRAM PCLRZ = DECK 1 = DANKINS
PCOR 2 « EXAMPLE PROBLEMS FOR REFOMT
CODEV 7/869 = wPD

PROE (CONID)
ce2l SOLVTIUN OF BEAM = EXAMPLE PHOE 4 »

TABLE » & (CONTO)
ELEMENT EnQ FORCES IN MORMAL AND TANGEATYIAL

pEVISION DATE 22 JUuLY 1970

CFun REPORT Sg=)

OIRFCTIONS

ELEM ENp{le]) ENptl)
MO TwisTING SHE &R BEND ING TwiSTING SHEAH
33 HOMENT FORCE MOMENT MOMENT FORCE

1 0 4 396E=0T =-73,159E-08 0, &, 396E=07
4 [ 1,650E402 =~1,356E«0¢ 18 ) 650E*02
3 9, 44950902 «1,980£403 g, -4,950E 02
& O 94900E+02 ~7,920E483 o, -9,900E+02
5 9. 1.050E003 ~-1,980E404 0, «1,650E+0)
& 0. 2+915E¢03 =3,960E+04 ' w2, 0TSE+03
7 0. 3,465E¢03 ~4,330E+04 0. «3,468E+03
8 e 44620E¢03 =) 109Ee08 'W b, 6206403
Y D Se940E%03 «],663E+05 o, -5,940E03
15 0. Ta025E003 «2,376Ev08 o, wT.,825E¢03
11 U =3 1TE 903 «3,267E¢05 o, 3,477E403
12 e =] 20626903 w2 ,08%50E905 Os 1.662E40)
12 6. FJTTESg2  w-2,650£405 o, =3 ,177E %02
18 0. 2ev03E03  «p BBUE 05 0. ~2.,463E403
15 L' 4 T73E003  «p 98aEs0S e «%,773E403
16 U 7.208€003 -3 5576408 g, =7.,248E403
17 0. §+888E403 =4,420E+08 g, -9.888E+0)
1A 0. 1.269E%04 «5,613E¢05 g, ~1.289E%04
1% T 1+566E204 ~7,130E+05 Qo ~1+568E%4a
k0 4. 1.880E%04 =~o.0l5E*05 o, «1,880€404
21 0. 23.513E+04 «1,127E006 e 3,513E404
22 0. =3.166E+04 ~-7,056€405 o, 3.166E04
23 . =2.5203E+06 «3,250E405 ¢, 2,802£¢04
24 De =2.,028E¢04 1.0T4E+ 06 O 2.424E404
25 0. -2.v28E208  3,010E.05 g, 2.028E+04
26 0. ~1.015Ee04  §,449Ee05 ¢, 1.615€+04
27 . -1.186E«08  T,387E405 ¢, 1o184E+04
28 0. =7.%07€E403  A,BlIEe0S ¢, T.407€+03
29 o0, =2,747€403  ¢,7a0E«05 o, 2,787E+023
TR 1-998Ee03  1,003E%08 ¢, -1.998E€ €03
3 Ve 6.9a8E403 9, T99E+ 08 0. -b,948E4+03
3z 9. 1.U29E%06  R.961E405 o, -12029E+04
33 o, 1.£10E+Ds  7,T20ge05 o, ~l,210E%04
3a Q. 14255E¢04 6,274E008 6. wl 258E*04
35 0, 141B4E*0a  4,.T68Es05 0, =1,184E+0e
s 0, 1o 4206Ea 0N 3,347E05 o, -1,028E 08
37 0. 84uB1Esg3  2,110Ee05 Q. =8.08)E+03
18 'N §,59TE+02 1,146E208 0. «5,59TE+03
L (Y 3098k 403 4. T81EeQs O »3.098E403
.0 <, BydBIED2 1.020E004 Oo -B,551€¢02
TIME FOR tHMIS PROBLEV » ¢ HINUTES 766 SECONDS
ELAPSEL Cou TIME = a MISUTES 10,576 SECONDS

BENUING
HOMENT

=2, 9B0E=06
1,980€+03
7.920E403
1.980E«04
3,960k 004
6,930E004
1,109€405
1,863E+95
2,376E05
3,267E +05
2,850E405
2 ,650E+05
2.688E 495
2.,984E 405
3,557E20%
4, 426L405
5,613E+05
T.136E 405
9,015E905
1,127E 008
7.,056L+05
3,256E405
#]1 OTAE QR
~3,016E«05
-5 449k e 05
“7,387L¢0S
~8,811E.05
“-9,700E205
*1,003ke06
-9,795E 205
~8,961E205
~7.726E205
-8, 274k +05
-4, 7686405
=3,347E 05
=2,116L498
~1.146Ee05
-4, T61E 904
wlys028E00s
=1 ,669k=06

96



PROGRAM PCGR2 = DECK ]| = DAWRINS
PCGR 2 = EXAMPLE PROBLEMS FOR REPORT
CODED 7/69 = WPD

PROB

cay MARYLAND REPORT = LOADING CASE 1

TABLE 1| = PROGRAM CONTROL OATA

PRIOR=0ATA OPTIONS
NUM CARQS INPUT TH1S PROBLENM

TABLE 2 = STATION CDORDINATES

STA GLOBAL COORDINATES
X z
0 =1,600E+02 24174E+01
20 1,600E+02 2.174E+01

TABLE % = ELASTIC RESTRAINTS

FROM TQ CONTD RX SY
9 [4 1,000E+20 1,000E+20
20 20 1.000E*20 14000E+20

TABLE & = ELEMENT STIFFNESSES
FROM Tg CONTD CN] E12

¢ 20 2.,829E+06 1.086E*09

TABLE 5 = APPLIEO LOADS AND MOMENTS
FROM TO CONTD AM FY

10 10 =04

=1,000E+03

REVISION DATE 22 JULY 3970

TABLE NUMBER
L] 4 L]

SEGMENT TYPE ANU DATA

CURVE Xe c
0. ©4.000E402
RZ
1.,000€420
1e000£ 20
r4 |l

-0,

PROGRAM PCGR2 = DECK 1 = DawKINS
PCGR 2 = EAAMPLE PROBLEMD FOR REPORT
COOQED 7/69 = wPD

PROB (CONTL)

€G3} MARYLAND REPCRT = LOAUING CASE 1

TABLE A = HESULTS

STATION DISPLACEMENTS IN GLOBAL COORUINATE DIRFCTIONS

STa GLOBAL COCHUINATES
x 4
0 =l,600te02 2.474E401
T =l.e43E002 1.763E+01
2 =],2806E+02 1.395€+01
3 =1.12TEeq2 1s069E0]
4 =9,67SE+01l 7.865€E+00
5 =8,073k«0] 5.469E+00
6 =b6,4606Ee01 3.507€+00
7 =4,853E01 1:¥79E Q0
8 =3,238E«01 8.8T70E=01
9 =l.619te0l 2.314E=-01
10 24547E=]1 1.28}E=02
11 1,619E0)  2.314E=0]
12 3,238k 01 8.8T0E=01
13 ©.,853E01 1.9T9E*00
14 6.466t*01) 3.507E400
15 8,073E+01 5.46vE*09
16 9,675E+01 7,865E+00
17 lel27Eep2 14009Ee0]
18 1.286E+02 1.,495E401
1o lo%43keg2 1.763E+ 901
20 1.600E+02 2.174E401

X ROTATION

=1.086E=16
1.018€-02
le417€-02
14310€=02
8,154E-03
5,243E-04
«8,563E-03
=1.787€=02
-24613€-02
=3,209€-02
=3,450E-02
=3.209€=02
=24613E-02
=1.787€=02
=84563E-03
5.243E=04
8,154E-03
1¢310E=-02
1.817g-02
1.018E=02
-1,086E=-16

o1
Y

SPLACEMENTS

DEFLECTION

=5,000E~18
=5.707E=03
=2.,620E-02
=6,137E-02
=1.08pE=01
=leb643E=01
=2,225E=0]
=2.715E=01}
=3.23nE=01
=3.536E-01
=3.646E=01
=34534E=01
=3¢230E=01
=2.775E=01
=2¢225E=01
=] s643E=0]
=1,088E=01
=64137E=02
=2,620E=02
=5, 707E=-03
=5,000E=-18

REVISION DATE 22 JULY 1970

Z ROTATION

=4 ,880E=-106
=3.,376E=-03
=4,0888E-03
=5.122€=03
=4,573E=03
=3,636E=03
~2.607€-03
=1¢684E=03
“9.630E=04
=4,374E=0¢
=3,178E=14
4+374E=0%
9.630E=04
1.684E-03
2+607€-03
3.636E-03
4,573E=-03
5.122E~03
4.888E-03
3,376E=03
4,880E-16

L6



PROGRAM PLGRZ » DECK 1 = DAWKINS
PCGR 2 =« EXAMPLE PROBLEMS FOR REPORT
CODED 7769 » wpp

PROB 1CONTD)
Call MARYLAND REPORT = LOADINg CASE 1

TABLE = 6 (CONTD}
ELEMENT END FORCES 1N NORMAL AND TANGENTIAL DIRECTIONS

ELEM END(I=]) ENpL)
NDe TWiSTING SHEAR BENDING TWISTING SHEAR
n MOMENT - FORCE MOMENT MOMENT FORCE

1 =2,543E403  S5,000E002  4,993Ee04  1,304Fe03 .5,000E¢02
2 *1,304£403  S,000Ee02  4,188E«0s  2.834F¢02 5.000€¢02
3 ~2.824E¢02 5,000E402 3,381E+0¢ «5,209E402 .5,000E+02
*  5.209€902 5.000E002 2,570E004 ~1,105E+03 .5,000E02
E 1.1056£¢03  5,000E+02 1o7SBE*O4  «1,4706+03 .5.000E402
& 1e470Ee03  S,000Ee02 0, 450E403 ]1,515E403 .5.000E#02
7 1.615€E+03  5,000Ee02 14310203 «1,8416+03 .5,000£002
6  1.,561Ee03  5.0008002 <«4,831E403 «]1.247E403 .5,000E°02
G 1,247Eeg3  5,000Ee02 w1, 497E+04 «7,328E«02 .5,000E402
10 7.328E402 5¢000Ee02 <=2,309E406 ~2,973E~08 «5.000E.02
1l 3,084E=0B «5,0006002 ~73,120Ee04 T, 372BEe02 5,000€+02
12 «72328E002 <5+000E002 «2.,309Ee04 1e247E¢03  5S.000Ee02
13«1 24TEe03 =5,000E402 «],497E+06  1,541E*03 5,000E02
14 =1,561E¢03 «5,000E402 =6,831E¢03 1,8156403  5,000E02
15 ~1,615€403 <5,000E+02 1,310E403  1,470E+03 S5,000Ee02
16 =1,470E¢03 =5,000€¢02 9,450€003 1,]105E403 5,000E¢02
17 =1,105E¢03 <5,000€e¢02 |,7S8Ee04  §,239E¢02 5,000E¢02
18 *5,209Ee02 ~-S5.000k+02 2,570E404 <2,834E+02 5.000E+02
19 2.B26Ee02 ~5.U00E402 3,381E406 «1,304E003  S5,000E+02
20 1¢300E*03 ~5.000E%02  4,188Ee04 ~2,543E+403 S,000E°02
TIME FOR THIS PROBLEN = 0 MINUTES

ELAPSED Cpu TIME =

0 MINUTES

10,940

REVISION DATE 22 JULY 197¢

BENDInG
MOMENTY

4,188
=3,301
~2.57¢
~1.758

=5, 450

=1,31¢0
6,83
1,897
2,309
3.120
2,309
14497

2313
2713
X3
-e (&
=e 03
*03
*02
2717
Eea
e G4
2Y:1%

Eo 04

6,831E03
w1,310€¢03
-9,4506003
«1.758E0 04
“2,570E006
3,30 1Ee04

~4,1B8E

sO0N

-4, 993E 008

«364 SECUNDS

SECONDS

PROGRAM PCLRZ - DECK 1 ~ DANKINS
PCGR 2 = EXamPLE PROBLENS FOR REPORT
COUED 7769 « wPD

REVISION DATE 22 JULY 1970

PROB
Ce3e MARYLAND WEPQOMT - LOADING CASE 2

TABLE ' = PROGHAM CONTAOL UATA
TARLE NUMBER
3 L4 s

PRION=nATA UPTIONS KEER «fEP KEE®
Nud CARDS INPUT Tr1S PRUELEM 0 0 [ i

TABLE 2 =~ STATION COORDINATES

§Ta GLOBAL COORDINATES SEGMENT TYPE ANU DaTa

X 4
USING DATa FROM TwE PREYIOGUS PRDBLEM

TABLE 2 = ELASTLIC RESTRAINTS
FROW TQ CONTD HA sY RZ
USING DATA FROm THE PREVIOUS pROBLEN PLUS

NONE

TABLE o« =~ ELEMENT STIFFNESSES
FROM  TQ COMTY 8] [ ¢4
USING DaTa FROW Tre PREY1IOUS PROBLEM PLUS

MONE

TABLE & ~ APPLIED LOADS AMQ MOMENTg
FAQOM  TO CONTUY M FY N

& & -0 =1eg00E*03 =0,

86



PROGRAM PCGR2 « DECK ) « DAWKINS REVISION OATE 22 JULY 1970

PCGR 2 = EAAKPLE PROBLEMS FOR REPORT
CODED 7769 ~ wop

PROB (CONTL)
£ay2 HARYLAND REPORY = LOADING CASE 2

TABLE & = RESULTS
STATION DISPLACEMENTS IN GLOBAL COORUINATE DIRECTIONS

$TA GLOBAL COORDINATES DISPLACKMENTS
X F A ROTATION Y DEFLECTION
0 =1s600E402 241T4Eep] =1+380E«16 =8e204E=18
1 =1.443Ee02 1,763E+01 8,245€-03 b, TIRE~03
2 «l.286E402 ) .395Eeq) 9.548€-03 ~24063E~02
3 =l.127Ee02  1.069Ee0) S,818E-03 =54309E~02
4 =9,675€+0]1  7.885Ee90 «9,843E-04 =]e053E=0]
§ =8,073Eep] 5.469E+00 ~8.859F.p2 =] oh89Ew0]
6 =b.4bbEsp] 3.507E+00 «1,578E=02 «1e873Ex0]
T =4,853E+01  1.979E+00 =] +970E~02 2147601
8 =3.238E+01 8.87pE-p] ~2+106E=02 “2.298E=01
e ~1.,619E401  2.314E-0) «2+030E-02 ~2+31a€=01
10 2.547€«11  1.281E~-02 ~1.787E=02 «2,22%5E-01
11 1,619€e51  2.314E-q] *1,420E~02 «24035E=01
12 3,238£+01  B.8Y0E-0] ~9:740E=03 ~14773€=01
13 4,853Ee01  1,979E«p0 b 997E 03 «l,460E=0]
14 G,a66E¢0]  3.507E«00 =3 852E~08 =1+130Ee0]
15 8,073€e0)l  S5.469€+00 3,885E-03 =-8,078Ea02
16 9,675Ee01  T.865E+00 6el11E-03 =S.187E=-02
17 1.127€+402  1.069E+0) 8,275€.03 =24841E=02
18 1.288E¢02  1,395Ee01 T4951E=03 ~1e178E=02
19 Lo%43Ee02  1.763E401 S.J26€-03 =2.,443E=03
20 1.600E402 2+.174E00} =4 b N4Ea]T «l.794E-18

Z ROTATION

“5,864E~1 0
«2,968€=03
»3.910E=03
‘305555-03
“2+857Ew03
=14385E%03
»FAH5EmGE
2.970E=0%
6+172E-p4
T+708E~04
8,786E=04
1.025Ew03
1.259E~03
1.590Ew03
1«998E=03
248)11E=pI
2+T41Ew03
2+85]1E~03
2.572€E+03
1.701E=03
2o0T6E-1D

PROGAAm PCGRZ = DECK | = DAWNKINS REVISION DATE 22 JULY 1970

PCGR 2 » EAAMPLE PRORLEMS FOR REPORT
CODEL Y769 » wop

PROB (CONTY)
c632 MARYLAND REPUW! = LOADING CASE 2

TABLE = 6 LCONTL)
ELEMENT ENO FORCES IN NORMAL AND TANGENTIAL OIRECTYIONS

ELER END(I=]) ENpLL)
NO . TWISTING SHEAR BENDING TWISTING SHMEAN
tn MOMENT FORCE MUMENTY HOMENT FoRCE

t *24338b%p3  B,208Ee0z  .019E«04  B,020F*02 «8,204E¢02
2 *8,920E+02 B.ZOAEeOR  4,895E¢04 «],0£2F002 LB,204E+02
3 1.962t 202 BL204E*Q2 3,367E«D4 <9 ,254FE+02 LB, 204EU2
A 9,250E+02 B.204EsD2  2,03TEeQ4  «],296F¢03 .B,204E02
§  1e296E003  B,204Ee02  T7,088E+03  =1,346E¢03 B,204E402
& 1.306E+03 BoZ08E0Q2 «§,270E003 «9,569E402 B.204E02
7T 9.569E¢02 ~1.T96Ee02 =1 ,95VE*04 =4 ,649E002  1.796E402
8 4,669E002 1., T96E002 w} 6TIEeD4 5,57 1E+01 1.796E+02
9 S¢S11Evgl =1.796+02 w) 380E«04  2,782€402 1,796£402

16 =2,782E002 «1,796E¢02 «1,089E+04 5.329E%02 1.796E%02
11 =5,32VE602 <] 796EeD2 w7 9T74E403  T.08TEs02  1.796E002
12 *T.0B7E¢02 «1,794E¢02 -4, 049E+03  B.0c4E%02  1.796E402
13 =B,0546402 ~«l+796E902 «2,)120E403 B.271E402  1.796E%L2
1o "8.231E402 ~1.796E¢02 n, )03E+02 T7,617E«02 1.796E¢02
18 =7,617E+02 «]1,796E402  3.740E«03  6,212E402 1.796E%02
16 =6.212Eeg2 ~).796E402 6 66TE03 4 .p1BE“02 1.796E°02
17 =a,018E+02 <) 796E402  9,58YE+03 ] ,036E%02 1.796E*02
18 =1 ,036L+02 ~l.T9BE02 1+250E¢04 «2,732E¢02 1,796E02
19 2.732E402 «) . 796Ee02 ] ,541E¢04 +7,283E402 1.796E%02
20 7,2838002 ~=1,796E002 1,831E406 «],261E¢03  1,798EeUR

TIME FOR TH1S PROBLEM = 0 MINUTES

ELAPSED Cpu TIME = A WINUTES 11,347

BERDING
MOMENT

4 ,6956004
=3,3678 404
~2,037E¢08
=7.,048E 403
6,276E403
1.955E 404
1.671E004
1+38pEs0e
1.085E«08
T.9Take03
5,049€¢03
2.,1206403
=8,103E002
~3,740E403
-6,66TEe0)
9,589t ¢03
=1,250E404
=1 ,543E006
~1.831E%0¢
~2,119E¢ 08

07 SECUNDS

SECONDS

66



PROBRAM PLGRZ = DECK 1 = DAWKINS

PLOR 2 ~ EXAMPLE PROALEMS FOR REPORT
CODED 7/6% = wWeD

PROB

CBal TYRICAL CURVED MIGMWAY GIAOER

TABLE 1 =~ PROGRAM CONTROL DATA

PRICR=DATA OPTIONS
NuM CARDS INPUT THIS PROUBLEM

TABLE # = STATION COORDINATES

STA SLOBAL COCRDINATES
X 4

[ S,T00E+03 0,

32 S,648E003  T.657Ee02
62 S,504E*03 ) .4BIE+0I
8e $,360E°03  1.940F¢03
109 BL099E*03  Z2.547E+03
118 4 ,994E*0) 2.TapE+03
156 4 ,492E+03 3.509E+03

TABLE 3 = ELASTIC RESTRAINTS
FRON  TO CONTD RX sY

[ - 1e000E*20
3 3 T.000E40% 3.500E+08
13 13 7+000E*0% 3.500E0%
23 2 14000E*0S 3.g00E+0S
26 26 “0s 1s000E%2¢
33 N Te000E40%  Jag00Es0S
43 43 T+000E%05 3.000€+0%
$3 3 7.000E°05 3.000E+08
63 63 T.000E*05 3.000E+05
69 69 -0 1.000E+20

2

=0

Re000ES08
8«000E+08
Be000E408

wls

8.000F 408
Be000£408
8.000£408
BeOODE 0B

*Ve

REVISION DATE 22 JuLY 197¢

TARLE NUMBER

3

L]

SEGMENT TYPE AN 0ATA

CURVE

CURVE

CURVE

cunve

Cunvt

CURVE

RZ

(1Y

Os

O

Oe

0.

Ge

4

10

10

Ve

€.

LD

LI

0

c

2

¢

44

zc

44

73

a3

93
03
113
123
12%
133
143
153
156

18
138

TABLE 5 =

FROM

T+ 0UQE+05
T.000E405
ToGO00CE+0S
T.000£¢08
T.000E¢0%
T.0U0E08
-Ue
7.0006+05
T«0Q00UE*0S
7.000E%0S
=0e

ELEMENT STIFFNESSES

TO CONTD

156

GJ

1.824E007
1,%20E408
1.420€E+08
le420E*08
64 235E+08
¢,537E+00
1,%2Q0E+08
1.420E408
i.802E+08
T.826E407

3,000E+05
3, 000E+ 05

3.000E+0S

3,000E00%
3.000E40%
34p00E+0S
1.000E+20
3.000E+0%
3,00CE+05
3,000€+085
l.p00E*20

€1z

2.339E411
FoTATESLD
2,922E411
2,922E411
2. 054E+11
4.000E+1]
2,522E+1)
2.922E+11
1,519+ 11
2.339E+11

APPLIED LOADS AND MOMENTS

T0 CONTD

An

0o
“0e
0

w0
wle
-0
=0
-G
-0

FY

~les70E403
~§4800E¢01]
»1+T49E+D]
=1 +720E¢0)
~]1s360E402
*1.825E+0)
~l.a16E+03
=1+720E40)
=1+p20E*02
=16 T0E*0I

B,000F+08
B.000Fa08
B8.000E+08
8.000E.08
B8.,000Fs08
8.000F 08
=l

BeODOF40B
Ba0OOE«0S
8,000F408
-0,

P4

=0,
0
“0e
~0.
-0,
0w
=0
-0
=0
-0

00T



PROGRAM PCORZ = DECK 1 = DAWKINS
PCGR 2 = EXAMPLE PROBLEMS FOR REPORT
CODED 7/69 - WP

PROB (CONTD}

casl TYPICAL CURVED HIGHWAY GIRDER

TABLE & = RESULTS

STATION DISPLACEMENTS IN GLOBAL COORDINATE BIREFTIONS

STa GLOBAL COORUDINATES
X z
@ S.T00Ee03 0.

1 S5,700€¢03  2,400E+0)
2 5,700E403  4.801E¢01
3 S5.T00Ee03  7.201Ee0)
4 5.899E+03  9.801E0)
5 5.699E+03  1.200E¢02
6 5.698E¢03 1+440€¢02
7  5.698E+03 1+680E 02
8 5.697E+03 1,920E+02
7 5.696E¢03 2.160E%02
1¢ 2 .695€ 03 2400Ee02
11 5,694E¢03  2,639Ee¢02
12 9.693Ee03  2.879E¢p2
13 5,691E+03  3,119Eep2
14 5,690E+03 3,358E+92
15 5,689L403 3.598E002
16 b, 687E« 03 3,838Ee¢q2
17 5.685E+03 4.0T7E«Q2
18 5,684E+03  4,316Ee02
19 5¢682Ee03 4.556E¢02
20 5,680E+403  4,T795E«02
21 5,678E+903  §,034Ee02
22 S.676E+03 %,273Ee02
23 548736003 5.,5126e02
24 5.6T1Eegd)  5,751Eeg2
25 5.688Ee03  5.99pE+02
26 S46866E¢03 622288902
27 54663E%03  6.467E4p2
28 S.660E¢03  6.708€E%g2
Fa 5.65gE+03 6, 944E 002
an 5,695€¢03 Te182E402
31 5.652E¢g3  Tes20E02
32  S5.648E%03  T.657E+p2
33 S5.645E€33  7.899E¢gp
Je  S.64]Ee03  p.lépEep2
35 S.638E403 B4382E0p2
3 S5.630E€03  genZ3Ee02
37 S.830Eep3 B.B6aEe02
38 S5.626E%03 $.108E%02
39 5.623Ee03  9,3e8€402
40 5,818E€03  9.987E4Q2
41 5,614E003 9.82T7E«02

X ROTATION

4.041E04
4,004E=04
3.907E=04
3.790E04
3,921€-04
3.953E~04
3485404
3¢599E«04
3-;665.0l
2e547Ewpa
1e785E-g4
8,318E-08
~1e403E«08
*1.032€-04
»S5¢3I%0E-08
~1,526€-05
6.026E-06
642%52E~06
«1,804E~05
«5,88BE405
«leISOE~04
-1, T58Ew04
«2,R08E <04
~2426TE-pa
~3.464F. 04
- 32TEwDa
~42T0SE-04
-4 +00BE~D4
-4 o J0REwDs
~34,857Ew04
~2+019E=04
~1el00E~0a
1¢542E~04
2+770Ewp4
3+939E~04
4+806E-04
5453004
SaT65Embs
5.567E=04
4, 949E04
3.977E~04
2,T72E=04

DISPLACSMENTS
v DEFLECTION

w3eBagE=1T
“G,652E~03
“1s911E=D2
w2.830E02
=3eT1gE=02
=4 . 525E 02
«54202E~02
=5:717E=02
=5,052E-02
“6e209E=02
=6,201E=02
-b,060E-02
=~5.831E=02
«5.5T3Ew02
=54 336602
-5.0926-02
~4,808E-02
~4.449E=02
=4,014E=02
«3s499E02
=24%15E=02
=2.299E=02
wle&7RE~02
=1e108ExD2
«&2023E~03
=2+191E=03
=2+303E=10

1e793E-04
=] «40RE~03
=4, 398E~03
“84573E+03
=1 +368E-02
~2+023E-02
“2s68gE~p2
«34355Ew02
=34992€w02
b SeaEm02
«5,000Ew02
“5e427E~02
w8, 707E=02
=S 4B9EwD?
w8, 0164Ew2

REVISION DATE 22 JULY 1970

1 ROTATION

“3:312E~04
«3e312E~0%
=2 +38pE=0%
1 .024E~05
~p.178E~03
~4:021E»03
»5.389E~03
~6+188Ewp)
8,364E~03
-5,930E~03
-k G43E"0I
-3.511E-03
=i+ T9¢E-03
-9,545E«05
=T,514E=0%
«1,486E=03
“2,064E~03
~2.386E03
-2,408E-03
=2+133E=03
] e619E=03
~9,737E=-04
=3,576E=04
1+856€-05
1+574E-03
2+875E=p03
3.829E-02
4+319E~0d
4065€E~0)
4,364F=03
.61 3E-03
2+ST1E=0I
B8.540E~04
es136E~07
'Ea&]SE-ot
~1+599E=03
~2¢la0En03
=2.522E-03
w2e595Ewn3
«2.398E-0Jd
=1:963E~03
~1,353E=03

S.610t¢03
S.608E+03
$.601E203
5,597E+03
5.,592E+03
5,587€+03
5,582E+p2
5.57TE»03
S.572t¢03
5,567Eepd
S5.562E¢03
5,556E+0)
5,551E+03
9,545€+03
5,540E %03
S,538E902
5,528E¢03
5.522€03
2,516L+03
2,510E03
5.506E003
5,6498E%03
b,491E+03
5,485003
S,478Ee03
5.472E0g2
D.465E003
S,458E¢p3
5.45)E903
S.abelegd
5,437E403
5.430E+03
S5.022E003
5,415E+023
5,407€0 023
S,400k03
5,392E+03
S,386E003
5,376E¢03
S.368E+03
5.360E%03
9,352E+03
5,343E203
5,335€+02
5,326E+03
S.317Ee03
9,308E+03
5,299E¢03
5,290E¢03
S.281E403
S,272E+03
S,262€+03
5,253t0¢03
5.243E003
S,234k003
S,228L+02
5,214E+03
S.206E003
5,196 epd
5,188k 003
Se1TaEepl
5,163k 003

1+007E0pd
1.03]1E¢02
1.055E00)
14079E03
1+403E003
14127€%03
115pE¢02
14174E403
1.198€+03
1.222€+02
1e246E+03
1.270E+03
14293E+03
1.317€%03
14381E%03
1.365E+02
1.,388E+02
100126402
1,436E+03
1,450E003
1.%83E+03
1+506E403
1,529E€+03
1.552€+03
1.575E+03
1+598E03
1.621€%03
1.644E+03
1:06TE+03
1+990E+03
1.713€003
1.T38Eep3
1.759E003
1. 781E%03
1.804E203
1.827E¢02
1+B50Ee03
1,872E+03
1.895€203
1:917Ee03
1,940E203
1+4963€+03
1.,986E+03
2.008E%03
2.032E+02
2.055E+03
2.vTTES Q3
2+100E903
2.123E+03
2.186E003
2+16BE403
2.191E03
2.214E9002
24232E403
2.259E+02
2.¢B1Ee6p3
2.30«E+03
2:326E+03
2+.34BEsp2
2.371E03
2.493€+03
2.n15E+03

1,521E-04
4 Tg0E~DS
1e430E~04
24364E-04
3.101Ewpe
3.512€-04
3.519€~04
3.102Ew0a
2+306E~04
15243E=04
F.560E=06
=8.T0TE~05
1.819€-05
1.173g~04
1.883€~04
2.152E~04
1+890E=04
1.073E-04
~2.442€-05
=1.924Ex04
~2:399E~04
~24345E-04
«3,350E.04
bt 207E=04
~4.842E004
=Sal64E~04
=5.063E-04
-4 ,407E~04
=3+201E-04
*leb87E-04
S.827E-06
1:975E=04
2+CT2E.04
2,568E-04
2,81 0E~04
3,880E~08
4:4TTEw DS
4.507E-04
3.954Ew 0
2.941E-04
1.600E=04
1.195€-04
1,925E-04
2+5326-04
2.930Ew04
3.069€ =04
24930E4 08
2+534Ew06
1.939E 04
1e242E=04
5.827E05
1s#43E05
S, 848E05
9.801E-05
14334E-04
14526E-04
1,517E=04
1:303Ee04
9.273E-05
4eT22E-05
6.68TE~06
=1 +132E=0%

“bel0pE~02
»be191E=02
~6.323E«02
=b,466Em02
~64563Ew02
~HebSpE~02
=& ¢654E-02
«6,584E-02
~5.436E~02
-6 ,23pE~02
wby 000E~02
~54773E-02
«5¢579Ew02
=5.390E~02
=5,1T1E-02
-4 ,895E=02
ot 540E02
-4, 125E-02
~3.633E-02
«3,090Ea02
2.529E-02
=1,990E~02
=1,4T5E=02
~1,003E-02
«Se932E203
~2700E=03
b, b4Ex04
~2.822E=16
«1+084E=03
»3e614E~02
=7,231E-023
=1s163E-02
=1.652E~02
=2,166E-02
-2.683E-02
=3,183E=02
=3.641E-02
wh o 048E~02
=4,392E-02
ko 6BGE~02
w4 953E=02
=5,216E~02
=5,489E-02
=5,753E=02
«S5.98pE=02
wthy ] T2E(2
b6,306E~02
=be383E.02
~bo,4)15Ew02
~bs415Ea02
w6, 405602
wheb)AE~02
»6,464Ea02
64537602
=6, 60RE~02
o 659E-02
wb,6TREU2
wbe 062E-02
=6s614E-02
=5 ,545E~02
~ho A T2E02
=6,4]19E=02

=6 ¢595E=0%
=6.677E-06
=4 ,400E=0*
=-9,308E-0%
=14367E-03
=1 +668E~03
=1:784E=93
=] 697E-03
*1,417E-03
-9,888E~04
=4 .837E-04
5,54 1E~06
~4.1208E=04
-8.‘32&-09
=]l «204E~03
“1,404E-03
«1,400E~03
i, 179E~p3
=7 JG29E~04
=1,683E~04
1.481E~0Y
1.869E#05
4,322E=04
8.063E-0%
1e125€w03
1,3865E=03
1+500E=03
1e497E~02
1312E=03
9.6827E=04
Se433E=pé
2.367€6=05
*1.,680E-05
=8, 742F=05
~1+652E=04
=5,201E~0%
=T 499E~ge
-8,198E=g4
=7.226E-0¢
-4,788E~0%
=1.2T4E=0%
=7,397E=08
=1 9B4E~04
-3,813E-04
-5,262E=-04
“6,130E-04
-$,3)] 2E=04
~5.Bp2E-g4
-4 ,6B8E~0%
«3s154E-04
=14 478E-04
=3.403E-06
-5,946E-05
wi¢5)3E=04
=244 1E~04
~3,12BE=p%
=3eh16E~04
~3eCATE~04
“2.654E=04
=1«T65E~04
=8,002E~05
=T :366Ee00

101



1os
105
106
107

109
l1e
111
112
113
114
115
116
117
118
119
120
121
122
123
124
128
126
127
128
129
130

132
133
13+

136
137

139
140

142
143
144
145
148
147
148
149
150
151
152
153
154
158
186

5,153E+03
5,142E+0)
$.132E+93
S.1218+03
65.110E+03
5.,099E+03
S$.088E+03
S$.076E*03
5.,065€+03
$.053E+03
5.041E+03
S.030E+03
5.018E+p3
5.,006E+p3
4,994E453
4,982E+93
60971;’03
4,959E+03
4,94TEe 03
4,935E+02
4,923E403
4,911E+02
4,899E«03
4,B686E+03
4,.8T4E%03
A,861E03
#,.840E¢03
4,836E+03
4,823E03
,810Ee03
4,798E03
4,785E+03
4,TT1Ee02
4,758E+03
4 ,745E+p3
4,732E053
4,7168E+53
4,TO5E%03
$,591E%0d
4,6TTE+Q3
4.6064E%03
4,650E+03
4,8306E+03
4,622E+03
4,6G8E+03
4,594E¢03
4,579E+03
4,565E+93
4,551E¢p3
4,530E+03
4,52)Esp3
4,50TEe03
%,492E403

2.437€+03
2,459E+03
2.481E+03
2.,503E+02
2.525E+03
2.547€+03
2570€+03
2.592E¢02
2.614E%03
2+637E+02
2050803
2,681E~02
2+704E+03
2+726E%p3
2.748E+02
2.769E+03
2.190E+03
248)1E¢02
20328002
2.853E+03
2.873E403
2.+894E+03
2.915E+03
2.935E903
2.956E+03
20?’5@’03
Re99TES0)
3.017€+03
F.038E003
3.0588+03
3+078E+03
3,098L+03
3,118Ee03
3.139E+03
3.159£+03
3.179E%03
3.1968E+03
3.218E403
3,238E«93
3,256E+03
3.276E+03
3,29T7E+03
3,317E+03
3.335E+03
3.356E+03
3.378E+03
3,394E+03
3,4)14E003
3.433E+93
3.‘52£‘°3
34716603
3.,490E+03
2,509E003

12248€=04
280904
3.814E.04
4.T46Ea04
8,3318-04
3,555¢.00
3.4%42E-04
Z20236E.04
2.538€~0%
=1.9T2E04
«lo989E-04
“2,2048404
“2.828E04
*3.899E04
~4.030E~04
«s,135Ce04
b o 094E=04
=3.73BE~04
“2e084Fu00
“lelBYE04
-t 128E w04
~5,819Ea00
-t ,830F=04
6,934E-04
=6+ THTE=04
~be324E-04
=5,715E=04
=3,177€-04
~3.321E-08
2.837€-04
6479T7E=p4
1.047E-03
1.339€.03
1.887E«03
1.8128-0%
1.7T12E~03
1.413€-03
9.69SE~0D4
4,088Ew04
2,1715E-05
8.071Ew04
1,006£-03
2,299E-03
2.7685€-03
2,996Ew03
Z+B89Eup3
2.458Ea03
1.714E-03
T.i56E-04
4, 549E-04
«3,129E-04
w2 he80Ea04
2, 894Enps

=624 06Em02
=6,408E=02
=6, JBPE02
«by320En02
“b2213Ew02
«5,959E.02
*5,875E 02
=5,311E-02
ko 889Ew02
4643602
-ho 003E02
«3,55a€-02
*3s098Ew02
*2+610E-02
=2¢093E=02
~le619E=02
~1s169€a02
=T+454E-03
«3¢911E-02
=1s30gE=03
=2,799E16
=3.395E-04
“24118E=03
~54020E-023
«8,771E-03
~]la314E=02
=1,794E=02
=2,313E=02
=2.857E~02
=3,422E-02
=4 ¢002E=02
-4 ,563E-02
«5,073E-02
=5 2504 E02
«5,831E-02
~6.085pEnp2
wbe] T1EwQ2
=5 o218E=-02
~6s227E~02
b 248E=02
«64311E002
6o IT4E=02
w6,379Eu02
wbo289E=02
wbo044Ew02
5 2 658Ew02
“5,11)1E=02
b, 423Em02
»34622E02
“2,75pEw02
1o 854Eu02
«9,3%526-03
«3,708E-17

'205§5£’°?
«5,500E=04
'50216“0‘
«l080Em0d
wle216Ewpd
¥ 252Ew0b
-9 6B6E=04
T BA1EwGS
wa 231 EwOE
w3 I96Ewgé
3.?t6!-0§
3.178E=05
10376£°9?
3o 06204
3420404
3Je432E=04
3e548Ew04
3+294E=04
2.362E-04
3.608E=05
6,064E~04
1007’E-93
1¢318E=03
1.427E-03
1 e%44E=03
1:401E=02
14320E=03
9,273E=04
4.B87E=0*
-4 ,588F=0?
=6+160E=04
=1 4204E~0)
~1.687€=03
=2.271E=03
*Z +518Ew0Y
“2 423Ew0 ]
=24026Ew03
“]o#01E=03
b Ta3E=g4
~B,921Ew 00
w] 096Ew03
“2e230E=03
«3,283E-03
~3.974E-03
=4,33E-0d
"-2615-03
»3,TASEwQ3
«2.811E=03
«1.,531€6-03
~1:193E-05
-Z.lJ?E-O‘
=3,132E=-0%
»3,154E=04

PROGRAM PCGRZ = DECK | = LANKINS

PCGR » « EXAMPLE PROBLEMS FOR REPORY
CODED 7/6% - wpD

PROB (LDNTO)
FYPJCAL CURVEDL MIGMNAY GTRDER

CGel

TABLE = & (CONTL)

ELEMENTY END FORCES

ELEM
NO.
tn

LARE R TR R

TWISTInG
MOKENT

=3.110€=10
=} eS1vEep2
=~5,23¢€ *02
T«26BE*03
6,5306k03
5.232E%93
3,5258+03
1.58%t003
~4,20TEe02
w2,322€%93
=3.95)E%03
=5,138E0p3
~S5, 7156202
2.108€+03
2,411E03
2aleltegd
L.686E¢p3
$.565E+02
-s,2026002
=1,295E¢p3
=1,858E+03
=2.062E+03
~1.618€¢p3
=1.519Ee0é
=1 <318t 0
“1.038E¢00
-6, 824E053
=2 .888E 33
=]1.6428002
1oT23Eep3
2.947E%03
S,429E003
4,8756003
4,833E003
4,695E+p3
3,921£+02
2,692k¢01
1,193E+03
=3,946E002
=1,888E+03
~3.104E203
3, B60Ee02

IN NORMAL AND TANGEMTIAL DIRECTIONS

ENpiIn])
SHEAR
FORCE

3.007E%03
14337€03
w3e3a002
6,487E003
4,617€003
3.147E403
144776003
«],926E902
-)eb63Eep)
~3,533E+93
=5.203E4023
w6,873Ee0]
~B4543E902
6.509E+03
4,835E+03
3.468Eep3
1:495E003
~1+T48Eep2
~l.oe5£403
«3.515E+03
~5,185E«p3
=4 ,855E g3
=8.525E03
=6.928E*03
~B:066E%03
=1sVapEe04
1, u8SEe0s
S.148E¢03
T 4i0E0]
5.706E+03
%:036E003
24366E03
64567602
6.966E+03
£.217E03
3.86BE03
1.719E+03
«2,952E+01
=1, T79E%03
«3.,928E03
-5.,27T7E*9Q3
»?,026E00)

BENOING
MOMENT

1.788E=07
“1.2)}7E404
=~1e042Ee08
wg H0BE 04
-3 518E« 085
“3 6THESQS
-4, OILE08
~4s TBSES0S
=4 o T13I9E05
s, 292E0S
“3 . ha8Ee 05
=2,195E 905
~5,451E+04
1.501E+05
wh,0BIEDI
=1.222E¢05
“]1,981E05
~2.34GE+05
=2.298E¢0%
=1,B55E+05
=1,012E05
2.329E +00
1+8T8E+0g
3.93TE~0g
S, B01E 0%
7.681E0g
1.018E+08
7+566E05
%,371Ee05
3.592E¢05
2.222E+05
1,253E05
6,B56E«0a
5, 275E«04
-1, 173E+08
«2 , H40E+05
=3, 292€05
-3, T12E+08
3, TOSED5
-3, 2T1E+05
=2,410E+0%
11226408

BEVISION DATE 22 JuLY 1970

TWISTING
MOMENT

1.819€%02
5.294E402
F.o85E002
6 ,%36E003
*5,212E+03
=3.525€+03
=1,385¢+03
4,207€02
2,322E+03
3,9%1E+03
S,138E¢03
5,715£°03
5.513E03
“2,811E°03
=2,141E¢03
=1 o468E°03
=5,545E02
4.202E°02
1.,295€*03
1,898E¢03
2,062E+03
14618E°03
3.961E°02
1.,31BE04
1.n38E*0s
HoA24E*03
2,8RHE«03
146428%02
~1.723E°03
~2.947E02
“34619E°03
=5,837E203
~5,134E403
=4 ,695E+03
=3.921€03
=2e692E+03
=~1.193E+03
3.966:'02
1.800E03
3,104E003
3.A80E*0I
3,973E¢03

ENpil
SHEAR
FORCE

=3.007E*03
-1e33TE*VI
3,334E°02
6, 487E203
-4,8]7E903
~3,147E+¢3
=1,477E203
1,926E%62
1.863Eeu3
3,533E+03
5,203E°u3
6,873E03
8,543E°03
-6 ,505£903
-4,835£203
«3,165E403
«]+495E°03
1.TagEeG2
1,B45E¢03
3.515E03
§,186E%03
6,855E90)
8,525E+03
6,928E°u3
Bl.bo6E*W]
1e0a0E*us
»1,089E0us
w?,148E003
wTobioErll
wSeTOGEU3
wh o 036E*0)
-2,366E+03
b ,56T7E*02
-0,966E+03
521 7E%V3
w3, 46BE+ 03
wloT19E*03
2,952E40]
1.779E+03
3,528E¢03
S,277E+03
T.026E¢u3

BENDING
MOMENT

7,217E04
1.042E+08
9. 624E0 008
2.,518E+08
3,875E005
4,431805
4,785¢405
«,739E05
6,2928¢05
3,444f005
2.,195E¢05
S.451E004
~1.506€+05
6,083E03
1,222E405
1,9815+05
2.340t05
2,298€+05
1.85%E+08
1.012k+05
~2.329Es04
»] 878808
~3,925E 05
5, ,601E#05
T .681E%08
~1.0lgteds
~7,568L005
~5,371Ee058
~3,592E+05
~2,2228+05
=1.253E%0%
8§, 848E04
~5,251E00¢
1.173ke05
2.006E005
3,292E408
3,712E408
3,7056+05
3,271E¢05
2.410E005
141228905
~5,922E*04

Z01



«3,973E¢03
1.998E4¢3
2.744E403
2.740E¢03
2.169E+03
1.214E4903
SeB8l4Eeql

=1.117E+g3

=2.,127€+03
=2,792€+03

*2.926E+0)
1.,959E¢0)
2.523E+03
2,355€+03
1,638E¢03
5.547€¢02

=7.118E¢02

*1,979€E+p)

=3,064E¢03

=8,518E¢02
=1,468E¢02

*1.,407Ee 04

=1,292E+04

-1,129E¢04

-8,998€¢+ 03

=5,856E£+03

=1,6T6E+03
3.729C¢03
9,124E¢93
14327€« 04
1,637E+94
$,925E«02
1,980€+03
2,519€+90)
2,398E+03
14799E¢03
9.001E+02
=1,265E¢92
=1,107E+03
=1,924E+03
~2,281E+03
3.,515E+03
3.,678E+03
3.170E+03
2.,182€+03
9.071E¢02
~4,634E¢02

*1,737€¢03

=2.723€+03

=3,227E+03

“3.059E+03
4.904E¢02
1.563E+03
1+860€93
1.574E¢03
8,995E+p2
14702E¢

- 06755085

=1.568E+03

=1,893E¢03
=1,649E+03
4,689E¢03

~8,775€+03
8,049E+03
603006403
4.551E+03
2.802E¢03
1.053E¢03
wh958Ee02
«2.445E¢03
«4,194E¢03
=5,943E403
«7.692E+03
7.8778+03
64128€¢0)
40379E¢03
24630€¢03
8.814Ee902
«8,676E+02
«2,617E¢03
=4,)66E+0)
=6.115€+03
'109175003
=3.804E¢0)
-5,660E+03
«7,516E¢03
=9.372E+03
=1+123€E+ 04
=1,308E¢04
1.328E¢ 04
1.142E4064
9.568E«03
74712€+03
9¢343E¢ 03
7.487E+903
5,631E+03
3.843E+03
2.123E+03

4,032
=1.317
«3,037

02
£403
03

~4,757€+03
6.529E03

7.294
5,469
3,644
1819
5,926
=1.83)

E¢03
€403
+03
*03
*00
003

=3,656E¢03
-5.‘81@003
=74306E+03
~94131E¢03
8,285E+03
6.460E¢03

44638E

*03

20810E+03
5.849E¢02

2280

Ee g2
Eogs

=4 .490E¢03
=6,315€00)
-8,140E¢03
9.292E+03

8,922E+04
2.724E¢05
7.599E+04
7. 7T6E¢0s
=1.888E+0S
“2,572E«08
=2,829E+05
*2,659E+05
“2.063E405
=1,039E40g
4.,109E«04
2.277€E+0g
3,552€¢04
=1 .140E¢0S
~2,209€4+08
=2.,851E«0s
«3,066E+0g
-2 ,854E+08
«2.216E¢0S
=1.151E¢05
3,445E+04
2.280€E+08
3,192€+08
4,549E408
6¢3S1E0S
8.597E+08
1.129E4 068
1.442E0 06
1.124E+0¢
8,503E¢08
6,209€¢05
4.420E+08
2.180E+08
3,861E«04
*9,635E¢04
-1.885E+08
©2.393E+08
“2,490E+08
=~2.,175E¢08
=], 447E¢0S
“3,06TE+04
102735095
“8,136E+0,
=1,853E¢05
=2.745E+0g
=3,191€03
=3,190E+0g
=2.741E¢0g
=1,846E¢0%
=5,035E¢04
1:286L¢05
3.511E+08
1e483E¢08
“9.941E¢03
=1.234E05
=1923E+05
*24+164E¢08
=] .958E+05
=1 ,305E«08
~2,057€+04
1,341E0908
3.309E0g

3,262€+03
=2, T44E+0)
«2.740E¢03
«2,149E403
*1+2]4E+03
=5 ,814E+01
l1e1)7E%03
24127E+03
2.792€¢03
2.926E+03
2,348E+0)
«2,523E+03
«2,35SE#03
=]1,638€¢03
=5,547E402
7.118E¢02
1.979€¢03
3.084€+0)
3.745€+03
1,02%€03
~3,948€+02
1.292E404
14129€¢04
8,998€+0)
5,836E€+03
10676E¢03
«3,729€¢0)
=9,124E+03
=] ,327E04
«1.83TE+04
~]1,889F+04
*1+980E°0)
=2.519E+03
=~2,398E+03
«],789E+03
-9,001E+02
1,288E¢02
1,107€403
1.868E¢03
2.262€403
2,069€+03
*3,678€903
*3.170E°03
=2,102E°03
«9.071E°02
4,834E002
14737€403
2,723E°0)
3,227€+03
3.089E¢03
24027€¢03
=] +S43E*03
=1.860E¢03
=1+574E%03
~8.9g5E¢02
“1.782E+0]
8,675E%02
1,568€¢03
1.893E+03
1,649E¢03
$,451E902
=5,622E+03

8,778E+03
«8,049E¢03
~64300E403
-4,551E¢03
-2,802€+03
=1,053E+03
6,95g€¢02
2,445€¢0)
4,194E¢03
5,943E+03
7.692E+03
«7,877E¢03
«6,128€¢0)
-4 ,379E+03
-2,630E¢03
=8,814E¢02
8,67¢E+02
2.617€+03
4,366E¢0)
6,115E+0)
7,917E+03
3.804E40)
5,660€¢03
7,516E¢03
$,372E+0)
1.123€E404
1,308E04
»1,320E¢ 04
=l,142E04
«%.568E¢03
-T,712E03
=9.343E403
=7,487E+03
«5,631E+03
«3,843E¢03
-2,123€403
=4,032E+02
1,317€+03
3,037€E+403
4, T37E+03
©,92g9€+0)
«T,294€¢03
«5,469E903
=3.644E¢03
=1.819E*03
5,926E¢00
1,831E¢03
3,656E¢03
5.481E03
7.306E*03
9.131€+03
-8,288E203
«6,460E°03
=4,635E¢03
=2.810E°03
=9,849E+02
B.401E02
2,665E+03
«,490E°0)
6,315E03
8,140E203
«9,292E¢03

=2.733t+05
~7,599E 404
7.776E %04
1.888E 408
2.512Eoos
2.629E405
2.,659E+05
2.063E405
1.039€ 05
=4,109E+04
-2,288E+05
3,552€¢04
1,160E+05
2,209E+08
2.851E408
3,066E¢05
2,854E¢08
2.,218E405
1.150E¢0%
=3,443E004
=2,242€405
=3,192€405
~4,549E¢05
~-6,351k40%
-8,597k¢ 05
=1.129E¢0¢
=1,442L008
=l.124ke06
«8,503E408
~6,209€405
-4,361E+05
~2,180€405
3 ,86]1E¢04
9,635E+ 06
1.,885E¢08
2,3938+08
2,490E+08
2.,175E¢08
1,447E005
3,067ke06
=1,292E+08
5.136E+04
1,853€¢03
2.,745E¢05
31,191E¢08
3.190E¢05
2,741k %05
1.846E¢05
S.035k+04
=] .286E*0S
~3,522E+05
~1.483k08
9.941E+03
1.234E908
1,923E405
2.164E005
1.958€¢0S
1,305E405
2,057E40s
“1,341E%08
=3,334E005
«1,034t00%

105
106
107
108
109
110
111

112
113
114
115
118
117
118
119
120
121

122
123
124
1258
126
127
128
129
130
131

132
133
13e
135
136
137
138
139
140
14}

142
13
las
145
1e6
147
148
149
150
151

152
153
lsa
155
154

5,622€¢03
5.673E¢03
S+035E¢p3
3.899E+0)
=5.533E¢03
9.948E¢02
=5,224E¢02
=l .,75¢k¢03
=2 .,498E¢03
~2.,079€¢02
~1,183E+g2
=4,188E+02
=9,072€¢02
1.028E+02
=S$.042E¢02
~3,613E¢02
3.467Ep2
1.804E+03
4,195E+0)
=1,733E+04
=l.248E¢04
=7.593E¢03
=3,911E¢03
=1,245E¢03
S,881E¢02
1.773E+p3
2,495E¢()
2e934E¢0]
3,268E°03
4,08T7E¢0d
e.214E¢q3
3.717Ee93
24773E03
1,554E¢03
2.297Ee g2
=1+031E+p3
“2,0%8E ¢03
=2.683E 03
=2,737k+03
3,817ke03
4 ,04TEepd
4,259E+03
J.421E03
2,106E¢03
4,759E+02
=1,296E¢03
=3.038E¢03
-4,385E¢03
*5.767k+p3
9.839E4+02
5,958k 02
1.452E¢02

T.467E¢03
Se642€¢03
3.817E¢03
1.992E+03
1.667E+02
«1.654E¢03
=3.470€°023
=5,286E¢03
=7.102E03
4,410€¢03
24594€¢03
7.783€¢02
=1,038E¢+0)
-2.054K¢0)
=4,673E¢03
=6.495E+0)
=8+317€+0)
=1.014E¢04
=1.196C¢04
=1.339E¢04
1.278E+04
1.096E¢04
$e137E03
7.,315€+03
S.493E+0)
3,6718003
1.200€403
1.,805E+02
=1¢540E%0)
T,00TE*03
S.287E¢03
3.56TE+93
1.872E¢03
2.,U20Ee02
=1.468E¢0)
=3.138£¢03
-4 .808E¢03
=6.478E+0)
=8.168E¢03
8,9186+03
Te248E«03
5,578E+03
3.908E*03
24238E¢03
5.,084E¢02
*1.102E¢03
=2+172E¢03
=4 042E¢0)
-6.112€03
ae096E¢02
=1+200E¢03
=2.8T0E*03

TIME FOR THIS PROBLEN =

1+034E¢05
=7+951E«04
=2.1717E+05
=3.112E¢05
«3,599E¢05
=3,640E¢05
=3,224E+05
«2.,349E 05
=1.017E+0S
7.583E¢04
«3.530E+04
=1 .007E+05
=1,203E+0g
=9.413E 04
=2.218E+04
9.004E« 04
2.460E¢05
4,458E405
6.,893E 05
9,909E 05
1.313E+0¢
1,006E¢0¢
7.424E«05
S,230E¢05
3.673E¢0S
2.153E+08
1.271E¢0S
B8s140E¢04
7.T13E«0s
1,141E005
=5,424E¢04
=1,812E05
“2.669E¢05
=3,119E¢05
~3.,167TEe 05
-2,815E+08
=2 ,061E+08
Q0 ,082E+04
6 «AFTE 04
2.566E¢05
4,240E004
=1.317€+05
=2.657E+05
«3,596E¢05
=4.133E¢08
=4.270E+05S
=4 ,005E+05
*3,339E0S
=2.2T72E05
-g,647E+04s
-G, TT6E«04
~6.893E+04

ELAPSED Cpu TIME =

~5,473€403
=5,n15E¢03
=3,899E+03
=2,487E¢03
T.0ATE+0I
5.224E¢02
1.754E403
2,498€¢03
2+563E03
1.,183E%02
4,188E02
9.072E402
1,381E¢03
1.844E902
3,613E¢02
=3,4A8TE*02
=1,804E*03
=4,165€+03
«T,704E+03
1.248E¢04
7,593E403
3,911E+03
1,245E403
-5,881€¢02
~1,773€+03
«2,495E403
=2,924E+03
=3,266€403
=~3,671€¢03
-4,214E°03
~3,7]TE+0I
=2,773€+03
=1.554E¢03
=2,297Ee02
1.071E¢03
2.088E*03
2.683E+03
2.71TE403
2.0S1E*03
“4,44TE003
-4,299€+03
~3,421€%03
=2,104E+03
~4,789€002
1,294E¢03
3,098E+03
4,585€+03
S.T4TE*03
6.4)6E03
=S.98gE*02
=2,446E902
~5,472E~08

n MINUTES

0 MINUTES

=T,467€¢03
w5.642E6°0)3
=3,8)17E¢03
«1,992€403
«1,66TE*02
1.654E°03
3,4T0E°0)
5,286E¢03
7.102E¢03
-4 ,4)10E*0)
«2.594E403
«-7,783E¢02
1.,038E¢03
2.854E403
4,673E40)
6,495E03
8.,317E+03
1,014E¢04
1.196E¢04
1,339E 04
=1.278E04
-1,096E¢04
=9,137€°03
-7,315E¢03
=5,493E¢0)
=3,671E403
«1.900E+0)
=1,803E%02
1.540€°03
~T,007E¢03
«5,287E+03
«3,567€«03
~1.872E¢03
-2,020E¢02
lo468E°0)3
3.138E+03
4,808E°03
6,478E+03
8,148E°03
«8,918E¢03
«7,248E¢03
«5,578E¢0)
-3,909E¢03
-2,238E°03
=5,684E902
1,102E¢03
2,TT2E+4¢)3
4, 442E¢0)
6.112E+03
=4 ,69¢E*02
1.200E¢03
2.870E¢03

7.951E404
2.177€05
3,112 405
3,600E¢05
3,640E¢05
3.224E¢05
2,349 ¢05
1,0178+05
=7.721E¢04
3,530E+04
1.,0076 %05
1.203E+05
9,412E404
2.219E+04
~9,004E¢04
=2.460E¢05
=4 ,458E¢05
-6,893E¢05
=9,765E¢05
=1,313E¢06
=1,006E406
=7,624E¢05
=5,230E+05
=3,473E¢05
~2.153E¢05
=1.271ke05
-8,148E¢04
=7.713E¢04
“1,141k¢05
5.424E0 00
1.812E¢05
2,666E¢08
3,119E¢05
3,167E¢05
2.0815E405
2.061E05
9.062E¢0a
=6 ,497E 904
=2.607E¢05
~4,240E004
1,317k 05
2.,657E+05
3,596E¢05
4,133E05
4,270E405
4,005E¢05
3,339E405
2.272E 405
8,044k 004
9,776E+04
6,893E+04
=3,575E=07

2.529 SECONDS

13.876 SECONDS

€01
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