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PREFACE

This study presents a procedure which was developed for analysis of
two-way bridge floor slabs. The methods are also applicable to analysis of
one-way slabs, flat slabs, stiffened plates, or other similar structural
elements. A planned structure to be constructed by the Texas Highway Depart-
ment was chosen for study of a particular two-way slab.

The computer program described and included in this report is an
improved version of many predecessors. The present study extends previous
similar procedures, adding the ability to efficiently solve a series of load-
ings of the same structure. The program is written in ASA FORTRAN and is
compatible with most computers.
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ABSTRACT

A procedure is developed for analysis of two-way floor slabs subjected
to different concentrated load patterns and continuous over many supports.
Partitioning methods are presented which are simple and direct in application.

A particular two-way slab structure planned by the Texas Highway Depart-
ment was chosen for demonstration of results obtained utilizing the procedure
for the analysis developed in the study. Additional one-way slab studies
were made and the results were compared with other methods of analysis.

The analyses are made by application of an included computer program
which is based on formulations derived from a discrete-element model repre-
senting the slab. The program has the capability of efficiently solving a

series of loading problems for the same structure.
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CHAPTER 1. INTRODUCTION
This study is primarily concerned with the development of a rational
procedure for analysis of two-way bridge floor slabs continuous over many

supports.

Statement of the Problem

Analysis of two-way slabs subjected to applied concentrated loads is a
complex problem, and the practicing engineer has resorted to approximate solu-
tion procedures. His method for analysis is usually one of two choices. The
first is an analysis limited to adapting cornventional closed-form mathematical
solutions for special simple cases. The second is to apply tabulated moment
coefficients such as those given in the ACI Code (Ref 2). These coefficients
are for uniformly loaded slabs and fundamentally stem from Westergaard's work
(Ref 17) but have been modified by some later tests. The coefficients are
also limited to simple cases of a free edge, simple supports, or complete
fixity at the edges.

Presented in this report is an alternate procedure for analysis of two-
way slabs continuous over many supports, using a numerical method which is
efficient and direct in solution. A particular bridge deck which is to be
constructed by the Texas Highway Department has been chosen as an example to
show application of the method. Two-way bridge slabs are, however, not the
only type of problem that can be analyzed. The procedure is also applicable
to one-way slabs, uniformly supported slabs, and slabs with any diverse system

of random supports.

Multiple Loadings

Most structural systems require several solutions in order to consider
different loadings or placements. This is especially true for a bridge floor
slab which is subjected to a variety of moving-load patterns. During the

study of the two-way floor slab analysis procedure, a computer program was



developed which analyzes a complete series of problems with different load
patterns and positions in a much more efficient way than is possible by consid-
ering each loading individually. This multiple-loading procedure is described
in Chapter 2. A general discussion of the computer program and its use is
given in Chapter 3. The basic program is programmed differently than the one
developed by Stelzer (Ref 3) but the solution technique is the same. The out-
put format is condensed and simplified, and the program is included as an

appendix to this study.

Confidence in the Method of Sclution

For design of real two-way slabs, approximations and engineering judg-
ment must be made, with the degree of approximation within reasonable bounds
to give confidence in the results. The closed-form solutions for simply sup-
ported plates that are available, such as those given by Timoshenko (Ref 14),
serve to instill confidence in other methods of solution for similar problems.
I1f a new method of solution can be checked against a closed-form solution, and
if the method is then applied to diverse problems which cannot be attempted by

other methods, it gives the user confidence in the new approach.

The Example Slab

Chapter 4 describes the selected example which consists of a two-way slab
bridge deck. The particular structure was chosen at the suggestion of bridge
designers of the Texas Highway Department so that as work for the study

advanced, immediate benefit could be given to the designers of the structure.

Partitioning of Slabs

Chapter 5 describes the developed procedure by which a slab can be parti-
tioned into subpanels using the example structure of Chapter 4 for demonstra-
tion. An edge restraint is computed that represents the effect of the removed
areas of the slab on the panels under study. By this means, the multiple-
slab-span continuity effect can be included while only investigating two or

three panels at one time.



Results of the Analyses

Chapter 6 presents the results of the analyses of the two-way slab
example structure. Bending moments are presented for the various traffic

patterns and areas of the deck which were studied.

Comparison Studies

Chapter 7 discusses three additional studies which were made on bridge
slabs, The first study was of a usual type of bridge deck supported by
girders parallel to the traffic. The second study was of a slab supported by
widely spaced floor beams transverse to the traffic. The comparison of
results between the solution procedure and the moments as would be predicted
by the current AASHO formulas for one-way slabs (Ref 1) was surprisingly
close, as will be seen. The third study was a brief check of a two-way bridge
deck for a structure in California. These three studies also help yield con-
fidence in the computer solution as a means of analysis. It should be empha-
sized, however, that this is analysis only and does not furnish justification
for the specified loads and impact factors which were used in the examples.

The appendices contain the Guide for Data Input, general program flow
chart, program listing, notation, and selected output for the example struc-

ture.
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CHAPTER 2. MULTIPLE-LOADING RECURSIVE TECHNIQUE

Most structures are subjected to several different loading conditions
which must be considered by the designer. Highway bridge structures must be
designed for specified loadings which may be placed at any position on the
bridge deck. In addition, various combinations of two or more loadings may
need to be tried on the same structure to obtain the correct design criteria.

For any given structure with fixed geometric and support configurations
and for a particular load condition, a set of simultaneous equations can be

written and used for a solution of the problem.

Structural Plate Solutions

Several procedures are available for the solution of structural plate
problems, including classical closed-form solutions of the applicable differ-
ential equations. A good discussion of differential plate equations is given
by Timoshenko (Ref 14). Numerical procedures may be used to approximate the
solution of the equations.

It has been shown by Matlock (Ref 11) that a pictorial discrete-element
model can be used for visualization of the numerical technique as applied to
beam columns. This same type of discrete-element model was also used to rep-
resent a plate or slab by Ingram (Ref 8) and Hudson (Ref 6). Their solution
procedures consisted of alternating-direction-implicit processes which depen-
ded on an estimate of a closure pérameter. These procedures were found to
be successful for slabs which are well supported, such as a slab on subgrade.
However, ill-supported slabs such as a bridge deck or a slab supported by
only a few columns often have been difficult to solve by alternating-direction-

implicit techniques.

Direct Slab Solution

With the advent of the third-generation computers and their great increase

in solution speed and storage capacity, a direct solution of the equations



generated from the discrete-element slab or plate model became feasible.
Stelzer used the same model as Ingram and Hudson, but formulated the complete
equations and arranged them in matrix form (Ref 13). By using the same recur-
sive technique used by Matlock for solution of the beam-column equations (Ref
11), but applied to submatrices instead of individual terms, he was able to

arrive at a reasonably efficient direct solution.

The Computer Model

A brief description of the discrete-element model will help the reader
visualize how a slab or plate structure can be analyzed by this technique. The
slab is replaced by an analogous mechanical assembly which models all stiffness,
geometric, and support properties of the actual slab. The discrete-element
model is shown in Fig 1. The joints of the model are connected by rigid bars
which are in turn interconnected with one another by torsion bars which repre-
sent the plate twisting stiffness C . The flexible joint models the concen-
trated bending stiffness D . Also included are the effects of Poisson's
ratio v . The equations shown in Fig 1 are those normally used to compute
the stiffness properties of a structural plate element. E 1is the appropriate
modulus of elasticity and t 1is the plate thickness. Diverse systems, such as
a stiffened plate, can thus be modeled by using an‘equivalent effective thick-

ness as outlined by Huffington (Ref 7).

Equations of Equilibrium

The deflection at each discrete joint is the unknown in the basic equilib-
rium equation which is applied at each joint in the model. A complete deriva-
tion of the fourth-difference equation can be found in a previous report by
Stelzer (Ref 13). The resulting equations can be arranged in the form shown at
the top of Fig 2. The effects of the total applied load at each joint are on
the right side of the equation and are represented by f . The thirteen co-
efficients of the unknown deflections w are functions of the physical proper-
ties of the model and are represented by a, bl, etc, through e . The sub-
scripts of the deflections define the particular joint deflection in relation
to the central joint i, j about which the equation is written. This forms

a pattern extending out from the central joint which results in the customary

thirteen point operator for orthogonal plate systems. If there were no
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GENERAL SLAB EQUATION:
O, Wi,j-2 * D W +07 W

OR IN MATRIX FORM:

"b?l

: 2 3 4 s i 2 3 _
i1yt VD Wi 0 G W2, O Wi i G Wt S Wi Y G Wiez,  F W e 2O Wi i Wi 4w e =

______ T————— o ——— === o == = -—:—-
| 1 ! . .
o = :

! I : . .
: I 1 . .

_____ _r—_.__..l_._____...__.___ —:_... —%_

' | | : :
1 i { . [}
! I ' ¥)-2 .
! | ! : :
°.| | | . H
ol 1 . .

————— e itk Sl -t -<-
e ! ! : :

1 . | | . .
I u. I 1 wj_' :
. | . ] | * 4
i o | : :

----- . oty SR - - —i-
2L, (I ' : :
Press, 1o, { w' < ¢

G essss | d..l I e 1 b I. = ,
s ST | :
. ] I :

£
l-o-';.' sese

- -
L]
L]
L]
Wia2
L]
L)
.
—_— ———

eeccscee --loo----ko.o csssesjecas

[ —
L ]
|
|
L

Fig 2. Form of the equations showing partitioned stiffness matrix (Ref 13).



twisting stiffness or Poisson's ratio effects in the model shown in Fig 1,

1 1 . ;
the coefficients b7, b3, d", and d3 would be eliminated, thus degenerating
the equation to a nine-element operator, which is appropriate for a simple

grid system.

The Stiffness Matrix

When the equations are arranged in the systematic form shown in Fig 2, the
known coefficients create a stiffness matrix. The vertical collections of de-
flections and applied loads are called deflection and load vectors. There is
only a single stiffness matrix or collection of coefficients for any given
structure. Each coefficient of the stiffness matrix may be visualized as
that force required to create a unit displacement at each joint when all
other joints of the system are fixed against’displacement. Each joint is
successively displaced and the force measured. This collection of forces or

coefficients is representative of the overall stiffness of the system.

Multiple Loadings

Various methods are available for multiple-loading solutions of a particu-
lar structure. One method is to simply re-solve the complete set of simultan-
eous equations for each loading condition. This is practical for small numbers
of equations and few loadings. When the number of equations is large, as in a
two-way bridge deck solved by application of discrete-element modeling techniques
(possibly as many as 10,000 unknowns and equations), resolving the complete set
of equations for each loading is obviously inefficient. Another method in
common use is to invert the stiffness matrix, which can then be multiplied by
any number of load vectors to obtain the appropriate deflections. The stiff-
ness matrix, deflection vector, and load vector shown in Fig 2 may be represen-

ted as

K w = (f 2.1)

n n

where [ K J is the stiffness matrix, and {?} the resultant deflection
n

vector for the load vector {%} + The inverted stiffness matrix procedure

n

may then be written as
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w o= K £ (2.2)

-1
where [iK ] is the inverted stiffness matrix, Inverting a complete stiff-

ness matrix is a time-consuming operation and would require an unobtainable
amount of computer storage for most structures of the type being considered.
The ordered system of equations is seen to form a diagonally-banded and
symmetrical stiffness matrix, as shown in Fig 2. This is the system of equa-
tions solved by the computer program given in Appendix 4. The reader is again
referred to Stelzer (Ref 13) for a derivation of these equations. Some changes

in notation have been made for the coefficients themselves.

Recursive Solution Process

To solve a system of equations without inverting the stiffness matrix,
several direct procedures are available. The most common is Gaussian elimina-
tion, Various improvements and modifications make this procedure useful for a
wide range of problems. One procedure eliminates as many unknowns as possible
in each equation by application of preceding equations until an equation is
reached which has but one unknown, Back-substitution is then made. This would
amount to elimination of the unknown deflections and associated coefficients
below the main diagonal of the stiffness matrix shown in Fig 2.

An analogous procedure is a back-and-forth recursion-equation process
which is described by Matlock (Ref 11). The important difference between
Gaussian elimination and the recursive-equation process is that the recursive
equations are developed and applied consecutively in the forward pass rather
than a mechanical elimination procedure. Each step in the elimination process
is done in an orderly, systematic manner, proceeding from beginning to end by
application of the recursion equations at each point in the system.

A restatement of the pertinent recursive equations applied by Matlock
(Ref 11) for solution of beam-columns is made here for clarity. The general

fourth-difference beam~column equation is of the form

-+ ) -+ = 2-3
aWs o bij-l eyt dwo, tew, fj (2.3)
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The coefficients a through e are the stiffness coefficients of the
fourth-order difference equation which, when written for each joint of a
discrete-element beam~column model and assembled in an ordered pattern, com-
pose the banded beam-column stiffness matrix. The unknown deflections at
five contiguous joints are labeled wj_2 through wj+2 with the deflection
wj that of the joint at which the equation is written. The right-hand side
of the equation represents the sum of all the applied load effects that act
at Joint j . The recursive equations used for the step-by-step forward

elimination are

Aj = Dj (EjAj_1 + ajAj_2 - fj) (2.4)

BJ = Dj (EjCJ-l + dj)_ (2.5)

cj = Dj (ej) (2.6)
where

p; = -1 / (a,C; p *EB; ) +cy) (2.7)

Ej = aij_2 + bj (2.8)

The beginning, or boundary values, are automatically formed in the forward elim-
ination by the physical discrete-element model on which the equations are based.
The unknown deflections are obtained on the reverse pass by back-substitution

in this equation

wj Aj B.w.+1 C

¥ (2.9)

w
j jt2

The solution of the system of equations generated from the discrete-
element slab or plate model is done in exactly the same way as described above.
The difference is that the terms, instead of being singular values as in the

beam-column solution, are composed of small partitioned portions of the stiff-

ness matrix and deflection and load vectors as outlined by the dashed lines of



12

Fig 2. The dashed lines show the partitioning of the stiffness matrix which
has been done for each station in the y-direction of the model. The i sub-
scripts are related to the x-direction and the j subscripts are related to
the y-direction of the model, It has been shown by Endres (Ref 4) that it is
efficient to always associate the larger number of stations with the y-direc-
tion, The partitioned submatrices are in themselves diagonally banded. The
amount of central computer storage required for a solution is only a function
of the total data and the small dimension width of the problem. The diagonal
coefficients of the submatrices are the only terms stored and operated with in
the solution. All zeroes are thus eliminated but implied. The partitioned

submatrix equations of Fig 2 may be written in this form

\, | N N
a\\\ wj_2 + b§S§ wj_1 + [N\ g§§s wj

S N

+ d w + e w f (2.10)
+1 +2
L YS§ h| \\\ h|
with the recursive equations written as
AN
= A - (f 2,11
Ay D, Ej | {Ay-y * a\ §-2 (2.11)
[ | N\
B = D E C + §§>d (2.12)

C. = D e (2.13)

where
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-1
N
Dj = = \\\a Cj_2 + Ej Bj-l + SFC\QQ (2.14)
N N\
N\
E = \\\a B o | F N b (2.15)
: NE LN
and the back-substitution equation as
wj = Aj + Bj wj+1 + ’cj wj+2 (2.16)

The above matrix equations are seen to be identical in form to those previous-
ly given for a beam-column solution. The long, or y , direction of a two-way
slab or plate problem determines the number of partitions of the stiffness
matrix and is directly analogous to the number of stations in a beam-column

solution.

The Multiple-Loading Recursive Technique

The interesting and important property of the direct two-pass recursive

technique as applied to beam-columns and two-way slabs or plates is that the
f or load term appears in only the A coefficient of Eq 2.4 or in the’ {A}
recursion coefficient vector of Eq 2.11. The major amount of solution time

is spent in generating the recursion coefficients. The [ B] coefficient

matrix and the [ D ] multiplier matrix consume the most time. The D

multiplier of Eqs 2.4 through 2.6 is formed from a simple division operation,

but in the case of the partitioned stiffness matrix of the direct slab or
plate solution, the [ D ] multiplier matrix of Eqs 2.l11 through 2.13 is

formed from an inverse of a small matrix the same size as one of those shown

as x +3 by x + 3 in Fig 2. It is for this reason, that x 1is associated



14

with the short direction. The inversion of even these small matrices is seen
to be unnecessary for multiple-loading problems. The {A} recursion coeffi-
cient vector is simply modified for successive loadings. The [ E ] and

[ D ] multipliers, and [ B ] and [ C ] coefficients are retained on aux-

illary tape storage as shown in the flow diagrams of Appendix 2 and are recalled

as needed for each successive problem.

This procedure has been called the multiple-loading recursive technique.
Its unique feature is the recursive-equation method in which the load appears
in only the A back-substitution coefficient of Eqs 2.9 or 2.16.

As will be described in Chapter 3, the first problem in a multiple-
loading series is designated as the 'parent" problem and subsequent problems

' One fortunate property that has been observed for the

as the "offspring.'
technique is that, as the problem gets larger, the percentage of total solu-
tion time for the offspring problems becomes smaller. A time as low as 8
percent of the parent problem time has been observed for the largest problems
that have been solved to date. These were problems which had over 5,000 un-

known deflections.



CHAPTER 3. THE COMPUTER PROGRAM

The computer program used for the two-way bridge floor slab study is an
improved version of one developed by Stelzer (Ref 13). Some changes in formu-
lation and added solution and size capabilities have been made. A major new
development is added which allows a problem to be solved with many different
loadings at a small fraction of the solution time required for individual solu-
tions. This feature was discussed in Chapter 2 and is a unique property of
the multiple-loading recursive technique. The multiple-loading capability is
particularly applicable to problems confronted by the highway bridge designer,

who is primarily concerned with moving loads.

The FORTRAN Program

The version of the program listed in Appendix 4 is referred to as SLAB
30. The number simply indicates that it is the thirtieth significantly dis-
tinct program in a chronological sequence of developments. The program is in
FORTRAN, and is written for the CDC 6600 and IBM 360/50 computers. With minor
changes, the program is also compatible with UNIVAC 1108 systems, or other
comparable computers. The programming is as austere as possible and completely
follows the guidelines given in ASA FORTRAN (Ref 3).

The program listing presented in Appendix 4 is specifically for the CDC
6600 computer. Those cards needed to operate on the IBM 360/50 are included
as following companion cards and have a C in column one and the symbols
IBM following the card preparation date in columms 78 through 80. Other addi-
tional cards such as the selective double precision statements are also tagged
with IBM and nulled with a C . All variables do not need to be double pre-
cisioned to yield correct solutions with the IBM 360/50 computer. It is
recommended, when converting to the IBM 360/50 system, that the companion CDC
6600 cards be retained and nulled with an added C in column one at the same

time the C 1is omitted from the IBM 360/50 cards.

15
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Storage Requirements

The storage requirements are variable, depending upon the size of the
problem to be run. Cards which must be changed for different sized problems
are specified at the beginning of the program and only include the dimension
statements and two variables which define the number of increments in both
directions. It is not necessary to match exactly the dimensioned storage to
the problem; any size larger is also acceptable. It is recommended that
several dimension packages be made of those cards with RE-DIMEN in columns 73
through 80 of the main program (refer to program listing, Appendix 4). These
packages can be of multiples of width and length of 10 or 20 statioms up to
the maxzimum acceptable for the particular computer being used. A plot of the
CDC 6600 storage requirements is shown in Fig 3. If necessary to gain more
storage space, certain variables may be placed in common. In addition, others
may be set equal to each other in storage by an equivalence declaration.
Common and equivalence statements have not been added in the program for nor-
mal operation, so as to aveid initial confusion when converting to other com-
puter systems.

A general flow diagram of the program is given in Appendix 2. A list of
the variables used with their definitions is given in the Notation, in Appendix
3. A complete listing of the program is shown in Appendix 4. All subroutines
in the program are variably dimensioned as functions of the short (x) and

long (y) lengths, which are specified in the main driving program.

Input of a Problem Series

The general procedures to be followed for input of a problem are ocutlined
in the Guide for Data Input of Appendix 1. The guide is designed so that addi-
tional copies may be made and used for routine reference. A parallel study of
the guide will help the reader to understand the following discussion. Any
number of problems may be run at the same time.

The first two cards of a problem series are for identification purposes.
Any alphanumeric descriptive information desired can be entered by the user.

It is suggested that the date of the run and the user's name always be entered
within these two cards. The next card is the problem number card with a brief

description of the particular problem. The problem number itself may contain
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Fig 3. SLAB 30 storage requirements (approximate).
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alphabetical characters if desired. The problem series terminates when a

blank problem number is encountered.

Tables of Data Input

Table 1 is used to input the problem control data and is comprised of a
single data card that specifies the multiple load option and the number of
cards in the following data Tables 2 through 5. The Multiple Load Option in
column 5 of Table 1 is left blank if each successive problem is independent
of the preceding problem. If a following problem is for the same slab, but
only the load pattern and placement are to change, the first problem in the
loading series is specified with a +1 for the option. This will be the
'"parent’ problem. Each successive loading must have a -1 for the option and
these will be termed 'offspring' problems. When a blank option or another
+1 is encountered, that problem is then another independent problem or a new
parent problem.

Table 2 is used to specify the constants for the problem which are the
increment lengths in both directions, and Poisson's ratio. An additional
space is provided for plate or slab pseudo-thickness. Leaving this blank
causes computation of principal moments and their directions. When a thick-
ness is entered, the principal moment is converted to a stress having the
same sign by multiplication of the moment by the plate section modulus which
is internally computed on the assumption of a uniform thickness of plate. The
use of the thickness switch is only appropriate for plates of a constant thick-
ness. For two-way concrete slabs, the principal moment is an important quan-
tity. Table 2 is omitted for offspring problems since the constants must be
the same as in the parent problem. The constants specified for the parent
are retained and used by all successive offspring problems.

Table 3 is used to define the lines or areas of selected bending moment
output and contains the number of cards specified in Table 1 up to a maximum
of 10 cards. A concise printout of either or both bending moments in specific
locations such as near wheel loads and support points can thus be obtained.
Table 3 is especially useful when studying the moment variation along a line
in the y-direction. Table 3 may be omitted if desired, since all selected
output values are duplicated in the complete printout of results in Table 7.

The selected moment output is controlled by the same input joint coordinate

system described below for Table 4.
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Table 4 has the number of cards as specified in Table 1. Card counts
should be carefully checked. It is recommended that a listing of the data
cards be checked by the user prior to submission of the program for a rum.

Stiffness and load data are entered by a coordinate system notation. The
coordinates refer to the discrete-element model of the slab. A joint is de-
fined as occurring at the intersection of the station lines in each x and
y~-direction. A mesh is defined as that area surrounded by four joints. A bar
is defined as the discrete-element length between adjacent joints. Fig Al of
Appendix 1 summarizes this notation. Note that mesh data cannot have either a
Zzero X oOr zero y-coordinate; x-bar data cannot have a zero x-coordinate, and,
similarly, the y-bar cannot have a zero y—coordinate. If the data occur only
at one location (such as a concentrated load), the From and Through coordinate
is simply repeated. If the data occur along a line, the coordinates will
reflect this by having either both x or both y-coordinates the same. Data
distributed over a rectangular area are specified by entering the lower left
and upper right coordinates of the area.

The orthogonal bending stiffnesses Dx and Dy are entered in each
direction and are specified on a per unit width basis. If the edge of the
slab coincides with a station line, a half-value of stiffness should be input
for both D* and D’ along the edge. If the edge of the real slab is not on
a station line, a proportionate value of full stiffness is entered. This is
demonstrated by a sample input in Appendix 1, Fig A2. The stiffness propor-
tionment may be thought of as a direct function of the plan area of real slab
surrounding each joint.

Load Q 1is concentrated on a per joint basis and may be apportioned at
each joint by the contributory area loaded around each joint. Positive loads
act upward. Loads that occur between joints may be fractionally proportioned
to the adjacent joints. Support springs S are concentrated values input and
apportioned exactly like loads. A rigid support may be specified by introduc-
ing a large value of support spring. A maximum value of 1 X 1025 is suggested
to avoid computational difficulties for some computers.

The twisting stiffness € is input on a per unit width basis for each
mesh surrounded by four joints. When the geometric edges of the actual slab
do not fall on a station line, proportionate values of unit twisting stiffness

may be input similar to bending stiffness proportionment. Computations of

twisting stiffnesses for slabs or plates are at best still approximate
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procedures. This is due to uncertainty in the defining of the shearing modu-
lus of rigidity. The best procedure is to ascertain the twisting stiffness
experimentally as outlined by Hudson (Ref 6). The formula shown on Fig 1l is
correct for uniformly thick isotropic plates. An approximate value of twisting
stiffness for orthotropic slabs or stiffened plates may be obtained by using
procedures outlined by Huffington (Ref 7) or computations summarized by
Troitsky in a recent publicétion (Ref 15). Fortunately, precise values of
twisting stiffness are unnecessary to model a slab. The main load carrying
capabilities of a slab are due to its bending stiffness which is more accu-
rately definable.

By using a zero value of twisting stiffness and zero Poisson's ratio, a
simple grid system may be modeled. Each beam would be modeled by an appro-
priate D or D’ term which would then be the per unit width stiffness.

The beam stiffnesses entered should therefore be divided by the increment
width. |

Table 5 is for input of in-plane axial tensions P* or P if present.
These might be generated due to differential temperature between a slab and
floor system, closing of a bridge expansion joint, or traffic braking and
acceleration forces. There is no provision in the program for automatic dis-
tribution of applied axial forces since no in-plane supports are used which
would restrain them. The user must specify the distribution of the axial
tensions (+) and compressions (-) in each x-bar and y-bar of the model. Since
these are bar forces, no data should be input which would represent forces
outside the boundaries of the actual slab. A brief sample of data input is
given in Fig A2 in Appendix 1.

All data in Tables 4 and 5 are algebraically accumulated and values there-
fore may be added or subtracted regardless of other values specified.

For offspring problems, only Table 1 and Table 4 are required. Table 3
may be again specified if desired. The new loads are input in Table 4 and the
program replaces the loads in the previous problem with this new load system.
All the stiffness terms of the previous Table 4 are retained, as are the pre-

ceding Table 5 axial effects if any were present.

Data Errors

All data are checked for compatibility with the geometry of the specified

slab and consistancy of coordinate input. A count of the number of data
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errors is made and if any errors are encountered, the problem is terminated
and a message showing the number of data errors made is printed. Typical
errors are: (1) misuse of the multiple-load option, such as a -1 following a
0 in the preceding problem; (2) the number of increments in the x-direction
exceeding those in the y-direction (If this were allowed, an inefficient and
time consuming computer solution would result.); (3) a negative or zero incre-
ment length specified; (4) a negative Poisson's ratio or thickness input;

(5) the "Through'" x or y-coordinate in a data specification numerically less
than the "From'" coordinate; (6) data specified outside the geometric limits of
the slab; (7) a zero x or y-coordinate specified for a twisting stiffness;
(8) a zero x-coordinate used for x-bar axial tensions or a zero y-coordinate
for y-bar tensions; (9) the number of increments specified are greater than

~ the dimensioned storage the program can opérate with; and (10) misuse of the

selected output option.

Computed Results

All data cards are reflected in the printout of results exactly as they
were input. It is good practice to again check these data for possible errors
prior to inspection of the remainder of the results.

Table 6 of the printout lists the lines or areas of selected moment out-
put if they are specified by Table 3. If the selected output is along an x
or y-station line, the output is arranged to print in a column along that line.
If an area is specified, the output is arranged by groups for each y-station
as is done in the complete output of results in Table 7.

The complete computed final results are given in Table 7 of the printout.
This table is arranged to give the x and y-joint coordinate, the transverse
deflection at each joint (upward deflections are positive), the bending and
twisting moments, the support reaction, the principal moment or stress and its
direction. The tabulations are arranged in groups for each y-station. Output
values of bending and twisting moments are given on a per unit width basis.
Bending moments are positive for compression in the top of the plate or slab.
The x-bending moments act in the x-direction and y-bending moments in the y-
direction.

The per unit width x twisting moment is tabulated and is exactly equal
to the y twisting moment with opposite sign. The x-twisting moment acts in
the x-direction and is about the y-axis. Even though the input values of

twisting stiffness were specified at each mesh, the output value of twisting
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moment is the average of four adjacent mesh areas and is therefore given at
the joint. The user is cautioned that the output values of twisting moment
along the edges or other discontinuities of a slab or plate reflect the aver-
age and therefore may be a one-quarter, one-half, or some other proportionate
value of twisting moment.

The support reaction is the concentrated value of resistance to displace-
ment offered by any support springs if present. A subgrade modulus spring
will reflect the concentrated value of pressure under the slab. The value of
support reaction is different than the similar value tabulated in prior ver-
sions of DSLAB (Ref 13) and SLAB (Ref 6) computer programs. In those programs,
the value might have been better labeled Net Reaction, or Net Force, since it
was the summation of the applied load and support reaction.

Internally in the program, a Mohr's circle analysis is made at each joint
using the orthogonal bending moments and the twisting moments to yield the
larger numeric value (positive or negative) of principal moment per unit width
and the angle from the x-axis of the coordinate system to the acting direction
of this larger value. Counterclockwise angles are positive. If the pseudo-
thickness is specified in Table 2, the values are converted to the larger
numeric value of principal stress instead of moment. A positive stress indi-
cates tension in the bottom of the plate. The input value of thickness is
properly used for only plates of constant thickness. For plates of variable
stiffness and thickness, a direct conversion can be made for principal stress
from the principal moment.

As both a check on the internal computer solution and a check on the in-
put of the load system to a problem, a final result is listed at the end of
Table 7 which is the algebraic sum of all the reaction values and should be
equal to the sum of all the applied loads. This check should always be in-
spected to verify that the desired load system was specified and that the

problem was properly solved.

Differences from Prior Developments

Versions of SLAB (Ref 6), LAYER (Ref 8), and previous DSLAB (Ref 13) pro-
grams all require a double value of twisting stiffness at each mesh. SLAB 30
requires but a single value of C to be entered for each mesh. This is a unit
resistance to twisting and typical units are lb-inzlin/rad. No matter what the

two orthogonal bending stiffnesses of a plate or slab are, or the increment
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lengths, the unit twisting stiffness must be the same in both directions for
equilibrium of an element.

Another modification included in the SLAB 30 program relates to the com-
putation of anticlastic bending or Poisson's ratio effects. It has been
shown (Ref 15) that, due to Maxwell's theorem of reciprocity, there must be
a constant relationship between bending stiffness in one orthogonal direction
and the Poisson's ratio in the opposing direction and vice versa. SLAB (Ref
6), LAYER (Ref 8) and previous DSLAB (Ref 13) programs had the capability for
input of diverse bending stiffnesses, but only one Poisson's ratio was input.
For slabs with different D° and D’ at the same joint, it was therefore
conceivable to create a slight anomaly. This has been overcome in SLAB 30,
by testing the input value of Dx and D’ at each joint and using the smaller
stiffness in combination with the input value of Poisson's ratio for the anti-
‘clastic effect. Therefore the input value of Poisson's ratio must be thought
of as the maximum value for the basic slab or plate material. This correc-
tion has much greater effect when the program is applied to stiffened plates
which are modeled by different equivalent thicknesses in opposing directions
or when slabs are modeled with reduced stiffness in one direction due to a
crack.

A last difference is that SLAB 30 has but two stations added to the exter-
nal stationing for internal stationing as opposed to four. The internal
stationing is related to the indexing and storage of the program itself.
Therefore, by adding two instead of four, a slightly larger problem can be

solved with no required increase in computer storage.



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



CHAPTER 4. THE SELECTED EXAMPLE STRUCTURE

Two-way bridge slab decks supported by widely spaced girders and floor
beams have not been used extensively in bridge design. Some examples are now
beginning to be used, due in part to developments in available analysis tech-
niques, and more probably due to the advent of high-strength steels. These
new steels make longer highway bridge spans more feasible and the girders or

floor beams may be more widely spaced.

Types of Bridge Decks

A wider and longer span bridge generally can not be constructed by plac-
ing many long-span beams on narrow beam spacings. Economy of substructure
and superstructure dictates that the girders be placed on much wider spacing
than customary girder-slab structures which usually have main spans of less
than 400 feet, and girder spacings of less than 10 feet,

Support of a concrete bridge deck on widely spaced girders can be accomp-
lished in three ways. One method is to use one-way reinforced slabs spanning
between the girders. For a girder spacing of over about 15 feet, the slab
thickness required would create an intolerable amount of dead load. Another,
and more usual method, is to again design the deck as a one-way slab but
supported by closely spaced transverse floor beams which span between the
main girders. By this means, an efficient slab thickness can be achieved
without much additional dead load due to the floor beams. Post-stressing
the deck in the longitudinal direction gives this method practicality. A third
method is to use a slab which is reinforced in two directions and support it

by both widely spaced main girders and floor beams or diaphragms.

Existing Two-Way Slab Design Procedures

Existing design procedures for two-way slabs are usually for uniformly
loaded slabs like those encountered in building construction. The building

code of the American Concrete Institute has design moment coefficients for
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two-way slabs of various rectangular configurations (Ref 2). Only combina-
tions of either fully fixed or simply supported edges are considered. The
Standard Specifications of the American Association of State Highway Offi-
cials (Ref 1) has a design specification for slabs simply supported on four
sides which is limited to either uniform loads or a concentrated load at the
center.

Neither of the above named methods of computing bending moments in two-
way slabs is applicable to design of a two-way slab continuous over many
supports subjected to moving, concentrated loads. The direct slab solution
developed by Stelzer (Ref 13) was selected for use in the initial study

since it had the capacity to solve plates and slabs supported in diverse ways.

The Example Structure

A large structure has been planned by the Texas Highway Department to
span the ship navigation channel at the Port of Houston, Texas. Preliminary
analysis showed that a structure composed of widely spaced plate girders
with a two-way reinforced light-weight concrete deck would be desirable. At
the suggestion of designers of the Bridge Division of the Texas Highway
Department, a study was begun on analysis of two-way bridge slabs. The parti-
cular structure was chosen as an example so that as work for the study
advanced, immediate benefit could be given to the designers of the structure.

The structure is shown in Fig 4. As planned, it is composed of six mass-
ive plate girders which will vary in depth from 6.5 feet at the ends to over
17 feet in depth at the center of the channel. The center span will have a

290-foot-long suspended span.

A Preliminary Girder Design

During preliminary planning of the geometry of the structure, study was
made of a similar configuration but without the two support points shown as
Bents B and E in Fig 4. This study was facilitated by application of a com-
puter program which will analyze beam-columns under movable-load configura-
tions (Ref 12). The analysis considered the unit as a five-span girder 1230
feet in length, supported at six points, but with the central four sloping
members capable of rotation about the common supports at Bents C and D. The

analysis showed that the positive moments (defined as compression in the top
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flanges) in the span were almost as much as would be created in a three-span
unit with a 630-foot central span. Subsequent study showed that the addition
of "tie-down" points by means of Bents B and E would restrain the major part
of the sloping member rotations, and thereby create a true five-span unit with
a 430-foot center span. Settlement and other considerations later indicated
that suspension of the central 290 feet of the center span was desirable to

disconnect effects of one side from the other.

Structure Details

The lower flanges of the girders will be almost level for the complete
1230 foot distance. A parabolic vertical curve will be constructed in the
top of the girder webs which will effect the ch&nge in depth from ends to
center.,

A typical section of the centralbportion of the structure is shown in
Fig 5. The deck is planned to be of light-weight concrete of 10.5-inch con-
stant thickness. - Longitudinal deck support will be by the main girders,
which are 27.5 feet apart. Transverse deck support will be provided by the
intermediate diaphragms, which are at 25 foot spacing.

When the study was originally begun, the geometry of the example struc-
ture was incomplete, so the initial studies were of a slab supported trans-
versely by the main girders at 28-foot spacing and diaphragms at 24-foot spac-
ing. The main work of the study has been done using this geometry, which is

seen to be slightly different than the configuration shown in Fig 5.

Specified Loadings

The deck is loaded locally by various numbers of the loads as shown in
Fig 6, which are as specified in Refs 1 and 16. Also as specified, an impact
factor of 30 percent is applied to these loads. This study does not attempt
to justify the values of loading, nor the impact factor. It is merely an

application of a method of analysis to a predetermined system of loadings.

A One-Way Désign

Slabs with reinforcement perpendicular to traffic are limited by the AASHO
specification (Ref 1) to spans of less than 24 feet. For the highway bridge

of Fig 4, the transverse deck span is 27.5 feet. Assuming it was desired to
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make the slab one~way in the transverse direction, and if the specification
could be extended to this span, it would result in a design live-load with
impact moment of 15.3 kip-ft/ft width of slab. Added to this, using light-
weight concrete, would be a dead load moment of 8.7 kip-ft/ft. The resulting
moment, assuming two inches to center of negative reinforcement, would require
a total balanced slab thickness of approximately 13.5 inches.

The diaphragm spacing is planned to be 25 feet. Again, assuming it was
desired to make the slab one-way in the traffic direction, supported only by
the diaphragms or a transverse floor beam system, the required slab thickness
would also be nearly 13.5 inches. The 29 percent increase in slab dead load
that would result by using a 13.5-inch slab instead of a 10.5-inch slab would
then require a proportionately larger system of main girders and substructure.
The economy of using a two-way slab is therefore quite apparent.

The following chapter will describe how the slab was modeled and parti-
tioned for computer solution and will show the multitude of load patterns

which were considered during the course of the study.
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CHAPTER 5. PARTITIONING A TWO-WAY SLAB

The main girders of the structure, described in Chapter 4, will be designed
by application of a specified loading which approximates a heavy truck preceded
and followed by a train of smaller trucks. Several of these truck trains may
be placed side by side on the structure. The bridge deck slab itself, however,
is primarily influenced by the application of one or two of the design truck
loadings (Fig 6) in close proximity. For this reason, it is appropriate to

analyze only selected portions of the complete bridge deck.

Size of the Model

As would be expected by application of a model (Fig 1) for solution of a
beam or plate, the more discrete elements into which the model is divided, the
more accurate the representation of the structure. This can be carried to
extreme, however, because the use of a larger number of elements does not
increase the accuracy of the solution proportionately. A good rule of thumb
that has been found by this investigator is to use not less than about ten
elements in each beam-column or slab span. The results are then accurate to
within about one percent. Doubling the number of increments to 20 in a span
reduces the error to about 0.2 percent. Any more increments than this are a
waste of both designer's input calculation time and also computer time. Less
than about ten increments increases the error, but, as has been shown by
Matlock in Ref 11, as few as four increments can be used in a simple beam
with an error of five percent. More elements are needed for study of negative
moment at supports than for positive moment areas.

Ideally, for a two-way bridge deck, as many panels as possible should be
partitioned from the structure to approximate the multiple-slab-span continuity
effect. Selection of an area three panels by three panels in size might seem
appropriate when studying effects of loads in the central panel. 1Initially,
the computer program available for the study of two-way slabs had the capacity

to solve a square slab model of about 28 by 28 increments or a rectangular
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model of about 16 by 45 increments. If the nine-panel area were selected,

this would make available only about seven increments to model each slab span.

Edge Restraint Springs

The solution accuracy within panels was desired to be as good as possible,
but it also appeared to be necessary to use many panels in both directions to
include the multiple-slab-span continuity effect. A method was therefore
devised so that a few panels could be made to represent many panels in the
deck slab. Since local deflection of the large deep girders and diaphragms
was negligible, the slab was assumed to be supported by nondeflecting hinged
supports along the lines of the girders and diaphragms.

A three-panel section of square 28-foot spans was modeled, each panel
having 14 two-foot increments in both directions as shown in Fig 7. Two feet
outside the perimeter of this three-panel section, a line of elastic springs
was placed to partially restrain the edge of the slab against rotation. An
arbitrary value was initially used for the modulus of each spring. A system
of four concentrated wheel loads was symmetrically placed in the center of
the middle panel, a computer solution made, and the results inspected. Since
the restraint springs along the shorter sides of the three-panel section are
one panel away from the loaded panel, their effects on the central panel
deflection are not felt as much as those from springs along the long sides.

If the loaded panel had been in the middle of a many-panel area, the bending
and deflection would be equal in both orthogonal directions. Applying this
symmetry principle to the three-panel restrained area, the spring value was
then modified to cause the deflections and moments in the center panel to be
symmetrical. Several trials were made, each time adjusting the edge restraint
spring until the deflections and moments were symmetrical in the center square
28-foot panel.

It was found helpful to plot the edge restraint spring value against
deflections of symmetrical joints. By this procedure, two solutions, each
with arbitrary edge restraint values, can quickly pinpoint the appropriate
edge restraint spring modulus.

A similar procedure was applied to a three-panel section composed of
square 24-foot panels. The edge restraint value found to best represent 24-

5

foot-slab spans was 5.4 X 10 1b/in and the value found for 28-foot-slab
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Fig 7. The three-panel interior section of the deck as modeled
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spans was 5.3 X 105 1b/in. These values were then applied to the edges of
the actual 24~foot by 28-foot rectangular deck panels.

The selected values of edge restraint theoretically are not independent
of the load system. A separate study using diverse loads and placements showed
that the value of edge restraint is not particularly sensitive to load. A
change in the support configuration or stiffness of the removed portions of the

structure has much greater influence on the edge-restraint values.

Panels Selected for Study

Since negative moments across the supporting girders and diaphragms were
of primary interest, a three-panel section was chosen to use for study of the
interior panels. Although two panels would have been sufficient, the third
panel was used so that additional symmetry checks could be made on the indi-
vidual sclutions. As will be seen from the results in Chapter 6, the positive
moments in the first and second panels for a negative moment loading are the
same, as they should be if there were many panels extending away from the
loaded panels.

Two three-panel configurations were used for study of moments in interior
panels. Figure 8a was used for study of moments in the long span, perpendic-
ular to traffic. Figure 8b was used for study of moments in the short slab
span parallel to traffic.

Four other three-panel sections were later used for study of moments in
the first interior panels, corner panels, and the cantilever overhang portion

of the bridge deck, as shown in Figs 8c and 9.

Load Patterns and Placements

Two load types can possibly occur on the deck panels in addition to the
dead load of the concrete. The standard HS truck shown in Fig 6a is the truck
specified in Ref 1 to be applied to all primary highway structures. The addi-
tional special loading shown in Fig 6b is specified in Ref 16 to be considered
for all interstate and other highways which are in the national defense system
of highways. The various types of load patterns and relative placements which
were studied are shown in Figs 10, 11, and 12. The Z~-dimension shown in the
figures is the dimension which was varied in each case to arrive at the load

position which created the maximum bending moment. For instance, a load
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pattern designated as H1-10 (Fig 10) means that four concentrated loads from
the rear wheels of two standard HS trucks were centered transversely on a
28-foot panel, and were placed 10 feet from a diaphragm. The load patterns
used for the cantilever overhang study are shown in Figs 11 and 12. It will
be noticed that no pattern included the front axle of the standard truck.
Inspection of the load patterns will show that had it been used, it would have
been placed at or near a diaphragm location for most of the loading conditions
studied. For this reason, and for simplicity, it was not applied, since its
effect would be small or negligible.

The following chapter describes the results of the analyses which were

made for the example structure.



CHAPTER 6. RESULTS OF THE EXAMPLE SLAB ANALYSES

A complete presentation of all the analyses which have been carried out
will not be made here. A summary of the critical load conditions and results
will be shown in graphical form, however, for the four areas of the deck slab
which have been studied. A particular difficulty which has necessitated the
numerous solutions is that the number, type, and placement of the specified
loadings to create the maximum bending moments could not be predetermined.

As one result of this study, future similar problems will benefit, since some
general statements about the load types and placements for maximums in two-way
slabs can now be made. Dead load of the light-weight concrete slab is included

in all results.

Interior Panels

Since the predominant portion of the bridge deck consists of panels
surrounded by other identical panels, the first studies were of this type. An
interior panel is defined as one spanning between the central four girders of
the structure (Fig 5) and not adjacent to the transverse end joints or suspended
span joints. As discussed in Chapter 5, a three-panel section of the deck was
modeled by using hinged supports at the beam and diaphragm locations. A
restraint spring was added along the boundaries to represent the restraint of
the continuous adjacent panels (Fig 7).

All of the loading types shown in Fig 10 were used for the interior panels.
The Z~dimension of each was varied to determine the position which created the
maximum moments. All interior panel loadings were of two specified trucks or
special loadings (Fig 6). Three trucks could possibly have caused more nega-
tive moment across a girder than a loading of the H3-Z type, but when three
loads are present, a load reduction factor of 90 percent is specified (Ref 1)
which would have the result of reducing the values below the two-truck maxi-

mum. All solutions include dead load of the light-weight-concrete deck slab.

43



44

Positive moments in the 24-foot direction were computed by using a
three-panel section as shown in Fig 8b. Some symmetry checks were made in
which a load pattern was placed in the first panel instead of in the center
panel; these showed positive moments almost identical to those in the center
panel. This gave an additional check on the value of the edge restraint
springs. Load types Hl-Z and M1-Z were placed to create the maximum moment in
the 24-faot span direction. Several solutions were made varying the Z-load
placement dimension. A composite plot of the results is shown in Fig 13. The
maximum moment of +12.60 kip~ft/ft occurred under a wheel of the H1-12 pattern
loading. A value of +11.88 kip-ft/ft occurred with pattern M1-10. Comparison
plots of the values from patterns H3-8 and M2-4 are also shown in Fig 13 to
indicate the positive moment that might be expected with only one truck axle
in a panel.

Positive moments in the 28-foot direction were computed by using the same
load patterns as in the 24-foot direction. The orientation of the three panels
is shown in Fig 8a. Values of moment in the 24-~foot direction were again al-
most the same as those above which also gave an added check to the edge
restraint values. The maximum positive moment in the 28-foot direction was
+9.36 kip-ft/ft under a wheel of the special loading using pattern M1-10 (Fig
10). Even though the H1-12 loading has heavier individual wheels, the closer
spaced special wheels caused the moment to exceed that of the H1-12 pattern.

A composite plot of these results is shown in Fig 14.

Negative moments in the 24-foot direction were studied using the three-
panel section of Fig 8b and patterns of type H2-Z shown in Fig 10. The plots
of some of these results are shown in Fig 15. The maximum moment occurred with
pattern H2-6 and was -15.83 kip-ft/ft. This pattern has two trucks with their
axles 12 feet apart which is less than the minimum of 14 feet shown in Fig 6a.
A pattern with 14 feet between axles is H2-7 and gives a slightly smaller maxi-
mum of -15.75 kip-ft/ft. It is interesting to note that the maximum occurred
with the concentrated loads acting at the one-quarter point of the span. The
comparable point for concentrated loads on a continuous beam is at four-tenths
of the span.

Negative moments in the 28-foot direction were similarly obtained by use
of the three-panel section of Fig 8a and load patterns of types H3-Z and
M2-7 shown in Fig 10. Results of these solutions are shown in Fig 16. The

maximum negative moment occurred midway between diaphragms and was -15.30
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kip-ft/ft. This was for load pattern M2-4. Again note that the maximum was
with the centroid of the load pattern at the one-quarter point of the 28-foot

slab span.

First Interior Panels

The slab areas between the outside girders and the interior girders were
initially assumed to be less stiff than the interior panels as would be expec-
ted when comparing to the first span of a continuous beam. After analysis,
these panels were found to be nearly the same as an interior panel except for
the edge along the outside girder. The maximum positive moment in the traffic
direction (24-foot-slab span) was with a load pattern of the H1-12 type and
was +12.71 kip-ft/ft. This compares to the +12.60 kip-ft/ft value in the in-
terior panels.

Positive moment in the 28-foot direction was found to be maximum with a
M1-10 type loading (Fig 10). The value obtained was +9.19 kip-ft/ft compared
to the maximum of +9.36 with the same loading in an interior panel.

Negative moments at a supporting diaphragm in the traffic direction were
computed by application of the same pattern which created the maximum in the
interior panels., This loading was an H2-7 type (Fig 10), and the maximum
negative moment value was -15.72 kip-ft/ft. This compares closely to the
-15.75 kip-ft/ft interior panel maximum for the same load pattern.

Due to the similarity of bending moments in a first interior panel as
compared to interior panels, no negative moment solutions were made for the
first interior girder. This value would surely be nearly the same as that

between interior panels, which is -15.30 kip-ft/ft with load pattern M2-4,

Many-Panel Comparison Study

As the two-way slab investigations proceeded, developments and improve-
ments in the computer program discussed in'Chapter 3 allowed a much larger
section of the bridge deck to be partitioned for solution. A 50 by 100-
element solution with 24 panels including the overhang was partitioned as
shown in Fig 17. The loading was the same as that which created the maximum
negative moment in a first interior panel which is also shown. The computed
many-panel negative moment was almost exactly the same as that computed with

the three-panel section with edge restraint springs as indicated in Fig 17.



48

|
19

[ 3
r—e—_-=- b T - ———-——= a|p|un|v & m. - - ’
| | | | = ﬂ ﬂ Yo
“ I © @ a0 ! & f & o
1 | O\\__ [0} ! - - = "
i S = .
_ _ 8
_ _ o | o [ = v~ &8 E
[ _ [ ! 2 6w © o
Lo 1o ___ I J]—= 1%..« . Tt
M— __ __ -“— " " w.
2 ©~ 0 o —o u s = E
w Lo ]2 Y] - v + o
o
[¢4]
! .
<
|||||| e — e [, e e = e M
T B e
_ | | | ea g1 _ “ 2 _
| | [ | x30” 1 o _ | B _
_ | _ | ®2%0 { o _ _ c ! !
_ _ _ N _ le =& EI !
_ _ ! _ F | IS S m |
[ T R T S TR EE R - & _ o
! ] | *4 T IE HEE
__ _ | | ™~ r~ | ! e_ |
| | | < ! _% % E |
| @ ! le o * _
i - | Y | | _5 ® {
I LS | | B ¥ ]
e ro-==o- B Siunie « o Etm —©
_ | _ (T ¥ S |
| i | | | | [ !
| i | | ! ! { |
_ i ! | | | _ | _
_ | _ I _ [ _ _ !
| | ! ! | [ I I |
L L S A A L ) L _ 1 — —
| [
(021 o] [{o} < [V} a -
(021 @® ~ (%) w 0 % M o

Edge Restraint Spring

Comparison between a three-panel solution

Fig 17.

and a many-panel solution.



49

Two major points can be obtained from this many-panel comparison solu-
tion. The first is that a few panels with appropriate but approximate edge
restraint springs representing the rest of the continuous slab can correctly
model a many-panel deck slab continuous over numerous supports. The second
point is the comparison of computer solution time which is directly propor-
tional to costs of solution. The three~panel solution took 25 sec to solve
on the CDC 6600 computer, while the 24-panel solution took almost 14 min to
solve or about 31 times longer. In addition, less input information is re-
quired, and less output must be examined in the case of the three-panel con-

figuration.

Corner Panels

Corner panels were examined by application of the load patterns which were
found to control the maximum positive moments in the other panels. A typical
corner panel is shown in Fig 18. No edge restraint was used along the slab
edge which is adjacent to the transverse expansion joint of the structure.
These joints will have a system of interfitting steel fingers which will create
a "finger-joint" expansion and contraction device to bridge over the gap which
must be left between adjacent units and at the suspended span joints (Figs 4
and 5). The total thermal movement in a structure of this size may be several
inches at each joint, thereby requiring this special treatment to avoid a bump
in the roadway surface. The finger-joint support brackets will attach to the
end diaphragms and an additional cantilever bracket which will extend from the
outside girder. This bracket will act as a support to the corners of the canti-
lever slab. For this reason, even though there was no edge restraint used along
the edge of the end panel, the additional support from the cantilever joint
support bracket caused the positive moments in the corner panel to be not much
more than those in an interior panel. The maximum moment in the traffic direc-
tion was +13.76 kip-ft/ft for a load pattern M1-10 (Fig 10). Note that as
opposed to the interior panels, the maximum was found with a special loading
combination and not the normal HS-20 truck (Fig 6). The Hl-14 loading created
a slightly smaller maximum in the corner panel of +13.42 kip-ft/ft. Positive
moments in the transverse 28-foot span direction were also due to a M1-10

pattern and were +10.71 kip-ft/ft.
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Cantilever Overhang

The areas of the bridge deck which were most difficult to analyze were
the overhanging portions of the deck. The studies for the first interior panels
used a model which included the overhang and parapet as shown in Fig 18. Note,
however, that there are only four elements modeling the cantilever. This mesh
size is adequate for the interior panels but was found to be too coarse for the
overhang itself since a slight shift in lateral placement of loads on the canti-
lever changed the bending moments appreciably. The coarse grid was used, how-
ever, to determine the position and placement of the wheels which created the
maximum cantilever bending moment. Pattern type H4-Z (Fig 11) was used with
the Z-dimension varying for several solutions. A pattern with Z equal to 4 feet
gave the highest value for the H4 type of loading. This dimension was then
fixed for the other load patterns in which the distance from the outside truck
to the interior girder was varied as shown in the other patterns of Figs 11
and 12.

To determine an adequate mesh size to use for the overhang solutions, a
comparison was made by using two-foot, one-foot, and six-inch mesh sizes as
shown in Fig 19. The support configuration using two adjacent hinged lines of
support was arbitrary. Bending moment variation as a function of mesh size was
the factor being compared. A long enough length was chosen in the traffic
direction so that results would be unaffected by length; that is, the moment
approached the dead load moment near the ends of the chosen length of 74 feet.
It was necessary to compare on this basis because the computer available could
not solve interior panels coupled to the overhang with the six-inch mesh size.
The required problem would be at least 78 by 100 increments which would exceed
the available computer capacity. The cantilever-increment study showed an
appreciable difference between the two-foot mesh solution and the one-foot mesh
solution. Very little difference, however, was observed between the six-inch
mesh solution and the one-foot solution. Based on these results, it was deter-
mined that one-foot would then be adequate for modeling of the overhang. A
series of solutions was made with the six-inch mesh size, varying the load
patterns from M6-0 to M6-2 in six-inch steps., These results could then be
interpolated and compared to the one-foot mesh size solutions to achieve a
predicted maximum cantilever bending moment with the M6 pattern.

The one-foot mesh size solutions were made with a three panel plus over-

hang section as shown in Figs 9c and 18. Since a load pattern using the
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special loading (Fig 6) was previously found to be the controlling overhang
load condition, several variations of this pattern were applied for the final
cantilever loading series shown in Fig 20. Dead load is included in all solu-
tions. As previously noted in Figs 10, 11, and 12, an H type load pattern is
of the standard HS truck and an M type is of the special loading. The maximum
transverse negative bending moment at the outside girder is shown in parenthe-
ses in Fig 20 for each of the load patterns tested. Note that the maximum bend-
ing moment at a diaphragm is with a single special loading of the M6 type, but
the maximum between diaphragms is with two special loadings of the M3 load
pattern.

Figure 21 shows the cantilever slab and how it was modeled with the one-
foot mesh., Three panels in the traffic direction were used as shown in Fig 18.
By correlating these results with those of the six-inch mesh cantilever-increment
study (Fig 19), values of maximum cantilever negative moment can be obtained for
the actual design loading condition shown in Fig 21 in which the wheels are
placed nine inches from the centerline of the girder. Allowing for some reduc-
tion in effective overhang due to the girder flange, the moments are interpola-
ted for the point C shown in Fig 21 which is six inches from the girder center-
line. The interpolated value of maximum negative moment is -16.27 kip-ft/ft
for the area between diaphragms and -21.20 kip-ft/ft when the wheels are loca-
ted at a floor beam. The reason the moment is higher adjacent to the floor
beam is that it effectively stiffens the slab, thereby drawing more moment to
that area. It is interesting to note, however, that the cantilever moment re-
duces rapidly as the wheels move away from the floor beam location. Special
reinforcement or a slight change in the support or slab configurations near
the floor beam might be used to resist this localized high value of negative

bending moment.

Summary of Results

A composite presentation of all the results with the critical load pattern
which created each is given in Fig 22. The moments are in parentheses and are
in kip-ft/ft. All values include dead load of the slab computed from a 10.5-inch
thickness and using 115 pounds per cubic foot for the light-weight concrete.
Dead load of the parapet is also included. The double direction arrows shown
in Fig 22 adjacent to the moments indicate the direction in which the moment

acts.
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CHAPTER 7. COMPARISON STUDIES

Most highway bridge decks are composed of one-way slabs either supported
transversely by floor beams or diaphragms or supported longitudinally by the
stringers. Specified loads, allowable stresses, load-distribution multipliers,
and impact factors all contribute to create an over-all or inherent factor of
safety in a one-way bridge deck. One question which remained after the analy-
sis procedure was developed for two-way slabs was whether or not the resulting
deck would have a different inherent factor of safety than the normal type of

one-way bridge deck.

Comparison of One-Way and Two-Way AASHO Design Specifications

The AASHO specifications (Ref 6) do not presently include detailed design
formulas for two-way slabs continuous over many supports. One-way slab formu-
las are well defined and include a continuity factor for slabs continuous over
three or more supports. The only two-way slab design formulas are for slabs
simply supported on four sides and either loaded uniformly or with a concen-
trated center load. Through experience and tests, the one-way formulas and
the spcified loads (Fig 6) with impact have been shown to give adequate
results for one-way slabs when coupled with the specified allowable stresses.
It remains to be determined, however, if coupling the same loads, impact
factors, and allowable stresses for design of two-way slabs also will give
similar adequate results.

In order to help determine the relative safety factors of two-way slabs,
comparison studies were made by applying the two-way slab analysis procedures
to one-way slabs. The computed values of positive and negative moments were
then compared to those obtained by application of the current AASHO one-way

distribution formulas (Ref 1).

One-Way Slab Reinforced Perpendicular to Traffic

This study was of a one-way bridge deck supported by six girders as
shown in Fig 23. A length of structure was chosen such that in the area of

loading, it would act as a true one-way slab. Three déck sections and the
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Fig 23.

7 /4 in

A typical one-way bridge deck reinforced
perpendicular to traffic,
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overhang were analyzed, with the other two sections replaced by a line of
edge restraint springs as shown in Fig 24. For a structure of this width,
it would not have been necessary to partition, but this was done to show
again the procedure used to arrive at a value for an edge restraint spring.
This procedure is the same as that developed for obtaining edge restraints
for two-way slabs in Chapter 5.

The area of the deck between supports 3 and 4 (Fig 24) was loaded with
a single line of wheels placed on the centerline. An arbitrary value of
edge restraint was selected, a computer solution made, and the results
inspected. Since this is the center of the actual structure, for this load-
ing condition, the deflections and moments between supports 3 and 4 should
be symmetrical about the centerline. The edge restraint value was adjusted
until, after the third trial, results were symmetrical. This value of edge
restraint was then used for all subsequent loadings with the load pattern
shown in Fig 24. Edge restraint-values theoretically cannot be completely
separated from loading influence. It has been found, however, by using
diverse load systems, that the edge restraint value is not sensitive to load
or placement of load. It is more influenced by changes in the structure or
support geometry of the removed portions.

The HS-20 loading (Fig 6) plus an impact factor of 30 percent yields the
load pattern shown in Fig 23. This pattern was moved incrementally across the
width of the model of Fig 24 by a series of one parent and seven offspring
problems.

The resulting envelopes of maximum live-load positive moment are shown
by dashed lines in Figs 25 and 26. Dead load of slab was not included. The
indicated maximum of +4.93 kip-ft/ft shown in Fig 25 is seen to occur in the
first interior deck section. The AASHO design formula (Ref 1) makes no dis-
tinction between first interior sections and other interior sections, when
the deck is continuous over three or more supports. It is seen that the
positive moment in an interior section is somewhat less as indicated by the
value of +4.38 kip-ft/ft in Fig 26. The maximum negative moment occurred at
the first interior girder and was -5.07 kip-ft/ft as shown in Fig 25.

The AASHO moment formula (Ref 1) for an 8.0-foot effective beam spacing,
with the continuity factor of 0.8, yields a value of design positive or nega-
tive live-load moment of +5.20 kip-ft/ft. By reducing the effective span by

one-half the flange width, a value of *4.94 kip-ft/ft was obtained. These



60

Fig 24.

The computer model of a one-way slab.
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calculations are shown in Fig 27. It is noted that the values indicated

by the computer in Figs 25 and 26 are surprisingly close to these values.

The conclusion can therefore be drawn that the AASHO formulas effect approx-
imately the same load distribution as the computer solution for this particu-
lar beam spacing. The AASHO formulas are based mainly on studies made by
Westergaard (Ref 17). The formulas have been modified over the years, with
the last notable modification, made in 1961, increasing the load distribution
width for slabs on supports.

An interesting aspect of the computer solution is the secondary moments
which occur under the load points in the longitudinal or traffic direction.

A maximum value of +2.1 kip-ft/ft was computed. The AASHO specifications

give no way of computing this longitudinal moment, but do specify a certain
amount of longitudinal distribution reinforcement as a percentage of the trans-
verse reinforcement. In a usual bridge deck of this thickness, the distribu-
tion reinforcement would yield a resisting moment of +2.8 kip-ft/ft of width

in the center area between the beams.

One point should be clarified in regard to the close comparison between
the computer solution and the moment as predicted by the AASHO formulas. The
comparison was for an 8.0-foot effective beam spacing; other support spacings
may not compare nearly so well. The specification change made in 1961 for the

load distribution width was quite different for each beam spacing.

One-Way Slab Reinforced Parallel to Traffic

Another one-way slab study was made of a deck supported by transverse
floor beams spaced at 18 and 21 feet (Fig 28). The slab is to be prestressed,
and the thickness will be 10.5 inches. A four-span section of the deck includ-
ing dead load was solved by use of the developed computer program, with a
resulting total maximum positive moment of +20.3 kip-ft/ft and maximum negative
moment of -19.0 kip-ft/ft. By application of the appropriate AASHO distribu-
tion widths to one line of specified wheels (Fig 6), comparable moments of
+20.4 kip-ft/ft and -19.1 kip-ft/ft were obtained. These included dead load.
Again, the close correlation between the computer solution and current design
practice is seen. In this case the maximum transverse secondary moment from

the computer solutions was +7.9 kip-ft/ft.
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Fig 28. A typical one-way bridge deck
reinforced parallel to traffic.
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Two-Way Slab

A third study was of a two-way slab constructed for a bridge in Cali-
fornia. The slab for this structure was designed by application of the
limited AASHO specification for slabs supported on four sides (Ref 1). No
drawing is shown here, but a good description is given by Jacobs and Cassano
in Civil Engineering Magazine for November, 1967 (Ref 9). The structure is
the San Mateo Creek Bridge constructed for the State of California and is
located on the San Francisco Peninsula near San Mateo. The main girders are
spaced at 20 feet, with transverse cross-frames spaced at 25 feet.

Experience obtained in the two-way slab study described in Chapters 5
and 6 greatly reduced the number of patterns necessary to be tried, and it is
felt that the results are close to the maximum condition that might be
obtained from a more thorough study. Only a central panel was studied, since
the overhang is well supported by brackets. The maximum total slab moments
that were computed would result in a total balanced slab thickness of approx-
imately 9.5 inches for negative moments and 8.5 inches for positive moments.
This structure has a 0.5-inch concrete-grout wearing surface which was
included in the analysis. The actual slab deck thickness used for the construc-
tion of this bridge was 9 inches except in the central portion which was thick-

ened for construction loads.

Confidence in the Computer Solution

The three additional studies help yield confidence in the two-way slab
computer solution as a means of analysis. It is re-emphasized however, that
this is analysis only, and not to be construed as justification for the
specified loads and impact factors which were used. These loads and factors
have been shown from experience to be adequate for design of most highway
structures which have one-way deck slabs, but it will remain to be determined
if they are also adequate for two-way slab design. It is hoped that with new
analysis tools and techniques being developed, study of the actual measured
static and dynamic loads on structures will be made. A traffic load measuring
device developed by Lee (Ref 10) could be used to measure actual wheel loads
under moving traffic conditions on bridge structures. By coupling these
results with a dynamic two-way slab computer program, a study could be made
of bridge decks with conditions modeled much closer to those experienced in

actual structures.



CHAPTER 8. SUMMARY AND RECOMMENDAT IONS

The problem of analysis of two-way reinforced concrete bridge decks has
been studied by application of a computer program. Procedures have been out-
lined for partitioning portions of the slab. The method of analysis is not
limited, however, to two-way bridge floor decks. Flat-plate building slabs,
one-way slabs, slabs on subgrade, and stiffened steel or aluminum plates are

among the structures to which the method can be applied.

Multiple Loadings

A computer program, DSLAB 30, was developed during the course of the
study. The program is based on discrete-element modeling using numerical
difference methods. The solution technique is a two-pass recursive procedure
developed by Matlock and others (Refs 11 and 12) and extended to two dimen-
sional systems by Stelzer (Ref 13). A further development has been added
which has been called the multiple-loading recursive technique. This tech-
nique allows numerous loading conditions to be studied at a fraction of the

computer time of individual solutions.

Partitioning of a Slab

A procedure was developed to partition out sections of a bridge deck or
other type of slab structure supported by hinged supports. The partitioning
procedure is approximate, but has been shown to give surprisingly good results
when compared to solutions using a much larger or even complete structure.
Procedures similar to this are commonly used in hand methods in which sections
of a continuous beam or frame are removed, and modified stiffnesses are applied
to the members which are adjacent to the removed portions as outlined by
Ferguson (Ref 5). Partitioning gives the engineer a useful method of studying
portions of a structure in great detail, without the neéessity or expense of

solving the complete structure for each loading condition.
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Recommendations for Further Study

An important aspect of the study related to partitioning of structures
and particularly to slabs on subgrade is the capability of having edge
restraints which are not adjacent to a hinged support. These would be rota-
tional restraints similar to those used in the beam-column methods (Refs 11
and 12). The addition of rotational restraints to the computer program
included in this report has been begun but not completed.

AASHO design procedures (Ref 1) are presently limited to particular types
of two-way slabs and loadings. By application of the methods outlined in this
report, a number of solutions could be made, varying the girder and diaphragm
spacings. These solutions might then be used to evolve a two-way slab design
method which could be similar to the distribution coefficients for one-way slabs.

A further extension of the multiple-loading recursive technique to slabs
on nonlinear foundations has been investigated. The nonlinear support is
initially represented by an elastic spring and the nonlinear force-displace-
ment characteristics adjusted from the linear spring by means of an additional
equivalent applied load. This procedure has been shown to be successful for
certain types of problems, and further development is underway.

The multiple-loading recursive technique would be appropriately used to
simulate the movement of a truck across a bridge deck as is done in the moving-
load beam-column program (Ref 12). This program presently solves a complete
beam-column solution for each position of movable load. By incorporating the
multiple-loading recursive technique, a decrease in computer computation time
could be achieved, although computation time is not too critical for beam-
column solutions.

Two-way slabs designed by elastic methods are inherently good structures.
A concrete slab is not perfectly elastic in nature; any overloading of particu-
lar areas may cause slight cracking to occur which decreases the stiffness in
the distressed area. This causes the bending resistance to be partly shifted
to other less highly stressed areas, thereby distributing the load over a
larger portion of the structure. This effect can be studied by application of
the procedures outlined in this report. After an elastic analysis is made,
the highly stressed areas could be inspected and lines of cracking predicted.
These cracks would be modeled by means of appropriate reduced stiffness in
another solution which then should reflect the results of the re-distribution
due to cracking. This effect could also be introduced by revising the program

to automatically use stiffnesses from an input moment-curvature relationship.
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SLAB 30 GUIDE FOR DATA INPUT - CARD FORMS

IDENTIFICATION OF RUN (two alphanumeric cards per run)

80

-

IDENTIFICATION OF PROBLEM (one card for each problem; program stops if PROB NUM is left blank)
PROB NUM

80

Description of problem (alphanumeric)

| ] "

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

Multiple Load Option Number of Cards for (for offspring problems, only Tables 3 and 4
+1 for Parent problems Table Table Table Table may be used, Tables 2 and 5 are omitted)
-1 for Offspring problems 2 3 4 5 -

= 4 1 L1

80

5

TABLE 2. CONSTANTS (one card, omit for offspring problems)
Entering t causes replacement of the

Incr Length in Incr Length in Poisson's principal moment by the principal
Num Incrs X-Direction Y-Direction Ratio Thickness stress with the same sign (use only
X Y h h v t for constant thickness slabs).
X y
5 0 .o 30 40 S0
TABLE 3. SPECIFIED AREAS FOR SELECTED MOMENT OUTPUT (number of cards as shown in Table 1, 10 maximum)

From Through PRINT (1=YES)

X Y X Y X -MOM Y-MOM

e e

SL
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TABLE 4. STIFFNESS AND LOAD DATA (number of cards as shown in Table 1, enter only load for offspring problems)

From Through Bgnding Stiffness Load Spring Twisting Stiffness
X Y X Y D D’ Q s C
5 10 15 20 30 - 40 50 60 70

TABLE 5. AXIAL THRUST DATA (number of cards as shown in Table 1, omit for offspring problems)

From Through Axial Thrust
X Y X Y P
[ | |
5 10 15 20 6t 70 80

GENERAL. PROGRAM NOTES

The data cards must be assembled in proper order for the program to run.

A consistent system of units must be used for all input data, for example, kips and feet.

All 2 to 5-space words are understood to be right-justified integers or whole decimal numbers . . .|+ 4 3 2 1
All 10-space words are floating-point decimal numbers . . . . . . . . . . . + « « + . « .|-4 .321E+0 3]

A

TABLE 1. CONTROL DATA

The multiple-load option is exercised for problem series in which only the load positions and magnitudes
will vary. The first problem in a series is the Parent and is specified by entering +l1, successive
loadings are the Offspring and are specified by entering -1. If the option is left blank, the pro-
blem is complete within itself.

The number of cards input for Table 2 through Table 5 should be carefully checked after coding is com-
pleted.

LL
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TABLE 2. CONSTANTS

Variables: hx hy v t
Typical Input Units: in. in. none in,

Only one card is needed for Parent or Independent problems. This table is omitted for Offspring pro-
blems.

Poisson's ratio will be taken as zero unless specified (always positive).

Slab or plate thickness is specified if the user desires principal bending stress to be computed. If
left blank the largest principal moments are computed. The use of the thickness switch is appropri-
ate for only slabs of constant thickness., The stress has the same sign as the principal moment.

TABLE 3. SPECIFIED AREAS FOR SELECTED MOMENT OUTPUT

A maximum of ten cards may be used.
The selected moment results are printed if one or both of the print options are exercised.

Table 3 may be omitted if desired since all selected output values are duplicated in the complete print-
out of results.

The selected moment output is controlled by the same joint coordinate system shown in Fig Al and des-
cribed below for Table 4.

TABLE 4. STIFFNESS AND LOAD DATA

Variables: Dx Dy Q S C
Typical Input Units: lb-in2 lb-in2 1b 1b lb-in2
in. in. in. in/rad

All data are described with a coordinate system notation which is related to the discrete-element
model of the slab, This is shown in Fig Al.

To distribute data over a rectangular area, the lower left-hand and the upper right-hand coordinates
must be specified. Figure A2 illustrates a sample data input.

6L
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To specify data at a single location, the same coordinates must be specified in both the "From' and
"Through'" columns.

The "Through'" coordinates must always be equal to or numerically greater than the '"From' coordinates.

The user may input values on the edges of the slab and the corners to represent the proportionate area
desired as illustrated in Fig A2.

There are no restrictions on the order of cards in Table 4. Cummulative input is used, with full values
at each coordinate.

Unit stiffness values D. and D are input at all joints. The values are reduced proportionately for
edges.

Load values Q , and support springs S for any joint are determined by multiplying the unit load or
unit support value by the appropriate area of the real slab assigned to that joint. Hinged supports
are provided by using large S values. Concentrated loads that occur between joints can be propor-
tioned geometrically to adjacent joints.

Unit twisting stiffness C 1is defined for the mesh of the plate or slab surrounded by four rigid bars
and four joints. The mesh is numbered according to the joint number at the upper right corner of
the mesh as shown in Fig Al.

TABLE 5. AXIAL THRUST DATA

Variables: 3 124
Typical Input Units: 1b 1b

All data in this table are concentrated. Distributed data must be summed over the width of the incre-
ment involved. Proportionate values can be used along edges.

Axial tension (+) or compression (-) values P are specified for each x-bar or y-bar. There is no
mechanism in the program to automatically distribute the internal effects of any externally applied
axial loads.

The axial thrust P* refers to the force in the x-bar in the x-direction. Since it is a bar value, no
coordinate should be used which would specify a P* value in a bar outside the real plate or slab.
The bars are numbered according to the joint number as shown in Fig Al.

18
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Joint 2,4
=1/

Y

: 7

/ Mesh 3.4

4
/
yd
? ¥
{
2 |

N—— Y-Bar 3,2

X-Bar 1,0

Joint Data: D, D ,Q,S

(D' and D' are per unit width, Q and S are concentrated )

Mesh Data: C

(C is per unit width)

Bar Data: P, P’

(P and P’ are concentrated)

Fig Al. Data coordinate numbering system.
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b

l l L l\ . R .
Uniform Axial Compression In

Y Direction of 600 Ib per
inch of Width

| —— Uniform Load q = 20 psl
Equiv. per Joint Load

Q= 20}%(6 x 10) in?

1200 Ib

48 in,

Plate Stiffness

. 2
D' ond D’ = 300 Koif
in,

8- kip Concentrated Load

Pttt et

]

WHRONNFHEWWEHEOO

From
Y

= e NP PR O e O

Through
X Y

2 8
2 7
2 7
3 8
3 7
1 6
2 6
2 2
0 8
2 8
3 8

K .
5% and p”

7. 500E+04
7.500E+04
1.500E+05
9,000E+04
9.000E+04

Q 24
-1.200E+03
-3.,600E+02
-8.000E+03
-3,000E+03
-6.000E+03
-3. 600E+03

data incomplete for this sample

Fig AZ,

Sample data input.
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SUMMARY FLOW DIAGRAM FOR PROGRAM SLAB 30

Dimension Driver and set
short X and long Y
maximum lengths

[READ and echo PRINT all input datsj

Generate all

stiffness terms

TN

@

N\

——1D0 for each J 1eve1Y)

l Compute AA and FF

yes

Compute recursion
coefficient vector

no
Offspring? > )
Compute all remaining
stiffness submatrices
BB, CC, DD, EE
Compute all recursion
A multipliers D, E and

___

~
}

|
L

All following
routines are
variably dimensioned

coefficients A , B

2

C

J

‘—5
Continue

89

2©
~O®

—————iD0 in reverse for each J leve1j> (:)
and @ arc

auxillary storage

<:>————'»Compute all

deflections ]

units

——4:§§§tinue ]

Compute all moments
and support reactions

PRINT results\\
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GENERAL FLOW DIAGRAM FOR SLAB 30

All variables are dimensioned in this main
driving routine. For different sized problems
only the cards labeled RED in columns 78, 79,
and 80 must be changed. The main problem and
all subroutines are variably dimensioned.

KSHORT - xx
KLONG = yy

L1 = KSHORT + 3
L2 = KLONG + 3

CALL SB30S

To gain more storage space, an L1 by L2
variable such as CH(L1,L2) may be placed

in common. 1In addition, the variables B

and BMX , and C and BMY , may be set equal
to each other by an equivalence declaration.
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SUBROUTINE SB30S
This is the main computational program

1010
|
[READ problem identificationy

Is

prob num
blank?

Yes

4“)9990

Terminate the
1021 problem series

PRINT problem identificatigﬁj

Prepare tape
storage

[READ and PRINT Table 1 - Control Datay

Is this Yes

an offspring
probiiiz/////f
No 61

[READ Table 2 - Constanf?j
62
[PRINT Table 2 - Constantsy

Is this
an offspring
problem?

Yes

No
100
Compute constants.
Zero data and bending moment storage

IZerO recursion coefficients B and C‘

-
136

[Zero recursion coefficient A




92

————[D0J

|
|
|

READ and PRINT Table 3 - Specified
areas for selected moment output

Is this
an offspring

No

problem?

)

READ and PRINT Tables 4 and 53
Stiffness and load data for
normal or parent problem

Zero loads and deflections
from previous problem

READ and PRINT Table 4.
Replace loads in previous
problem with new loads

there any yes

data eijfjf}///,

No

401
to MYP3 )

1
—

[
—

to MXP3 )

/—-——-——|DO 1 =

* [FF(1,1) = Q(1,3)]

| ‘Compute AA(T,1)

|
N

CONTINUE

Is this Yes

9990

Terminate

Form submatrices
for each J step

Load and AA(1,1) terms
are only ones needed
for offspring problems

an offspring
problem?

501



405

—~———{ D0 1I=1toMxP3 )
411

Compute submatrices at J=1
BB(I,1 Thru 3)
CC(1I,1 Thru 5)
DD(I,1 Thru 3)
EE(I,1)

* 421

Compute submatrices from J = 2
to MYP2

BR(I,1 Thru 3)

CC(I,1 Thru 5)

DD(I,1 Thru 3)

EE(I,1)

431

Compute submatrices at J = MYP3
BB(I,1 Thru 3)
CC(I,1l Thru 5)
DD(I,1 Thru 3)

EE(I,1)
500
- /
501
/"'*‘""‘%V DO I =1 to MXP3 ‘) Begin main solution

AMZ2(1,1)

S AMI(I,1)

AMI(T,1) - A(L,1)

Is this

Retain A recursion
coefficients to use
at next J step

an offspring

proiiigg///f

No

(—--— DO K - 1, MXP3 )
* BM2(I,K) = BM1(I,K) Retain B and C
l BM1(I,K) = B{(I,K) recursion
CM2(1,K) = CM1(1I,K) coefficients to use
l CM1(1I,K) = C(1I,K) at next J step

515
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510
CONTINUE )
y”
515
— CONTINUE )
JI = 7J
Solve for or retrieve
CALL MATRIX H all three recursion
coefficients at this
J step

Retain all A

AT(T,J) = A(T,1) recursion coefficients

Is this
an offspring
problem?}

Yes

Move Tape 1 forward
one .J record

a parent
problem?

Retain D and E
recursion coefficients
multipliers on Tape 2

Retain B and C
recursion coefficients
on Tape 1

CONTINUE




(———{ DO J - MYP3 to 1 )

|
— —{po1 -1 tomxP3 )

A(I,1) = AT(I,J)

625
CONTINUE

Packspace
Tape 1

CALL MATMPY

CALL MATMPY ”

DO I - 1 toMXP3 )

W(IL,J) = A(1,1) + B(I,J) *
WP1(I,1) + C(I,J) * WP2(I,1)

WP2(I,1) = WPL(I,1)
WPL(I,1) - W(I,1)

630

.
m! CONTINUE )

650

CONTINUE

1

95

Compute deflections
starting at MYP3

Retrieve the A
recursion coefficient

Retrieve the B and C
recursion coefficients
to use at this J step

Reposition the tape
for next use

B(I,J) * WPI(I,1)

C(I,J) * WP2(I,1)

Compute deflections
at this J step

Retain the previous two
sets of deflections at
J-1 and J-2 to use for
next J step
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|Set deflections at corner stations

2 to MYP2 )

(- ————p0 J

Compute bending
moments, beginning

|
r

* | and ending at the
o

|

.

I,

|

— ——DO I =2 to MXP2 )

[Compute X bending moments} real slab stations

|Compute Y bending momentsw

720

~— CONTINUE )
L~ 730
-_— CONTINUE )

PRINT problem identification
and Table 6 headings

PRINT selected moment output as
specified in Table 3

PRINT problem identification
and Table 7 headings

889
+ Test to compute
IF (THK) E:lziizal moments
891 sses
SDT2 = 6.0/ (THK * THK)I 0 PRINT 98
892
SDT2 = 1.0 END
Y895
(—————1 DO J = 2 to MYP2 )
‘ Compute and print
| [JSTA =7 - 21 results




O )

MXP2 )

2 to

r‘—IDOI=
[15TA

I - 2]

ngmpute absorbed 10ads}

Compute Reactions

|
I
|
|
I {Compute X and Y twisting moments
)
|
|

| SUMR = SUMR + REACT |

906

Compute principal moments from

use of Mohr's circle,

Test to print largest value of

principal moment and angle from
X to the largest

SIGO = PMMAX * SDT? |

948

PRINT coordinate, deflection, X

and Y bending moments, X twisting
moment, reaction, largest principal
stress or moment, and angle

AN
e

97

Summation of all
reactions

See page 98

Modify for principal
stress if a thickness
was specified

Print results

| 955
- - coNTINUE )

960

[
Aj_EQNTINUE

N

PRINT

‘Return for new problem |

Summation of reactions
for statics check



98

Compute Principal Moment and Direction
906
BMA = 0.5 * (BMX(I) + BMY(I))
TMY = -TMX
BMP = BMX(I) - BMA
BMR = SQRT(BMP * BMP + TMY * TMY)
BMO = BMA + BMR
BMT = BMA - BMR
- IF +
(o T Yo
— x - incipa
| PMMAX = BMT| | PMMAX = BMO| Moment
- IF + - IF +
BME///’ wf BMP
0 0
4 \N
4/ V20 h
|ALF = 57.29578 * ATAN (TMY/BMP)
940
[ALF = 57.29578 * ATAN (TMY/BMP) |
IF -
ALF [THETA = -ALF|
o+
| THETA = -180.0 - ALF |
|THETA = +180.0 - ALF !
930
0 IF +
TMY
THETA = 0.0| [THETA = -90.0|
[THETA = +90.0]
\ \. \. W, J
™

-
945
[BETA = 0.5 * THETA]

Direction




SUBROUTINE MATRIX

Yes
an offspring
problem?

CALL MATMPY
CALL MATMY1

to MXP3 )

to MXP3 )

- D(I,K) - C(I,K)

530

v
- CONTINUE )

535

|

I CONTINUE )
CALL MATSZ l

[CALL INVRS

|CALL MATM2 I

550

Retrieve D and E
multipliers from
tape 2 if prob is
an offspring

Compute multiplier E

Compute multiplier
-1/D using C and D
as temporaries

Compute multiplier D

Compute recursion
coefficient C

99



100

CALL MATMPY

CALL MATAL Compute recursion

coefficient B

CALL MATMPY

CALL MATMPY Compute recursion
CALL MATMY1 coefficient A

{——11)01: 1 to MXP3 )

EE(I,1) = A(I,1) EE used as a
' + EE(I,1) - FF(I) temporary

560

L——@f_@

CALL MATMPY

RETURN




SUBROUTINE MATMYI

This subroutine multiplies a one-wide diagonal
matrix by a square matrix or if L = 1, a one-wide
diagonal matrix by another one-wide diagonal matrix

—— —D0J=1ltoL )
(_.

|
L

z(1,J) = X(1,1) * Y(I,J)

100

CONTINUE )

200

CONT INUE j)

RETURN

101



102

SUBROUTINE MATAl

This subroutine adds a square matrix
to a three-wide diagonally banded matrix,

M1 = 12 - 1

l(———{nox= 1 to 12 )

+ (——{DOJ=1toLﬂ
|

[ Y(I1,J)

Z(1,n)

e

2 to MM1 ]

-*-—-—-\
-
3
=
L]

Y(I,I-1) = Y(I,I-1) + X3(I,1)
Y(I,1) = Y(I,I) + X3(I,2)
Y(I,I+1) = Y(I,I+1) + X3(IL,3)

100

\ —{ conTINUE )

Y(1,1) = Y(1,1) + X3(1,2)
Y(1,2) = Y(1,2) + X3(1,3)
Y(L2,12-1) = Y(L2,L2-1) + X3(L2,1)
Y(L2,12) = Y(L2,L2) + X3(L2,2)

L]

RETURN
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SUBROUTINE MATMPY

This subroutine multiplies a square matrix
by another square matrix or if L= 1, a
square matrix by a column vector,

]

to L2 )

(———-—-——{ DO I

)
|

1

g

to L )

1 z(1,0 = 0.0

(- DOK=1¢tol2 )
[ ‘
|

_

RETURN
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SUBROUTINE MATS2

This subroutine subtracts a five-wide
diagonally banded matrix from a square matrix.

2 =M -2 |
- 4D0T=3toM2)
+ Y(I,1-2) = 2(I,I-2) - X3(I,1)

]

Y(I,1-1) = Z(I1,I-1) - X3(I,2)
Y(I,I) = Z(I,I) - X3(I,3)

Y(I,I41) = Z(I,I+1) - X3(I,4)
Y(I,I+2) = Z(I,I+2) - X3(I,5)

L 100

CONTINUE )

Y(1,1) = 2(1,1) - X3(1,3)
v(1,2) = 2(1,2) - X3(1,4)
Y(1,3) = z(1,3) - X3(1,5)
¥(2,1) = 2(2,1) - X3(2,2)
Y(2,2) = z(2,2) - X3(2,3)
¥(2,3) = 2(2,3) - X3(2,4)
¥(2,4) = 2(2,4) - X3(2,5)

Y(M1-1,M1-3)
Y(M1-1,M1-2)
Y(M1-1,M1-1)

]

Z(Ml-1,M1-3) - X3(M1l-1,1)
Z(Ml-1,M1-2) - X3(ML-1,2)
Z(Ml-1,M1-1) - X3(M1-1,3)

o

Y(ML-1,M1) = Z(ML-1,Ml) - X3(ML-1,4)
Y(ML,M1-2) = Z(M1,M1-2) - X3(Ml,1)
Y(ML,M1-1) = Z(M1,Ml-1) - X3(ML,2)

Y(ML,M1) = Z(M1,M1) - X3(Ml1,3)

RETURN
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SUBROUTINE INVERS

This subroutine inverts a square matrix,

]
ot

E?P .OE-10

(————-—————lnox=1to L2 )

| kK =141
IF 0
(ABS(A(I,I)) - EP)
990
PRINT No inverse
+ exists and the

array which was

150 to be inverted.

s = 1.0/A(1,1I)

END

D0 J=1¢to L2 )

A(I,J) = A(L,J) * 5

160
CONTINUE )

T T TR

A(I,I) = S
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( {D0J - 1t012 )
IN
G- D>
ST+
170
$2 = A(J,1)
* A(J,I) = 0.0

(——DOK=ltoL2 )

+ A(J,K) = A(J,K) - S2 * A(I,K)

175

L_ S ——4 CONTINUE

%
180

L- —{ conr1nuE

185

CONTINUE )

RETURN
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SUBROUTINE MATM2

This subroutine multiplies a square
matrix by a one-wide diagonal matrix,

—

to L2 4)

Bl
|
1

(—-IDOJ=

* Z(1,J

100

T

—

to L2 —)

~—
U}

X(J,1) * Y(1,J)

200
L — —{_C__ONTINUE )

RETURN

SUBROUTINE TIC TOC is a CDC 6600 dependent routine
that prints the elapsed computer time for each problem.
It is suggested that for other computer systems, a similar
routine or call for time be added at the appropriate
locations.
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NOTATION FOR SLAB 30

Al

AA{
ALF
AM1
AM2
AN1
AT
B

BB({

BETA

BMA
BMO
AMP
BMR
BMT
AMX
BMY
BM1
BM2
(o
e
CH{
CHN
M1
cM2
CRD
Dy
DD
DX{
NXN
E¢
EE(
ER
FF{
HX

1)

{
t
{

’

¢
{
{
{

(
(
{

’

’
)
3

*

)

HXDHY
HXDHY3

HY

HYDHX
HYDHX3

1
IN1
IN2

IN13¢(
IN23¢

ISTA

1)

sl
sl
|

)

)
}

ITESTH

Il
J
JJ
JN1
JN2

L

12

}
)
ANZ

)

)

RECURSION COEFFICIENT

COEFF IN STIFFNESS MATRIX

ANGLE ON MOHRS CIRCLE

RECURSION COEFFICIENT Al +1) AT J-1
RECURSION COEFFICIENT A( s1) AT J=2
IDENTIFICATION AND REMARKS (ALPHA - NUM)
TEMP STORAGE FOR A( 1) RECURSION COEFF
RECURSION COEFFICIENT

COEFFS IN STIFFNESS MATRIX

HALF THETA (COUNTER CLOCKWISE 1S +)
AVERAGE OF X AND Y BENDING MOMENTS
FIRST PRINCIPAL BENDING MOMENT

BMX - BMA

RADIUS OF MOHRS CIRCLE

SECOND PRINCIPAL BENDING MOMENT
BENDING MOMENT IN THE X DIRECTION
BENDING MOMENT IN THE Y DIRECTION
RECURSION COEFFICIENT B{ s ) AT J-1
RECURSION COEFFICIENT B( » ) AT J-2
RECURSION COEFFICIENT

COEFFS IN STIFFNESS MATRIX

TWISTING STIFFNESS PER  UNIT WIDTH
INPUT VALUE OF TWISTING STIFFNESS
RECURSION COEFFICIENT C{ » ) AT J=-1
RECURSION COEFFICIENT Ct » ) AT J=2
CROSS BENDING STIFFNESS FOR PR EFFECTS
RECURSION MULTIPLIER

COEFFS IN STIFFNESS MATRIX

BENDING STIFFNESSES PER UNIT WIDTH
INPUT VALUES OF BENDING STIFFNESSES
RECURSION MULTIPLIER

COEFF IN STIFFNESS MATRIX

A TEST TO ELIMINATE REMNANT REACTIONS
COEFF IN LOAD VECTOR

INCREMENT LENGTH IN X DIRECTION

HX DIVIDED BY HY

HX DIVIDED BY HY CUBED

INCREMENT LENGTH IN Y DIRECTION

HY DIVIDED BY HX

HY DIVIDED BY HX CUBED

STATION NUMBER IN X DIRECTION

INITIAL EXTERNAL X COORDINATE

FINAL EXTERNAL X COORDINATE

INITIAL EXTERNAL X COORDINATE IN TABLE 3
FINAL EXTERNAL X COORDINATE IN TABLE 3
EXTERNAL X COORDINATE NUMBER
ALPHANUMERIC BLANKS USED TO TERMINATE
THE PROGRAM

IN1 AND IN2 PLUS 2

STATION NUMBER IN Y DIRECTION

J FOR SUBROUTINE MATRIX

INITIAL EXTERNAL Y COORDINATE

FINAL EXTERNAL Y COORDINATE

12N09
19AP8
17NOS
12NQ9
12N09
28DET
12N0O9
12N0O%
03JA8
17NO%
28DE7
03JA8
28DE7
28DET7
03.JA8
03JUAB
03JA8
12809
12NO9
12N09
03JA8
05.JES8
05JE8
12N09
12N09
30JL8
12N0O9
03JAS8
28DE7
03JA8
12N09
03JA8
28DE7
03JA8B
03JA8
28DE7
28DE7
28DE7
28DE7
28DE7
28DE7
03JA8
28DE7
12N0O9
12N0O9
12NO9
12NO9
12N09
28DE7
28DE7
28DE7
28DE7
28DE7

111



112

C JN13¢( ) INITIAL EXTERNAL Y COORDINATE IN TABLE 3 12NO9
C JN23¢( ) FINAL EXTERNAL Y COORDINATE IN TABLE 3 12N0O9
C JSTA EXTERNAL Y COORDINATE NUMBER 12NO9
C J1 » J2 JN1 AND JUN2 PLUS 2 28DE7
C K DO LOOP INDEX USED INSTEAD OF 1 03UAS8
C KASEX( ) OPTION FOR SELECTED PRINT OF BMX 12N0O9
C KASEY( ) OPTION FOR SELECTED PRINT OF BMY 12N0O9
C KLONG MAXIMUM REAL Y DIMENSION SIZE 01AGS8
C KSHORT MAXIMUM REAL X DIMENSION SIZE 01AGS8
C KML KEEP MULTIPLE LOADING FOR ERROR CHECKS 28DE7
C KPROB( ) PROBLEM NUMBER FROM PARENT 12NO9
C LL DO LOOP INDEX FOR REVERSED J 03JUAS8
C L2 KLONG+3y USED FOR VARIABLE DIMENSIONING 19APS8
C L1 KSHORT+3» USED FOR VARIABLE DIMENSIONING 19APS8
C ML MULTIPLE LOADING SWITCH 03JA8
C MX NUMBER OF INCREMENTS IN X DIRECTION 28DE7
C MXP1 THRU MXP5 MX + 1 THRU MX + 5 01AGS8
C MY : NUMBER OF INCREMENTS IN Y DIRECTION 28DE7
C MYP1 THRU MYP5 MY + 1 THRU MY + 5 01AG8
C N INDEX FOR READING CARDS 03UA8
C NCT2 NUMBER OF CARDS IN TABLE 2 03JA8
C NCT3 NUMBER OF CARDS IN TABLE 3 01AGS8
C NDE NUMBER OF DATA ERRORS 03UA8
C NPROB( ) PROBLEM NUMBER (PROG STOPS IF BLANK) 12NO9
C ODHX ONE DIVIDED BY HX 28DE7
C ODHXHY ONE DIVIDED BY HX TIMES HY 28DE7
C ODHX 2 ONE DIVIDED BY HX SQUARED 03JA8
C ODHY ONE DIVIDED BY HY 28DE7
C ODHY2 ONE DIVIDED BY HY SQUARED 03JUA8
C PDHXHY POISSONS RATIO DIVIDED BY HX TIMES Hy 28DE7
C PMMAX LARGEST PRINCIPAL MOMENT 03JA8
C PR POISSONS RATIO 28DE7
C PX{ » ) » PY({( AXIAL TENSIONS IN X AND Y DIRECTIONS 01AG8
C PXN 4, PYN INPUT VALUES OF X AND Y AXIAL TENSIONS 01AGS8
C QU » ) TRANSVERSE LOAD PER JOINT 01AGS8
c QBMX » QBMY LOAD ABSORBED IN BRENDING 01AGS8
C QN INPUT VALUE OF TRANSVERSE LOAD 03JUAS8
C QPX » QPY LAOD ABSORBED DUE TO AXIAL TENSIONS 01AGS8
C QTMX » QTMY LOAD ABSORBED IN TWISTING 01AG8
C REACT SUPPORT REACTION PER JOINT 01AGS8
C S( » ) SPRING SUPPORT, VALUE PER JOINT 01AGS8
C sDT2 MOMENT MULTIPLIER FOR PLATE STRESS 03JA8
C SIGO LARGEST PRINCIPAL MOMENT OR STRESS 03UA8
C SN INPUT VALUE OF SUPPORT SPRINGS 28DE7
C SUMR SUMMATION OF REACTIONS FOR STATICS CHECK 03JUAS8
C THETA MOHRS CIRCLE ANGLE BETWEEN X AND 17NO9
C PRINCIPAL MOMENT 17NOS
C THK THICKNFESS OF SLAB FOR STRESS CALCULATIONS 03JUA8
C TMX TWISTING MOMENT IN X DIRECTION (ABOUT Y) 12NO9
C TMY TWISTING MOMENT IN Y DIRECTION (ABOUT X) 12NO9
C W({ » ) DEFLECTION AT EACH JOINT 01AGS8
C WP1( 1) DEFLECTION W( » ) AT J+1 01AGS8
C WP2( »1) DEFLECTION W( » ) AT J+2 01AG8
C WSUM1, WSUM2 MULTIPLIERS FOR BMX AND BMY 03JA8
C WSUM3 MULTIPLIER FOR TMX AND TMY 03JA8
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PROGRAM SLAB30 ( INPUT, OUTPUTs TAPEl. TAPE2

)

C
(~=-~-FOR DIFFERENT SIZED PROBLEMS ONLY THE DIMENSION CARDS OF THIS

2N EaNaEaNaRatalaNaRaNaNaNaNaYalalaNaYaNalal

DRIVER NEED BE CHANGED,

FOR EXAMPLE,
CC{S5+34+5) s BS+3,5+3) 4 BMX{S+3,0L+43)

AA{S+3. 1)

s BB{S+34+3) o
WHERE S AND L REFER

TO THE SHORT AND LONG LENGTHS OF THE REAL PROBLEM.
ALSO CHANGE KSHORT AND KLONG TO EQUAL THE REAL X AND Y STATIONS.

————— THIS PROGRAM 1S NOW DIMENSIONED TO SOLVE A 20 BY

----- THIS PROGRAM WILL OPERATE ON EITHER CDC6600 OR IBM360/50 SYSTEMS.
THOSE CARDS NEEDED TO OPERATE ON THE [BM360/50 ARE INCLUDED AS
FOLLOWING COMPANION CARDS TO THE CDC CARDS AND HAVE A C IN COLUMN

40 GRIDe

ONE AND THE sSYMBOLS IBM IN COLUMNS 78 THRU 80« OTHER ADDITIONAL

CARDS SUCH AS THE SELECTIVE DOUBLE PRECISION STATEMENTS ARE ALSO

TAGGED WITH IBM AND NULLED WITH A Ce
IBM360/50 SYSTEM, THE COMPANION CDC6600 CARDS SHOULD BE RETAINED

AND NULLED WITH AN ADDED Ce.
DOUBLE PRECISION AA BB,
1 As AM1 s
2 Cos CM1
3 ALFs BETAs
4 CRD»
5 HXDHY3 s HY »
6 PDHXHY o Pls
7 QBMY s REACTS
8 THK » TMA »
9 QPX s
DIMENSION
1 FF{ 23 + 1 )
2 AMZU 23 s 1 )
3 BB{ 23 s 3 )
4 CC U 23 4 5 s
% Bl 23 » 23 )
6 CL 23 4 23 Yo
7 Dt 23 4+ 23 )
8 BMX{ 23 4 43 )
9 St 23 s 43 )»
A DXt 23 +» 43 )
B PY{ 23 o« 43 )
KSHORT = 20
KLONG = 40
L1 = KSHORT + 3
L2 = KLONG + 3
CALL sB3os { AA, BB
1 AM2 » B
2 WP1s WP2s
3 Ss PXs

END

WHEN CONVERTING TO THE

EE»
BM1 s
Es
BMP »
ERs

FFa W
BM2, WP1ls
AT WP2s
BMR BMT
HXs HXDHY s

ODHX s ODHXHY s ODHX2 s

TMY ¢ WSUM1

CCs DD,
AM2, B
M2+ Dy
BMA BMO

HYDHX s HYDHX3

PMMAX PR,

SDT2s  SIGOs

TMX »

QPYs QTMX,s Q
AAL 23 5 1 Y
Al 23 51 >
WPI( 23 5 1 )
DDC 23 5 3 >
BM1( 23 o 23 1)
CM1( 23 , 23 1}
EC 23 4, 23 )
BMY( 23 s 43 )
CHU 23 s 43 )y
DY( 23 , 43 )y
Wl 23 9 43 )y
CCs DDs EEs
BMls BM2Z, Co
BMXs BMYs (Hy
PYs Ws L1

TMY

FF »
CM1s

L2

QBMX s
SUMR,s THETA,
WSUM2s WSUM3,

EEL 23 s 1

AM1I( 23 » 1
WP21( 23 s 1

BM2{ 23 » 23
CM2( 23 5 23
QU 23 » 43

Px{ 23 » 43
AT( 23 4+ 43

)
Vs
Yo

Es

Ay AT, AM1,
CM2 Do
DXs DY

Qs

115

RE~DIMEN

26SE91BM
265E918BM
265E91BM
26SE91BM
265E91BM
26SE9IBM
26SE9IBM
26SE9IBM
26SE91BM
26SE91BM
RE~DIMEN
RE-DIMEN
RE-DIMEN
RE~DIMEN
RE-DIMEN
RE-DIMEN
RE~-DIMEN
RE-DIMEN
RE-DIMEN
RE-DIMEN
RE-DIMEN
RE-DIMEN
RE-DIMEN
RE-DIMEN
05JA8

05UA8

22009

05JASB

27MY8

19AP8

05JA8
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aTeXa¥aNakaNeXeXala e

1
2
3

1 FORMAT
1 [

DOUBLE PR

D IO U N

NDIMENSION

WP O -dO Wi e

DIMENSION
I

KA

IT

Ry

6 FORMAT {
10 FORMAT (
11 FORMAT (
12 FORMAT
13 FORMAT
14 FORMAT |
15 FORMAT (/
16 FORMAT (/
19 FORMAT (/

1
20 FORMAT
21 FORMAT (
22 FORMAT

8X s
8X»
8X s
BX»

SUBROUTINE SB30S ( AAs BBs (Cs DDs EFs FFy As ATs AM1,
AM2 Bs BMls BM2» Cs CM1y CM2» Ds Eos
WP1, WP2s BMXs BMY, CHo DXs DYs Qs
Ss PXs» PY, We L1s L2 3
52H PROGRAM SLAB 30 FINAL REPORT DECK -~ PANAK
2BH REVISION DATE 20 NOV 69
ECISION AA» BB CCo DD EE» FFs W
As AM1 s AM2, Bs BMlo BM2, WP1s
Co CM1s CM2, Ds Es AT WPZ,
ALFs BETAS BMA s BMOs BMP, BMR s BMT
CRD» ERs HXs HXDHY s
HXDHY 3 o HY s HYDHXsHYDHX3y ODHX sODHXHYs ODHXZ»
PDHXHY » Pls PMMAX PR QBMX s
QBMYs REACT, SDT2s SIGOs SUMRs THETAS
THK » TMA » TMX s TMY s WSUM1 s WSUMZ2, WSUM3s
QPX s QPYs QTMX, QTMY
AAL LY o 1 ) EEC L1 ¢ 1 o
FFO L1 o 1 o AL L1 » 1 o AM1( L1 1 s
AM2¢ L1 o 1 ) WP1I( L1 o 1 ) WP2( L1 1 o
BBt L1 s 3 1 DDC L1 s 3 o
CC 1 L1 ¢ 5
B{ L1 ,L1 1) BM1( L1 +L1 ) BM2( L1 sL1 Ve
CU L1 L1 ) CM1{ L1 L1 | CM20 L1 » L1 )
DO L1 & L1 3 FO L1 s L1 Yo
BMX{ L1 » L2 ) BMY({ L1 » L2 ) QC L1 » L2 )
S LI ¢ L2 3s CHE{ L1 s L2 )
DXU L1 o L2 )y DY( L1 4 L2 ) PXU L1 o L2 Vo
PYU L1 o L2 Vo Wi L1 » L2 ) ATL L1 » L2 )
IN13¢{ 10 [ JN13( 10 Y
N23( 10 Ve JN23( 10 Y KASEX{ 10 Vs
SEYU 10 T NPROB{ 2 e KPROB({ 2 Yo
ESTt 2 L AN1( 40 Vs AN2{ 18 LY
CRDC 5 )
)
5H s 80Xy 10H]=wmw== TRIM
5H1 s BOXs 10HI-—=~- TRIM )
20A4 )
5Xs 2044 )
Als A4y S5X» 17A4s A2 )
//10H PROB s /5Xs Als ALy SXs 17A4+ A2 )
/7/717TH PROB (CONTDYs /5Xs Als A4y 5Xs 17A4, A2 )
//751H RETURN THIS PAGE AND THE FOLLOWING PAGE TO THE
30H TIME RECORD FILE -- HM )
I5s 15Xy 415 )}
212Xs13yy 4E10.3 )
//30H TABLE 2. CONSTANTS /
742H NUM INCREMENTS IN X DIRECTION +35Xs134/
42H NUM INCREMENTS IN Y DIRECTION +35Xs 13,4/
30H INCR LENGTH IN X DIRECTION $32X9E10439/
30H INCR LENGTH IN X DIRECTION 232Xs1PE10e3 s/
30H INCR LENGTH IN Y DIRECTION »32XsE1043s/
30H INCR LENGTH IN Y DIRECTION 232X+ 1PE10e3s/
30H POISSONS RATIO s 40Xy E10e3> /

WP W W N e

220C9
05JA8
07MY8
19AP8

220C9
YREVISED

26SEQIBM
26SE91BM
26SE91IBM
26SE91BM
26SE9IBM
26SE91BM
26SE918M
26SESIBM
265E91BM
26SE9IBM
05JA8
05.JA8
05JA8
05JA8
05UA8
19AP8
19APS
19AP8
19APS8
07TMY8
19AP8
310C9
03NO9
03NO09
03N09
03NO9
03NO9
04MY3
03FE4
Q3FE4
170C9
170C9
170C9
170C9
170¢9
05JA8
05UA8
245E9
080C9
20N09
07TNG9
07NO9
0TNO9CDC
07NO918M
0TNO9CDC
07NO% IBM
04NO9CDC
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5 30H POISSONS RATIO s 40Xs 1PE10e3, / O04NO9IBM
6 48H SLAB THICKNESS (IF BLANK OR ZEROs MAX 140C9
7 22HPRINCIPAL MOMENT IS s E10e3y 05N09CDC
7 22HPRINCIPAL MOMENT 1S s 1PE10+3y 05N0918M
8 / 15Xs 4BHCOMPUTED -- IF SPECIFIEDs MAX PRINCIPAL STRESS) )140C9
23 FORMAT (  4( 2Xs I3 ) 6E10e3 ) 210L7
24 FORMAT ( 4( 2Xs I3 )s 40Xs 2E10e3 ) 14NO7
26 FORMAT ( 4(2Xs13)920X9E10e3 ) 230C7
30 FORMAT ( //30H TABLE 1. CONTROL DATA ’ / O5N09
1 //50H MULTIPLE LOAD OPTION (IF BLANK OR ZERO» 140C9
2 25HPROB IS INDEPENDENT -~ s 15, 140C9
3 / 15Xs51HIF +1, PARENT FOR NEXT PROB -- IF —1s AN OFFSPRING 23SE9
4 SHPROB) s //s 23SE9
5 64Xy 17H TABLE NUMBER s / 06NO9
6 60X 25H 2 3 4 5 s // 17NO9
7 40H NUM CARDS INPUT THIS PROBLEM 20Xs4I5s/ ) OTNO9
33 FORMAT ( //40H TABLE 4« STIFFNESS AND LOAD DATA s/ 04NO9
1 / S50H FROM THRU DX DY Q 17NO9
2 45H S C s/) O4NO9
34 FORMAT ( //50H TABLE 4. LOAD DATA —-- REPLACES LOAD IN PREVI 020C9
1 12HOUS PROBLEM , Als A4, 170C9
2 / 10Xs 40H ALL STIFFNESS TERMS ARE RETAINED s / 15DE7
3 / 50H FROM THRU Q /)17NO9
37 FORMAT ( //35H TABLE 5. AXIAL THRUST DATA s/ 04NO9
1 / 50H FROM THRU 17NO9
2 45H PX PY s/) O04NO9
38 FORMAT ( // 15H NONE ) 27NO7
39 FORMAT ( //25H TABLE 7. RESULTS ) 020C9
40 FORMAT ( /7 50H Xs 12DE7
1 35H LARGEST BETA 12DE7
2 / 50H X Y TwISs 12DE7
3 35HTING SUPPORT PRINCIPAL X TO 12DE7
4 / 50H X o Y DEFL MOMENT MOMENT MOMs 15DE7
5 35HENT REACTION STRESS LARGEST ) 12DE7
41 FORMAT ( /7 SOH Xs 12DE7
1 35H LARGEST BETA 12DE7
2 / 50H X Y TWISs 12DE7
3 35HTING SUPPORT PRINCIPAL X TO 12DE7
4 / 50H X s Y DEFL MOMENT MOMENT MOM, 1SDE7
5 35HENT REACTION MOMENT LARGEST ) 12DE7
42 FORMAT ( //45H TABLE 7. RESULTS--USING STIFFNESS DATA » 020C9
1 22HFROM PREVIOUS PROBLEM , Al, A4 ) 170C9
43 FORMAT ( 5Xs 2( 1XsI291Xs I3 }s 6Elle3) 01SE7CDC
43 FORMAT ( 5Xs 201 1XsI2s1Xs I3 }o» 1P6F11e3 ) 170C918M
44 FORMAT ( 5X. 2t 1Xy I3 I3 )y 44Xy 2E1lle3 ) 14NO7CDC
44 FORMAT ( 5Xs 21 1Xy 134 I3 )y 44Xy 1P2E11le3 )} 170C918M
45 FORMATI( 48H X MOMENT ACTS IN THE X DIRECTION 04NO9
1 15H(ABOUT Y AXIS) ) 04NOS
46 FORMAT (5Xs 2(1X9I1291X513)922XsE11e3) 230C7CDC
46 FORMAT (5Xs 2(1Xs1291X913)922Xs1PE11e3 } 170C918M
47 FORMAT ( 5Xs 129 1Xs 139 6E1le3y F6el ) 12DETCDC
47 FORMAT ( 5Xs 12y 1Xs I3s 1P6E1le3> OPF6el ) 170C91BM
48 FORMAT 52H X MOMENT AND X TWISTING MOMENT ACT INO4NO9

1
2

32H THE X DIRECTION

50H

(ABOUT Y AXIS)»
Y TWISTING MOMENT

2/

04NO9S

~X TWISTING MOM O04NO9
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3 35HENTy COUNTERCLOCKWISE BETA ANGLES 4/
4 50H ARE POSITIVE FROM X AXIS TO THE DIR
5 35HECTION OF LARGEST PRINCIPAL MOMENT )
50 FORMAT (///50H STATICS CHECK. SUMMATION OF REACTION,
1 6HS = s E10.3 )
C 1 6HS = s 1PE10+3 )
55 FORMAT ( //44H TABLE 3, SPECIFIED AREAS FOR SELECTED
1 15HMOMENT OUTPUT s/ /
2 45H PRINT (1=YES) s/
3 45H FROM THRU X MOMENTS Y MOMENTS s /
56 FORMAT ( &4{ 2Xs I3 )s 4Xs 119 4Xs 11 )
57 FORMAT ( 5Xs 2( 1Xs 129 1Xs I3 )y 66X 11Xs 12 )
63 FORMAT ( //40H TABLE 64 SELECTED MOMENT OUTPUT )
64 FORMAT ( //47TH TABLE 6. SELECTED MOMENT OUTPUT —-= USING
1 34HSTIFFNESS DATA FROM PREVIOUS PROB sAls A4 )
65 FORMAT (///9+15Xs26HX MOMENTS ONLYs BETWEEN ( s1391Hs 913,
1 8H ) AND ( +13, 1Hss1342H s / /s
2 10X, 30H X 9 Y X MOMENT o+ / )
56 FORMAT ( 15Xs 129 1Xs I3 10Xs E10e3 )
C 66 FORMAT ( 15Xy 12y 1Xs I3y 10Xs 1PE10.3
67 FORMAT (///415Xs26HY MOMENTS ONLYs BETWEEN ( s I3 91Hy 913,
1 8H ) AND ( 413, 1Hss13,2H s //»
2 10X 30H X 9o Y Y MOMENT +/ )
68 FORMAT ( 15Xs 129 1Xs I3y 10Xs F10e3 )
C 68 FORMAT ( 15Xy I2s 1Xs I3 10Xs 1PE10.3
69 FORMAT (///915X932HBOTH X AND Y MOMENTSs BETWEEN ( s 13,
1 1Hs 9139 BH ) AND ( +13s 1HssI13s 2H ) s//»
2 10X 45H X 9o Y X MOMENT Y MOMENT s/ )
T4 FORMAT ( 15Xs 12y 1Xs I3y 10Xs E10e3, E10e3 )
C 74 FORMAT ( 185Xs 124 1Xs I3, 10Xs 1PF10e3s 3Xs 1PE10e3 )
91 FORMAT (///30H *#%% PROBLEM TERMINATED s 14 ’
1 20H DATA ERRORS **x# )
92 FORMAT ( //51H ®*%% CAUTION, MULTIPLE LOADING OPTION MISUSED
1 35H FOR THIS OR PRIOR PROBLEM *%*xx )
33 FORMAT (///38H *¥%% PROBLEM WILL BE TERMINATED,

1 4OHTHE DIMENSION STORAGE 1S TOO SMALL *%*%x% )
*%¥% UNDESIGNATED ERROR STOP *¥x% )

98 FORMAT (///40H

C——-——- PROGRAM AND PROBLEM

ITEST(1)
ITEST(2)
KML = O
READ 12, ( AN1(N
CALL TIC TOC (1)
READ 14, NPROB,
IF ( NPROB(1)
IF ( NPROB(2)
PRINT 11
PRINT 1
PRINT 13, (
PRINT 15, NPROB»
REWIND 1
REWIND 2

1010

1015
1020
1021

)

(

—_

t

ANT(N)»

IDENTIFICATION

1H

4H

N =1, 40 )
AN2(N)s N = 1, 18
ITEST(1) ) 1020
ITEST(2) ) 1020»
N =1y 40 )
AN2(N)s N = 1, 18

1015,
9990,

)

1020
1020

04NO9
04NO9
04NO9
12DE7
25JA8CDC
170C91BM
04NO9
05N09
04NO9

) 17NO9

020C9
140C9
20NO9
20NO9
170C9
05N09
23SE9
04NO9
23SE9CDC
170C91BM
05N0O9
23SE9
04NO9
23SE9CDC
170C91BM
05NO9
23SE9
04NO9
300C9CDC
300C918BM
18DE7
18DE7
18DE7
18DE7
290C9
290C9
18DE7

170C9
170C9
15DE7
170C9
26SE6
170C9
020C9
020C9
26AG3
19MR5
170C9
170C9
200C7
200C7
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C

C

Cmmme—

C
61
62
70
71
72
73
75
76
77
78
79
80
81
82
83
84
85

C

C —————

C

INPUT TABLE 1

READ 20y MLs N

CT29 NCT39 NCT4s NCT5

PRINT 30, MLy NCT2s NCT3, NCT4s NCTS

IF ( ML ) 6

INPUT TABLE 2

READ 21y MXs M
PRINT 224 MXy M

29 61y 61

Ye HX9s HYs PRs THK
Ye HX9 HYys PRy THK

NDE = O
IF ( KML ) 759 70y 72
IF ( ML ) 71y 75, 75
NDE = NDE + 1
GO 70 75
IF ( ML ) 754 73y 73
PRINT 92
KML = ML
IF ( L1=3=MX ) 769 779 77
PRINT 93
NDE = NDE + 1
IF ( L2-3~-MY ) 78y 79, 79
PRINT 93
NDE = NDE + 1
IF ( MX - My ) 81y 81, 80
NDE = NDE + 1
IF ( HX # HY )} 82y 82y 83
NDE = NDE + 1
IF { PR + THK ) 84, 85, 85
NDE = NDE + 1
CONTINUE
COMPUTE FOR CONVENIENCE
IF ( ML } 136, 100y 100
MxPl = MX + 1
MYP1 = MY + 1
MXP2 = MX + 2
MYP2 = MY + 2
MXP3 = MX + 3
MYP3 = MY + 3
MXP4 = MX + &4
MYP4 = MY + &
MXP5 = MX + 5
MYP5 = MY + 5
ODHX = 140 / HX
ODHY = 10 / HY
ODHXHY = ODHX #* ODHY
PDHXHY = PR * ODHXHY
ODHY2 = ODHY # ODRY
ODHX2 = ODHX * ODHX
HXDHY = HX * ODHY
HYDHX = HY * QODHX
HYDHX 3 HYDHX #* ODHX2

HXDHY 3

= HXDHY #* ODHY2

24SE9
245SE9
070C9

080C9
080C9
18DE7
15DE7
15DE7
18DE7
15DE7
15DE7
15DE7
15DE7
290C9
290C9
290C9
290C9
290C9
290C9
290C9
18DE7
29NO7
18DE7
29NO7
18DE7
29NO7

29NO7
29NO7
29NO7
0BDE7
29NO7
08DE7
O8DE7
08DE7
08DE7
08DE7
O8DE7
14SE6
14SE6
14NO7
14NO7
14NO7
14NO7
14NO7
14NO7
14NO7
14NO7

119



120

103
105

130
135
136

150

1513
154
155
156
157
158
159
160
161
162
163
164
165
166
170

KPROB(1) = NPROB(1)
KPROB(2) = NPROR(2)
DO 105 J = 1y MYP3
DO 103 I = 1, MXxP3
DX{IsJd) = 0.0
DY(1sJ) = 0.0
QiIsJ) = 0e0
StIsd) = 060
CHt(IsJ) = 00
PX{Isd} = 040
PY(1sJd) = Qa0
BMX{1sJ} = 00
BMY{IsJ) = 00
CONTINUE
CONTINUE
DO 135 K = 1, MXP3
DO 130 1 = 1, MXP3
B(IsK) = 040
BM1(14K) = Cau0
ClIsK) = 04,0
CM1{1sK) = CuO
CONTINUE
CONTINUE
DO 138 K = 1y MXP3
A(Ksl) = 040
AM1(Ks1l) = Qa0
W(KyMYP3) = 0,0
WP1(Ksl) = 040
WP2(Ks1l) = 0e0
CONTINUE
INPUT TABLE 3
PRINT 55
IF { NCT3 ) 9980+ 180, 150
NO 170 N = 1s NCT3
READ 565 INI3(N}s JNI3(N)y INZ23(N}s JN23(N})s
PRINT 57+ INI3(N)s JUNI3(N}y INZ23(N)s JN23(N}s
IF  INI3(N}Y = IN23(N) } 184, 154, 153
NDE = NDE + 1
IF € JN13(N)Y — JNZ3(N) ) 1569 15%&s 155
NDE = NDE + 1
IF ( IN23(N} = MX )} 158s 158s 157
NDE = NDE + 1
IF  JUN23(N} - MY ) 160s 160s 159
NDE = NDE + 1
IF ( KASEX({N)Y — 1 ) 162+ 162+ 161
NDE = NDE + 1
IF { KASEY(NY = 1 } 164 l64s 163
NDE = NDE + 1
IF ( KASEX{(N) + KASEY(N) ) 165y 165y 166
NDE = NRE + 1
CONTINUE
CONTINUE

GO TO 181

KASEX{NYs KASEY(N)
KASEX{N)s KASEY(N)

170C9
170C9
29N07
29N07
01NO6
O01NO6
01NO6
01NO6
07MY8
23JE7
23JE7
25N0O7
29N07
29NO7
23JE7
29N07
29NO7
29NO7
21DE7
29N07
21DEY
16AG7
16AG7
29N07
21pET
29N0O7
28DE7
29N07
2BDEY
29N07

245E9
24SE9
24SE9
020C9
020C9
020C9
24SE9
24SE9
245E9
245E9
245E9
24SE9
245E9
090C9
090C9
090C9
090C9
090C9
090C9
090C9
24SE9
245E9



180 PRINT 38
181 CONTINUE

----- INPUT TABLE 4

IF ¢ NCT4 ) 9980»s 362» 190

190 IF ¢ ML ) 200s 320, 320
200 PRINT 34, KPROB

DO 220 J = 1y MYP3

DO 210 I = 1, MXP3

W(lsJ) = 060
QtIsJ) = 0.0
210 CONTINUE
220 CONTINUE
DO 260 N = 1y NCT4
READ 26 » IN1, JUN1, IN2, UN2, QN
PRINT 4645 INls JUN1,s IN2, UN2, QN

I1 = INl1 + 2
Jl1 = JN1 + 2
12 = IN2 + 2
J2 = UN2 + 2
IF ¢ IN1 = IN2 ) 232, 232, 231
231 NDE = NDE + 1
232 IF  UN1 = JUN2 ) 234, 234, 233
233 NDE = NDE + 1
234 IF ( IN2 = MX ) 236y 236y 235
235 NDE = NDE + 1
236 IF ( UN2 - MYy ) 238, 238, 237
237 NDE = NDE + 1
238 DO 255 I = I1s 12
PO 250 J = Jls J2
Q(IsJd) = QUIsJ) + QN
250 CONTINUE
255 CONTINUE
260 CONTINUE
GO TO 386

320 PRINT 33
DO 360 N =1y NCT4
READ 23, IN1ls JN1s IN2s UN2y DXNs DYNsy QNs SNs CHN
PRINT 43, 1INls JN1s IN2, UN2s DXNs DYNs QNs SNy CHN

IF ( CHN } 331, 335, 331
331 IF ( IN1 * IN2 * UN1 * JUN2 ) 9980, 333, 335
333 NDE = NDE + 1
335 Il = 1INl + 2
JI = JUN1 + 2
I2 = IN2 + 2
J2 = UN2 + 2
IF ¢ IN1 - IN2 ) 342y 342y 341
341 NDE = NDE + 1
342 IF ( JUN1 = JN2 ) 344, 344, 343
343 NDE = NDE + 1
344 IF ( IN2 - MX ) 346, 346 345
345 NDE = NDE + 1
346 IF ( UN2 - MY ) 348, 348, 347
347 NDE = NDE + 1

24SE9
24SE9

24SE9
15D0E7
15DE7
15DE7
29N07
240C7
240C7
240C7
240C7
24SE9
200C7
200C7
29N07
29NO7
29N0O7
29NO7
29NO7
18DE7
29N07
18DE7
29N0O7
18DE7
29NO7
18DE7
29NO7
200C7
200C7
200C7
200C7
200C7
19DE7
15DE7
24SE9
07MY8
07MY8
o7MY8
18DE7
18DE7
15DE7
29N0O7
29NO7
29N0O7
29NO7
18DE7
29NO7
18DE7
29N07
18DE7
29NO7
18DE7

121
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348 PO 355 1 = 11y 12 29N07
DO 350 J = Jly J2 O1DE7
DX(IsJ) = DX{IsJ) + DXN 4SE64
DY(IsJ) = DY(IsJ) + DYN 4SE64
Q(lyed) = Q(IsJ) + QN 13AP3
StIsJd) = S(IlsJ) + &N 13AP3
CH({I4J) = CH(I,J) + CHN 07MY8
350 CONTINUE 13AP3
355 CONTINUE 22JE7
360 CONTINUE 13AP3
362 CONTINUE 18DE7
¢
Cm===- INPUT TABLE 5
C
PRINT 37 22APS
IF ( NCTS 1} 9980y 385, 364 24SE9
364 DO 382 N = 1y NCTS 245E9
READ 24, IN1ls JUN1ls IN2s UN2,s PXNs PYN 11DE7
PRINT 44, IN1ls JN1s IN2y JUNZ2y PXN, PYN 11DE7
IF ( PXN ) 365y 367y 365 18DE7
365 IF ( IN1 * IN2 ) 9980y 366y 367 18DE7
366 NDE = NDE + 1 18DE7
367 IF ¢ PYN ) 368y 370y 368 18DE7
268 IF ( JUN1 * UN2 ) 9980y 369y 370 18DE7
369 NDE = NDPE + 1 18DE7
370 I1 = IN1 + 2 18DE7
J1 = UN1 + 2 29N0O7
[2 = IN2 + 2 29N0O7
J2 = . UN2 + 2 29NO7
IF ( IN1 - IN2 ) 372, 372, 371 29N0O7
371 NDE = NDE + 1 18DE7
372 IF ¢ JUN1 - JUNZ2 ) 374, 374, 373 29NO7
373 NDE = NDE + 1 18DE7
374 IF ( IN2 = MX ) 376y 3765 375 29N0O7
375 NDE = NPE + 1 18DE7
376 IF ( UN2 - MY ) 378, 378, 377 29N0O7
377 NDE = NNE + 1 18DE7
378 PO 380 I = Il I2 12DE7
PO 379 J = Jl, J2 12DE7
PX{1sJ) = PX{(1sJ) + PXN 20AP5
PY(IsJ) = PY(IsJ) + PYN 20AP5
379 CONTINUE 29N0O7
380 CONTINUE 120E7
382 CONTINUE 120E7
GO TO 386 190E7
385 PRINT 38 150E7
386 IF ( NDE ) 9980s 401, 387 19DE7
387 PRINT 91, NDF 190€E7
GO TO 9990 29N0O7
C
C—=—=- FORM SUB-MATRICES
C
C—~—-- A SPRING 1S PLACED AT PTS BEYOND BOUNDARIES OF THE REAL SLAB
C TO MAKE SOLUTION OF NON-RECTANGULAR SLABS OR SLABS WITH

C HOLES POSSIBLE. THIS IS DONE BY TESTING ON THE CC(I+3)



aNaNaNaNa

401

412
413

414
415

—

416
417
418

419

TERMSs AND IF 2ERO,

Q(lsJ)
LOADS ARE DISCARDED

DO 600 J = 1

IF (J-1) 9980,

GO TO 404

SET EQUAL TO 1.0

MYP3
DO 404 [ = 1, MXP3
FF(Is1) = Q(I )

402,
AA(I41) = 060

403

AA(Ts1) = DY(IsJ=-1) * HXDHY3

CONTINUE

IF ( ML ) 501,

405,

405

DO 500 I = 1, MXP3

IF (U-1)
IF (MYP3=J)

9980, 410,

407

9980 438, 420

COEFFICIENTS COMPUTED AT J =1

IF (I-1) 9980, 411, 412
BB(1,42) = 0.0
BB(I+3) = 0e0
CC(1s3) = 1.0
CCtIe4) = 0.0
CC(145) = 0.0
DD(I+2) = 0e0
DD(I43) = 0.0
EE(Is1) = 060
GO TO 500
IF (MXP3=]) 9980y 419 413
CRD(S5) = AMIN1 ( DX(1 sJ+1) » DY(I
BB(Is1) = 0.0
BB(Is2) = 0.0
BB(I1+3) = Qa0
CC(Is2) = 0.0
CCtI+3) = HXDHY3 %* DY (I,U+1)
+ ODHY * PY(Il,J+1)
IF ( CCtI+3) ) 415, 4144 415
CC(I+3) = 1.0
CC(ls4) = 060
DD(Is1) = PDHXHY * CRD(5)
DD(1+2) = =240 * ( HXDHY3 * DY(lsJ+1)
+ PDHXHY * CRD(5) )
- ODHY * PY(I,4J+1)
DD(1s3) = PDHXHY * CRD(5)
EE(Is1) = HXDHY3 * DY(I,U+1)
IF (I-2) 9980, 417y 416
CC(Isly . = 0.0
IF (MXP2-1) 9980y 500 418
CC(1,+5) = 0.0
GO TO 500
BB(I,1) = 00
BB(Is2) = 0.0
CC(Isl) = 0.0
CC(1s2) = 0.0
CC(I+3) = 1e0

s J+1)

Is THE INPUT LOAD FOR THIS PROBLEM, OTHER PRIOR PROBLEM

)

29NO07
08DE7
300C9
08DE7
03JUA8
O8DE7
03JA8
08DE7
08DE7
08DE7
13DE7
O05NO9

08DE7
08DE7
08DE7
170C9
08DE7
08DE7
08DE7
08DE7
03JUAS8
08DE7
13DE7
29JL8
290L8
08DE7
08DE7
O8DE7
08DE7
11DE7
14DE7
170C9
13DE7
29JL8
08DE7
29JL8
O8DE7
29JL8
03JA8
13DE7
13DE7
13DE7
13DE7
08DE7Y
13DE7
08DE7
08DE7
08DE7
170C9

123
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422
423

424
425

— WA

LN =~

NN N

426
427

BB B e

DD(1,41) = Qa0 08DE7
DD(1s2) = 0e0 08DE7
EE(TI»1) = 0.0 03JAS8

GO TO 500 08DE7

COEFFICIENTS COMPUTED FROM J = 2 TO MYP2

IF (1-1) 9980, 421, 424 05NO9
CRD(3) = AMIN1 ( DX(I+1sJ ) s DY(I+1sJ ) 29JLL8
BB(1,2) = 040 29418
BB(143}) = PDHXHY * CRDI(3) 29J1.8
CC{ls3) = HYDHX3 * DX(1+1,J) 08DE7

+ ODHX * PX(I+1,J0) 0BDET

1F CC{Is3) ) 441y 422 423 05N0O9
CCtIe3) = 140 05NO9
CCtIsay = =240 * (HYDHX3 * DX(I+1,4) 05N09

+ PDHXHY * CRDI(3) ) 29JL8

-~ ODHX * PX(I+1+J) 08DE7

CC{Is5) = HYDHX3 * DX{I+1,J} 11DE7
DDt{TIs+2) = Qa0 08DE7
DD(1+3) = PDHXHY * CPD(3) 29JL8
EE(I»1) = 0«0 03JA8

GO TO 500 08DE7
IF (MXP3=1) 9980, 431, 425 05N0O9
CRD{1) = AMINY ( DX{I-1sJ )} s DY{I=1ysJ 3} ) 05NO9
CRD(2) = AMINY ( DX{(1 sJ )} » DY(I sJd ¥ 29JL8
CRD({3) = AMINI ( DX(I+1sJ } s DY(I4+1sd ) 1} 29JL8
CRD{4) = AMINY { DX(I sJ-1) » DY(I #J=1} ) 29JL8
CRD(S) = AMINY ( DX{T sJ+1) » DY(I sJ+1) ) 29JL8
BB(I,1) = PDHXHY * ( CRD(1} + CRD(4) ) + 30JL8
ODHXHY * ({ CH(I,J) + CH{IsJ) ) 07MY8

BB(I+2) = —240 * { PDHXHY #* ( (RD(2) + CRD(4) 29JLs8

+ HXDHY3 * ( DY(IsJ=1) 4+ DY(IsJ} )} 145F6

+ ODHXHMY * ( = CH{Il,J) = CHIUI41sd) 07MYS8

- CHI{IsJ} — CH{I+1sJ) } ~ ODHY * PY(IsJ) O7MYS8

BB(I,3) = PDHXHY * ( CRD(3) + CRDI(4) ) 29JL8

+ ODHXHY * ( CH{I+1sJ) 4+ CH{I+1sJ) ) 0TMYB

CCtlIs2) = =240 * ( HYDHX3 * ( DX(I=-1sJ) + DXtIsJ) )} 29NO7

+ PDHXHY * ( CRD(1) + CRD(2) )} 29JL8

+ ODHXHY * ( ~ CH{I,J)} = CH{I,J+1) 07MYS8

= CHiTsJ) — CHIUlsJ+1) } = ODHX * PX(lsJ) Q7MY8

CCtIs3) = HYDHX3 * ( DX({I=~13J) + 440 % DX{IJ} 29NO7

+ DX(I4+19J) ) + HXDHY3 * { DY(IsJd=1) + 44014SE6

* DY(TsJ) + DY(IsJ+1) } + PDHXHY * 4,0 145F6

* ( CRD(2) + CRDt21 ) + ODHXHY 29J18

* (CH(TsJ) + CH{TaJ+1) + CH{I+1sJ) OS9MYB

+ CH{TI+19J+1) + CH(TsJ) + CH(I+1sJ) 07MY R

+ CH{TsJ+1) + CH(I+1sJ+1) )} + ODHX 07TMY8

* { PX(IsJ) + PX{(I4+1sJ) ) + ODHY 145E6

* ( PY(IsJd) + PY(IsJ41) ) + S(1sJ) 14556

IF CCUIe3) ) 427, 426 427 05NO9
CC(I+3) = 140 05NO9
CCtlets) = —24,0 % { HYDHX3 * ( DX(IsJ) + DX{I+1sJ) ) 0OBNOS

+ PDHXHY #* ( CRD(3) + CRD(2) ) ) 29JL8

+ ODHXHY * [ = CH{I+1sJ) =~ CH{I414J+1) 07MY8

- CH{I+1+J) =~ CH{I+1,sJ+1) ) = ODHX 07MYS8

* PX{I+1s) 145F6



DD(1Iy1) =
1 + ODHXHY * ( CH(I,J+1) + CH(Il,J+1) )
DD(1,42) = =2,0 * ( HXDHY3 * ( DY(IsJ) + DY(I,yJ+1)
1 + PDHXHY * ( CRD(2) + CRD(5) ) )}
2 + ODHXHY * ( = CH(IlsJ+1) = CH(I+1yJ+1)
3 ~ CH(I,J+1) = CH(I+1sJ+1) ) - ODHY
4 * PY(1y9J+1)
DD(1,3) = PDHXHY * ( CRD(3) + CRD(5) )
1 + ODHXHY * ( CH({I+19J+1) + CH(I41,J+1)
EE(I»1) = HXDHY3 * DY(I,sJ+1)
IF (1-2) 9980y 429, 428
428 CC(Iyl) = DX(I-14J) * HYDHX3
429 IF (MXP2 - 1) 9980, 500 430
430 CCtI,45) = HYDHX3 * DX(I+1,J)
GO TO 500
431 CRD(1) = AMIN1 ( DX(I=1sJ ) o DY(I=1sJ )} )
BB(Iy1) = CRD(1) * PDHXHY
BB( 1,2} = Ce0
CClIyl) = DX(I-1sJ) * HYDHX3
CC(1y2) = =240 * ( HYDHX3 * DX(I-19J)
1 + PDHXHY * CRD(1) )
CC(1,3) = HYDHX3 * DX(I-1,J)
IF ( CCUIy3) )} 436 435y 436
435 CC(Iy3) = 1le0
436 DD(1,1) = PDHXHY * CRD(1)
DD(1+2) = Ce0
EE(Is1) = 060
GO TO 500
‘‘‘‘‘ COEFFICIENTS COMPUTED AT J = MYP3
438 IF (I-1) 9980y 439y 440
439 BB{1,2) = 060
BB{1,3) = Ce0
CC(I93) = 160
CC(ly4) = 060
CC(1,45) = Qo0
DD(I;Z) = Qe0
DD (1 3) = 0De0
EE(I»1) = 00
GO TO 500
440 IF (MXP3-1) 9980 447y 441
44] CRD(4) = AMIN1 ( DX(I »J=1) » DYL(I] s J-11) )
BB(I,1) = CRD(4) * PDHXHY
BB(Is2) = =2.0 * ( PDHXHY * CRD(4)
1 + HXDHY3 * DY (I4J=-1) )}
BB(1s3) = PDHXHY * CRD(4)
CC(1+2) = 060
CC(143) = HXDHY3 #* DY(I,J-1)
IF ( CC(193) ) 9980 442y 4473
442 CC(1y3) = 160
4473 CC(ly4) = 060
DD(1Iy1)} = 060
DD(1y2) = Qa0
DD(14+3) = 060
EE(I 1) = 0e0

IF (1-2) 9980; 445;

PDHXHY * ( CRD(l) + CRDI(5) )

444

)

)

29JL8
09MY8
29NO7
29JL8
07MY8
07MY8
14SE6
29JL8
07MY8
03JA8
05N09
05NO9
05N09
05N09
08DE7
05NO9
29JL8
08DE7
08DE7
08DE7
29JL8
08DE7
05NO9
05N09
05N09
08DE7
03UA8
08DE7

05N09
05N09
08DE7
170C9
08DE7
08DE7
08DE7
08DE7
03JA8
08DE7
05NO09
05N09
29JL8
29JL8
08DE7
29JL8
08DE7
08DE7
05N09
O05NO9
05NO9
O8DE7
08DE7
08DE7
03JA8
0S5NO9

125
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MO NN N

444
445
446

447

522
525

530
600

CCiIsl) = 040

IF (MXP2-=1) 9980y 500 446-
CC(1,45) = 0.0

GO TO 500
BB(Is1)
BB(1,2)
CC(1ls1)
CC(1s2)
CC(1e3)
DD(Is1)
DD(I42)
EE(Is1)

CONTINUE

L[ T T 1 A 1 I [ 3 [
o Ne Neo il o Nolh e |
OO0 00000 O

BEGIN MAIN SOLUTION

DO 515 1 = 1, MXP3
RETAIN RECURSION COEFFICIENTS TO USE AT NEXT J STEP
AM2(T1+1) = AM1(I1s1)
AM1(Ts1) AlTs1)
IF ( ML ) 515, 505, 505
DO 510 K = 1s MXP3

no

BM2(TIsK) = BM1(I,K)
BM1(IsK) = B(IsK)
CM2(14K) = CM1(TsK)
CM1(TI4K) = ClTIsK)}
CONTINUE
CONTINUE

SOLVE FOR ALL RECURSION COEFFICIENTS AND RETAIN THE A(Is1)
COEFFICIENT AT THIS J STEP IN THF AT(I,J) ARRAY
JJ = J
CALL MATRIX ( L1sJJsMXP34MYsAA BB sCCsDDIEESFFsAsAM]
AM2 9B 9sBM19sBM2 sCsCM1 9CM29DsE oML )
DO 520 I = 1s MXP3
AT(IsJ) = A(lye1)
CONTINUE

TEST FOR MULTIPLE LOADING --
IF ZERO, RETAIN B AND C COFFFICIENTS ON TAPE 1.
IF PARENT, ALSO RETAIN D AND E MULTIPLIERS ON TAPE 2.
IF OFFSPRING, MOVE TAPE 1 COMPLETELY FORWARD IN STEPS.

) IF(C ML ) 522, 5309 525
READ (1)
GO TO 600
WRITE (2) (( D(IsK)}sE(IsK)s I=1sMXP3)y K=14MXP3 )
WRITE (1) (( B (1sK)s C (I,K)y I=1sMXP3), K=14MXP3 )
CONTINUE

COMPUTE AND PRINT RESULTS

N0 650 LL = 1y MYP3
J = MYP4 - LL
POSITION TAPE 1 FOR READING AND RETRIEVE THF A RECURSION COEFF
BACKSPACE 1

05N09
05NO9
05N09
08DE7
05N09
08DE?
08DE?
08DE7
170C9
08DE?
08DE?
03JA8
04MY7

29N0O7

21DE7
21DE7
29NO7
200C7
21DE7
21DE7
21DE7
21DE7
04MY?7
30JE7

08AG7
29N0O7
19AP8
200C7
29N0O7
200C7

250C7
250C7
250C7
200C7
29NO7
04MY?7

29NO7
29N07

16AG7
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DO 625 1 = 1, MXP3 21JL7
A{Is1) = AT(I,J) 28DE7
625 CONTINUE 22JE7
————— RETRIEVE B8 AND C RECURSION COEFFICIENTS AT THIS J STEP
READ (1) ((B (IsK)s C (IsK)9I=14MXP3) » K=1,MXP3 ) 29N0O7
----- REPOSITION TAPE
BACKSPACE 1 16AG7

----- COMPUTE DEFLECTIONS

AM1 AND AM2 ARE NOW TEMPS USED TO REPRESENT B*wPl AND C*wP2

CALL MATMPY (L1ls MXP3y 1y By WP1ly» AM1 ) 26JA8

CALL MATMPY (Lls MXP3s 1 C» WP2y AM2 ) 26JUA8

DO 630 I = 1, MXP3 21JL7

W{lsJ) = A(ls1) + AM1(I,1) + AM2(I1,1) 29NO7

WP2(Is1) = WP1(Is1) 28DE7

WP1{Isl) = W(IsJ) 28DE?

630 CONTINUE 04MY 7

650 CONTINUE 04MY7
----- SET DEFLECTIONS AT CORNER STATIONS OUTSIDE THE BOUNDARIES

Wilsl)= 2,0 * W(1y2) = W(1y3) 29NO7

W(MXP3y1) = 2,0% W({ MXP3,2) -W(MXP3,3) 29N0O7

W({1sMYP3) = 2,0% W{1sMYP2) —W (14MYP1) 29N0O7

W{MXP3yMYP3) = 2,0 * W(MXP3,MYP2) —-W{(MXP3,MYP1) 29N0O7

————— COMPUTE BENDING MOMENTSs REACTIONS AND TWISTING MOMENTS

DO 730 J = 2y MYP2 245E9
PO 720 1 = 2, MXP2 29NO7
CRD(2) = AMIN1 ( DX(I »J ) DY(I »J 1)) 29JL8

WSUM1 = ODHX2 * ( W(I-19J) = 20 * W(lsJ) + W(I+14J) ) 06NO7

WSUM2 = ODHY2 * ( W(IsJ-1) = 2.0 * W(IyJ) + Wi{l,J+1) ) O06NO7

BMX(IsJ) = DX(IsJ) * WSUM1 + CRD(2) * PR ¥ WSUM2 29JL8

BMY(T1»J) = DY(IsJ) * WSUM2 + CRD(2) #* PR * wSUM1 29JLs8

720 CONTINUE 08SE7
730 CONTINUE 08SE7
IF ( NCT3 ) 9980y 885y 740 05N09

740 CONTINUE 24SE9

R OUTPUT TABLE 6

PRINT 11 24SE9
PRINT 1 24SE9
PRINT 13, { ANl1(I)y I=1y 40 ) 170C9
PRINT 16y NPROBsy ( AN2(I)y» I = 1y 18 ) 170C9

IF ( ML ) 812, 811, 811 05NO9

811 PRINT 63 05N09
PRINT 45 04NOS

GO TO 813 05N09

812 PRINT 64, KPROB OSNOS
PRINT 45 04NO9

813 CONTINUE 05N09
DO 880 N = 1» NCT3 05NO9

IF ( KASEX{(N) * KASEY{(N) - 1 ) 821y 820y 9980 05NO9

820 PRINT 69y IN13(N)y JUNI3(N)s IN23(N)» JUN23(N) OS5NO9
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GO TO 825 05N09
821 IF ( KASEX(N) - 1 ) 823, 822, 9980 05NOS9
B22 PRINT 65, IN13(N}y JNI3(N)s IN23(N)s JIN23(N} O5N09
GO TO 825 05NO9
823 IF ( KASEY{N) - 1 ) 9980s 824y 9980 05NO9
824 PRINT 67, IN13(N)y JNI3(N)s IN23(N)}s JUNZ3(N) OSNO9
825 CONTINUE 05NO9
I1 = INI3(N) + 2 245E9
J1 = JUNI3(N) + 2 245E9
I2 = IN23(N} + 2 245E9
J2 = JUN23(N) + 2 24SE9
NO 870 J = Jl. J2 05NO9
JETA = J - 2 245E9
PO 860 1 = Ils 12 05NO9
ISTA = 1 - 2 245E9
IF € KASEX(N) * KASEY(N) - 1 ) 839, 838, 9980 05NO9
838 PRINT 74, ISTAy JSTAy BMX{IsJd)s BMY(],J} 05NO9
GO TO 860 05NO9
839 IF ( KASEX(N) - 1 ) 841s 840s 9980 05N0O9
840 PRINT 664 ISTAs JSTAs BMXIUIeJ) 05NO9
GO TO 860 05N0O9
841 IF { KASEY{N) = 1 ) 9980, 842 9980 05N09
842 PRINT A8, ISTA, JS5TA, BMY(I,J) 05N0O9
860 CONTINUE 05NO9%
870 CONTINUE 05NO9
880 CONTINUE 05NO9
885 CONTINUE 05N09
c
(=== OUTPUT TABLE 7
C
PRINT 11 155€6
PRINT 1 21417
PRINT 13, ( AN1(N}s N = 1, 40 } 170C9
PRINT 16, NPROBs ( AN2(NJs N = 1s 18 ) 170C9
1F ¢ ML ) 888, B87, 887 06NO9
887 PRINT 39 06NOY
PRINT 48 12DE7
GO TO 889 06N0O9
888 PRINT 42, KPROB 06NO9
PRINT 48 12DE7
gRQ IF ( THK ) 9980y 892, 891 06NO9
891 PRINT 40 06NO9
SDT2 = 6«0 / ( THK * THK 20NO7
GO TO 895 06N0O9
892 PRINT 41 06NO9
SDT2 = 1.0 20NO7
ROS CONTINUE 06NO9
FR = 140F=-12 21N07
SUMR = 0.0 12DE7
DO 960 J = 24 MYPZ 29N07
PRINT 6 2117
Comm== COMPUTE ABSORBED LOADS
JSTA = J - 2 29N07
DO 955 1 = 2, MXP2 29N07

ISTA = 1 - 2 29NO7
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QBMX = ( BMX{I=1sJ) = 20 * BMX(IsJ) + BMX{I+1,J) ) 02N06CDC
QBMX = ( BMX(I-1sJ)%1,0D0 - 2.0D0 * BMX(T,sJ) + BMX(T+1,J)300C9IBM
* HYDHX 06NO7CDC
* 10D0 ) * HYDHX : 300C91BM
QBMY = ( BMY(I,J=1) = 2.0 * BMY(I,J) + BMY(IsJ+1) ) 02N06CDC
QBMY = ( BMY(IsJ=1)1%1.0D0 - 2+0D0 * BMY(I,J) + BMY(I,J+1)300C91BM
* HXDHY 06NO7CDC
* 1.0D0 ) * HXDHY 300C9IBM
QTMX = ( W(I=19J-1) % CH(IsJ) = W(I-1sJ) * ( CH(IsJ) 07MY8
+ CH(IsJ+1) ) + W(I-1sJ+1) * CH(I,J+1) 07MY8
- W(lsJd=1) * ( CH(I4J) + CH(I+1,J))+ W(IsJ) 07MY8
* ( CH({I¢J) + CH(I9J+1) + CH(I+1sJ) + CH(I+1sJ 07MYS8
+1) ) = WllsJ+1) * ( CH(IsJ+1) + CH(I+1yJ+1) ) Q7MYS8
+ W(I+1leJ=1) *® CH(I+1sJ) — W(I+1sJ) * ( CH(I 07MY8
+19J) + CH(T+19J+1) ) + W(I+1,sJ+1) * CH{I+1sJ O7MYS8
+1) ) * ODHXHY 06NO7
QTMY = QTMX 07MY8
QPX = ODHX ®* O PXUIsd) * Wi(I=19J) = ( PX(IyJ) 06NO7
+ PX(I+19J) ) * W(lsJ) + PXUI+1sJ) * W(I+19J) Y02NOKCDC
+ 040D0 + PX(I+1sJ) ) % W(lsJ) + PX{I+19sJ) * W(I+1,J))300C9IBM
QPY = ODHY * ( PY(Isd) * W(led=1) ~ (PY(IsJ) 06NO7
+ PY(IsJd+1) ) * W(IsJ) + PY(IsJ+1) * W(IsJ+1) )02NO6CDC
+ 040D0 + PY(IsJ41) ) * W(IsJ) + PY(IsJ+1) * W(IsJ+1))300C91BM
COMPUTE TWISTING MOMENTS
WSUM3 = [ W(I=1sJ=1) = W(I=-1sJ+1) = W(I+1yJ-1) + 14DE7
W(I+1sJ+1) ) * 040625 * ODHXHY 06NO7
TMX = ( CH(I9J) + CH(IsJ+1) + CH(I+1sJ) + 07MY8CDC
TMX = ( CH(IsJ) + CH(Il9J+1) + CH(I+1sJ) + 0e0D0+300C9IBM
CH(I+1yJ+1) ) * WSUM3 07MY8
SUBTRACT APPLIED LOAD FROM SUM OF ABSORBED LOADS TO GET REACT
REACT = QBMX + QBMY + QTMX + QTMY - QPX - QPY -QllsJ) 06NO7
SUMMATION OF REACTIONS FOR STATICS CHECK
SUMR = SUMR + REACT 17JA8
IF( REACT * REACT - ER )} 905s 905, 906 10NO7
REACT = 04,0 10NO7
COMPUTE PRINCIPAL MOMENTS OR STRESSES
BMA = ( RMX({IsJ) + BMY(I,J) ) * 0,50 17JA8
BMX 1S BENDING MOMENT IN X DIRECTION [COMPRESSION IN TOP IS + )
TMX IS TWISTING MOMENT IN X DIRECTION (ABOUT Y AXIS)
SIGO 1S THE MAXIMUM NUMERIC VALUE OF PRINCIPAL MOMENT ( + OR = ) .
IF THICKNESS SWITCH IS INPUT IT IS THE PLATE STRESS AND IS +
FOR TENSION IN BOTTOM OF PLATE
COUNTER CLOCKWISE BETA ANGLES ARE POSITIVE AND ARE MEASURED FROM
THE X AXIS TO THE DIRECTION OF THE LARGEST PRINCIPAL STRESS
OR MOMENT (POSITIVE OR NEGATIVE)
TMY = -TMX 10SE9
BMP = BMX(I,J) - BMA 15DE7
BMR = SQRT ( BMP * BMP + TMY * TMY ) 10SE9CDC
BMR = DSQRT ( BMP * BMP + TMY * TMY ) 310C91BM
BMO = BMA + BMR 15DE7
BMT = BMA - BMR 15DEY
TEST TO PRINT ONLY THE MAXIMUM VALUE
IF ( BMA ) 916, 918, 918 15DE7
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916 PMMAX = BMT - 10SE9
IF  BMP ) 940, 930y 920 15DE7
918 PMMAX = BMO 15DE7
IF ( BMP ) 9204 930y 940 15DE7
920 ALF = TMY / BMP 10SE9
ALF = ATAN ( ALF ) * 57,29578 10SE9CDC
c ALF = DATAN ( ALF ) % 57,29578 170C91IBM
IF ( ALF ) 922+ 924+ 924 10SE9
922 THETA =-ALF - 18040 10SE9
GO TO 945 15DE7
924 THETA = + 180.0 -~ ALF 10SE9
GO TO 945 15DE7
930 IF ( TMY ) 932, 934, 936 10SE9
912 THETA = + 90.0 10SE9
GO TO 945 15DE7
934 THETA = 0.0 15DE7
GO TO 945 15DE7
936 THETA = - S0.0 10SE9
GO TO 945 15DE7
940 ALF = TMY / BMP 10SE9
ALF = ATAN ( ALF ) % 57,29578 10SE9CDC
C ALF = DATAN ( ALF ) * 57,29578 170C91BM
THETA =-ALF 10SE9
Cmm=- CLOCKWISE ANGLES ARE NEGATIVE
945 BETA = (0.5 * THETA 15DE7
SIGO = PMMAX % SDT2 15DE7
948 PRINT 47 » ISTAs JSTAs WIIsJ)sBMX(I+J)sBMY(I+J)sTMX » REACT 08DE7
1 SIGO» BETA 14DE7
955 CONTINUE 115E7
360 CONTINUE 09AG7
PRINT 50, SUMR 12DE7
CALL TIC TOC (&) 25SE6
GO TO 1010 26AG3
9980 PRINT 98 29N0O7
Q990 CONTINUE 19MR5
9999 CONTINUE 04MY3
PRINT 11 08MY3
PRINT 1 21JL7
PRINT 13, ( AN1(N)s N = 1y 40 ) 170C9
CALL TIC TOC (2) 26SE6
PRINT 19 26AG3

END
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SUBROUTINE MATRIX ( L1lsJJsMXP3,MYsAA,BBsCCyDDIEEsFFsA,AM1, 29N07
1 AM2 yBsBM]1 yBM2 sCyCM1 yCM24sDsE ML ) 19APS8
DOUBLE PRECISION AA, BB, CCys» DDy EEy FFy Ay AM1, AM2, B,y BM1, BM2,160C9IBM
1 Cy CM1, CM2y D, E 160C918BM
DIMENSION AA (L1lsl) » BB (L1s3) » CC (L1s5)s 03JAS8
2 DD (L1s3) EE (L1s1) » FF (L1lsl)s 19APS8
3 A (L1s1) » AM1(L1s1)> AM2(L1s1)s 29NO7
4 B (L1sL1) BM1(L1,L1) » BM2 (L1,L1) ,29NO7
5 C (L1sL1) CM1(L1,L1) CM2(L1sL1) +29NO7
6 D(L1sL1)Y » E(L1sL1) 26JA8
---- TEST FOR MULTIPLE LOADING, IF OFFSPRING, RETRIEVE D AND E
RECURSION MULTIPLIERS FROM TAPE 2
IF(C ML ) 500y 5204 520 200C7
S00 READ (2) (( D(IsK) » E(I4K) » I= 19MXP3) » K= 1sMXP3 ) 200C7
GO TO 550 200C7
----- COMPUTE RECURSION MULTIPLIER E
520 CALL MATMY1 (L1 , MXP3 , MxP3 , AA , BM2 , E) 29N07
CALL MATA1l (L1 » MXP3 , E » BB  F) 29N0O7
————— COMPUTE RECURSION MULTIPLIER =1/Ds C USED AS A TEMPORARY
CALL MATMPY (L1 » MXP3 4y MXP3 4 F » BM1 s D) 29N0O7
CALL MATMY1 (L1 , MXP3 4 MXP3 o AA , CM2 , C ) 29N07
PO 535 K = 1s» MXP3 21JL7
PO 530 T = 1y MXP3 21J4L7
D(IsK) = = D(I4K) = C(IsK) O1DE7
530 CONTINUE 04MY 7
5135 CONTINUE 22JE7
CALL MATS2 (Lls MXP3s Dy CCy» D) 29N07
————— COMPUTE RECURSION MULTIPLIER D
CALL INVRS ( D»s L1y MXP3y JJ ) 19AP8
----- COMPUTE RECURSIOMN COEFFICIENT C
CALL MATM2 (L1 o MXP3 , D 4, FE , C ) 29NO7
----- COMPUTE RECURSION COEFFICIENT B, NOW USING BM2 AS A TEMPORARY
CALL MATMPY (L1 s MXP3 4y MXP3 4 E » CM1 » B ) 29N0O7
CALL MATA1l (L1 » MXP3 , B » DD » BM2) 21DE7
CALL MATMPY (L1 s MXP3 4 MXP3 4 D » BM2 , B ) 21DE7
————— COMPUTE RECURSION COEFFICIENT Ay EE USED AS A TEMPORARY
550 CALL MATMPY (L1 , MXP3 , 1 » E » AM1, A ) 29N0O7
CALL MATMY1 (L1 , MXP3 4, 1 » AA » AM2,y EE ) 02JA8
DO 560 I = 1 MXP3 21JL7
EE(Is1) = A(l41) +# EE (Is1) = FF(Isl) 300C9
560 CONTINUE 04MY 7
CALL MATMPY (L1 s MXP3 4, 1 » D » EE »A ) 02JA8
RETURN 08AG7
END 08AG7
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SUBROUTINE MATMY1 (Ml , LZ + L 9 X o Y
C DOUBLE PRECISION X4+ Ys 2
DIMENSION X{M1s1) o Z(M1sL) » Y(Ml,L)
DO 200 I = 1., L2
DO 100 J = 1L
2t1sJY = X{Iel) * Y(1,U)
100 CONTINUE
200 CONTINUE
RETURN
END

SUBROUTINE MATALl (Ml s L2 s Z o X3 s Y}

C NDOUBLE PRECISION X3¢ Z4 Y
DIMENSION X3(M1e3)s Z{M1aM1)s Y(MIsM1}
MM1 = L? - 1
NO 60 1 = 1 4 L2
NnO 50 J =1 4 L2
Y{lsdt = Z(1sJ}
50 CONTINUE
60 CONTIHUE

No 100 1 = 2, MM
Y(Isel=1) = Y{Isl=1} + X3(Is1)
Y(Isel) = Y{Iel} + X3(142)
YOIeI#2) = Y(IeIl+1}) + X3(14+43}

100 CONTINUE
Yilsl) = Y(1al) + X312}
Y{142) = Y{1s2) + X3(1,3)

4

2}

Y{L2sL2~1) = Y(L24L2-1) + X3(L2s1)

Y{L2+L2) = YIL2+sL2) + X3(L2+2)
RETURN
FND

25JL7
160C91IBM
03JAB
19APS
13007
03JA8
13007
19AP8
13007
13007

25JL7
160C918M
130L7
25407
19APSB
25007
134L7
134L7
13APB
1307
13007
13JL7
13JL7
13007
130L7
13007
25407
25JL7
13JL7
13JL7
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300

100

SUBROUTINE MATMPY (M1 , L2 s L o X » Y » 2)

DOUBLE PRECISIO
DIMENSION X(M1,
DO 300 I =
DO 200 M =
Z(IsM)
DO 100 K =
Z(IsM)
CONTINUE
CONTINUE
CONTINUE
RETURN
END

SUBROUTINE MATS

DOUBLE PRECISIO

DIMENSION X3(L1
MM2 =

DO 100 I =
Y(Isl~
Y(Is1-
Y(Is1)
Y(IsI+
Y(IsI+
CONTINUE

Y(1ls1)
Y(142)
Y(1,3)
Y(2s1)
Y(2s2)
Y(2s3)
Y(294)
Y(M1-1
Y(M1-1
Y(M1-]
Y({M1-1
Y{(M14M
Y(M1,M
Y(M1,M

RETURN

END

N X» Yo Z
M1)s Y(M1sL )y Z(M1l,elL )
1 » L2
1sL
0.0
o L2
X(IsK) # Y(KsM) + Z(]eM)

n o=

2 (L1 » M1 4 Z s X3 » Y)
N Zs X3, Y

95) o Z(L1sL1l) s YI(L1,L1)
Ml - 2

3, MM2

2) = 2(141=2) = X31{1,1)

1) = Z(1s1=1) = X3(1,2)
= Z(1s1) ~ X3(1,43)

1) = Z(1sI+1) = X3(144)

2) = 2(lsI42) = X3(1,5)

2(1s1) ~ X3(143)

2(192) =~ X3(1s4)

2(1+3) = X3(1,5)

20291) ~ X3(2+2)

2(292) ~ X3(2+3)

2(293) =~ X3(244)

2(294) = X3(2+5)

sM1-3) 2(M1~1sM1-3) - X3(M1-1,1)
»M1-2) Z2(M1~14M1-2) = X3(M1-1+2)
sM1-1) =. Z(M1~1sM1-1) = X3(M1-1+3)
»M1) Z2(M1-14M1) = X3({M1-1s4)
1-2) Z2(M14M1=-2) = X3(Ml,yl)

1-1) 2(M14M1-1) - X3(M1,2)

1) = Z(M1sM1) = X3(M1,3)

n o n
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25JL7
160C918M
2TJET
19AP8
19AP8
2TUE7
25J0L7
2TUET
27JE7
19AP8
19AP8
27JE7
2TJET

30NO7
160C91BM
25JL7
13J0L7
13017
30NO7
30NOY
30NO7
30NO7
30NO7
130L7
30NO7
30NO7
30NO7
30NO7
30NO7
30NO7
30NO7
30NO7
30NO7
30NO7
30NO7
30NO7
30NO7
30NO7
13JL7
13JL7
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SUBROUTINE INVRS5 ( Ay L1y L2y JJ ) 19APB

C DOUBLE PRECISION A, S» S2 160C91BM
DIMENSION A(L1,sL1) 25JA8
20 FORMAT (///28H NO INVERSE EXISTS JJ=s I5 » 10H A(I,sJ) = ) 300CS
30 FORMAT ( 1Xs10E10e3 ) 100C7
EP = 1,0E-10 21DE7
DO 185 1 =1 L2 200C7

KK = 1 + 1 200C7 _

IF « ABSCA(I,I) ) - EP ) 990s 990, 150 19AP8CDC

C IF { DABS{A(IsI) ) = EP ) 990s 9905 150 300CS1IBM
150 S =17 Al ' 200C7
DO 160 J = 1s L2 25JA8
AllsJ) = AlIsJ) * 5 200C7
160 CONTINUE 200C7
AlTI«I) =S 25JA8
DO 180 J =1 » L2 200C7
IF ( J~1 ) 170, 180y 170 200C7
170 S2 = A(JyI) 200C7
AlJsI) = 040 25JA8
N0 175 K = 1, L2 25JA8
AlJsKY = AlJsK) = S2 # A(I,K) 200C7
175 CONTINUE 200C7
180 CONTINUE 200C7
185 CONTINUE 200C7
RETURN 200C7
990 PRINT 20, JJ 10JA8
PRINT 30, (( A(IsJ)y J=1slL2) s I=1y L2 ) 25JA8
END 200C7
SUBROUTINE MATM2 (M1 » L2 » Y » X » 2) 25JL7

C DOUBLE PRECISION X» Yy Z 160C9IBM
DIMENSION X({M1s1) » Z(M1yM1) » Y(Mly M1l) 03JUAS8
PO 200 I =1 L2 19AP8
DO 100 J =1 » L2 25JL7
2(IsJ) = X(Jsl) * Y(I,4J) 03JAS8
100 CONTINUE 13JL7
200 CONTINUE 19APS
RETURN 130L7

END 13JL7



)

10

11 FORMAT(///30X15HCOMPILE TIME
12 FORMAT(///30X24HTIME FOR THIS PROBLEM =

1

30
49
40

50

60

70
990

SUBROUTINE TIC TOC ()

THIS ROUTINE IS SPECIFICALLY FOR THE CDC6600. WHEN USING THE

SYSTEM THE INDICATED IBM CARDS WILL

T™M TIME
TIME FOR THIS PROSLEM

1BM360/50
PRTIME TO PRINTOUT THE REQUIRED TIME.
TIC TOC (1) = COMPILE TIME
TIC TOC (2) = ELAPSED
TIC TO0C (3) =
TIC TOC (4) =

FORMAT(///30X19HELAPSED

8H SECONDS )
1 =4 -2
IF € I-1 ) 40, 30, 30
Fl4 = F
CALL SECOND (F)
CALL PRTIMF
GO TO 990
111 = F
11 = 111 /7 60
FI2 = F - 11%#60
IF ( T ) 50y 70y 60
PRINT 11, I1ls FI2
50 TO 990
FI3 = F - Fla
12 = FI13 7 60
FI3 = FI3 = [2%60
PRINT 12, 12y FI3
IF ( I-1 ) 990, 990, 70
PRINT 10, 11, FI?2
CONTINUE
RFTURN
END
COMPILE TIME = 0 MINUTES

TIME FOR THIS PROBLEM AND ELAPSED
TM TIME =

13.104 SECOMDS

CALL THE SUBROUTINE

T™M TIME

1548H MINUTESF943,+s8H SECONDS )
s1598H MINUTESsF9¢3+s8H SECONDS )
s 1598H MINUTESsF943,

135

240C6

20DE7
300C9
20DE7
300C9
300C9
25SE6
25SE6
25SE6
21JY7
21uv7
25SE6
25SE6CDC
300C91BM
300C91BM
25SE6
25SE6
25SE6
24JL7
219Y7
25SE6
25SE6
255E6
25SE6
25SE6
219Y7
210Y7
06SE7
25SE6
25SE6
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APPENDIX 5

SELECTED INPUT AND OUTPUT FROM THE FIRST INTERIOR
PANEL OF THE EXAMPLE STRUCTURE
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Problem 203
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CHG CE 909099
HOUSTON SHIP CHANNEL STRUCTURE
LOAD PATTERN Hl1-12

201
+1
19

0
7
(o]
17
18
19
19
1
17
18
19

—
OO O D = = = =\~

CODED AND

1 2

38 2.000E+00 2,000E+00

19
10

i - O 0000

——

19 19
9 20
16 38
17 38
18 38
19 38
19 38
16 38
17 38
18 38
19 38
1 37
15 37
15 1
15 13
15 25
15 37
0 38
15 0
15 38
16 38
17 38
18 38
19 38
19 38
4 19
7 19
9 19
12 19
9 20
19 9
19 17
19 13
16 38
17 38
18 38
19 38
19 38
4 9
7 9
9 9
12 9
4 10
7 10
9 10
12 10
4 16
7 16

1
1
1.233E+04
8.883E+03
64138E+03
4,028E+03

—

RUN

1 DEC 69
TWO-WAY LIGHT-WEIGHT DECK

HUA

FT-KIP UNITS

FIRST INTERIOR PANELS

27 0
14500E-01

1.233E+04
84883E+03
64138E+03
44028E+03
Se453E+04

~44025E-01
-3+.608E~-01
~3.188E-01
~26131E-01
-24588E-01
-2.080E+01
-24080E+01
-24080E+01
—24080E+01

1+000E+25
1+4000E+25
1+000E+25
1+000E+25
14 000E+25
1+ 000E+25
64360E+03
6+¢480E+03
6¢480E+03

FIRST INTERIOR PANELS

21

~44025E-01
-3+608E-01
-3,188E~-01
-24131E-01
~24588E~01
-14040E+01
-1.040€+01
~1.040E+01
-1.040E+01
-1+040E+01
-1.040E+01
-1+040E+01
-14040E+01
-14040E+01
-1+040E+01

1¢048E+04
9¢017E+03
6¢383E+03
44320E+03



DPARADAIADPOPODO0DDVDEPO Yt it ek vd ot = 2 DO OO PO

16
16
17
17
17
17

12

16
16
17
17
17
17

33 2.000E+00

8
11
14
14
14
14
14
14
14
la
14

30
23

LOAD PATTERN M1~10

1 2
2+000E+00
1

1
1+233E+04
B8+883E+03
6+138E+03
44028E+03
S«453E+04

~1e040E+01
~1e040E+01
~1e04CE+Q1
~1e040E+01
=1« 040E+01
~1+040E+01

FIRST INTERIOR PANELS

30 0
14500E~01

1e233E+04
BeBB83E+03
6«138E+03
44028E+03

~44025E-01
~3+608E-01
«3,188E~-01
~2¢131E~01
~2588E-01
~14560E+01
-1e560E+01
~1e560E+01
~1e560E+01
-1e560E+401
~1e560E+401
~1e560E+01
-1560E+01

1+000E+25
1+ 000E+25
1+ 000E+25
1¢000E+25
1«00C0E+25
6e360E+03
64480E+03
6e480E+03

1+04BE+04
Ge017E+03
6¢38B3E+03
4¢320E+03

141



142

PROGRAM SLAB 30 FINAL REPORT DECK = PANAK REVISION DATE 20 NOV 69
CHG CE 909099 CODED AND RUN 1 DEC 69 HuA FT-KIP UNITS '
HOUSTON SHIP CHANNEL STRUCTURE TWO-WAY LIGHT-WEIGHT DECK
PROY

201 LOAD PATTERN Hl=-12 * FIRST INTERIOR PANELS

TABLE 1., CONTROL DATA

MULTIPLE LOAD OPTION (IF BLANK OR 7EROes PROB IS INDEPENDENT ==

IF +1ls PARENT FOR NEXT PROB =- IF =19 AN OFFSPRING PROB)
TABLE NUMBER

? 3 4 5

NUM CARDS INPUT THIS PROBLEM ' 1 2 27 71
TABLE 2. CONSTANTS

NUM INCREMENTS IN X DIRECTION 19
NUM INCREMENTS IN Y DIRECTION KL
INCR LENGTH IN X DIRECTION 2.000r+00
INCR LENGTH IN ¥ DIRECTION 2.000E+00
POISSOMS RATIO 1.%00#~01

SLAB THICKNESS (IF BLANK OR ZEROe« MAX PRINCIPAL MOMENT 1S ~0.
COMPUTED =~ IF SPECIFIFD. MaXx PRINCIPAL STRESS)
TABLE 3. SPECIFIED AREAS FOR SELECTED MOMENT QUTPUT

PRINT (1=Y¢S)
FROM THRU X MOMENTS Y MOMENTS

¢ 19 19 19 1 -0
7 10 9 20 -0 1

TABLE 4. STIFFNESS AND LOAD DATA

FROM THRU ox DY ¥ S

0 0 16 3B 1.233F5+04 1.233E+04 =0. -0 =0

17 0 17 38 B8.883E£+03 8.883F+03 -0. -0. =0

18 0 18 38 6.138E+03 6.1386+03 =-0. =0 =0

19 0 19 38 4.028F+03 4,028E+03 -0. “0e -0
19 019 38 =0. 5.453F+04 =0, =0. (e

1 1 16 38 ~0. -0 -0 “Q 1. 048FE+04
17 1 17 38 =-0. -0 =0 -0 Ge017E+03
18 1 18 38 =-0. - =0. =0 =0 £e383E+03
19 119 38 -0. =0, =0 -0 44320E+03
1 1 1 37 =0 “0a =0 1.000£+25 ~0o

15 1 15 37 -0. “0. -0. - 1.000F+25 -0

1 115 1 ~0. -De -0. 1.000E+25 -0

l 13 15 13 "00 -0 -0 ICOOOE"'ZS -00



1 2515 25
1 3715 37
0 0 0 38
0 015 0
0 38 15 38
0 0 16 38
17 0 17 38
18 0 18 38
19 0 19 38
19 ¢ 19 38

4 19 4 19
7T 19 7 19
9 19 9 18
12 19 12 19

TABLE S« AXIAL THiUST

FROM THRU

NONF

-0
=0
-0
-0
-0
-0«
~0«
-0
=0
-0
“0e
=0
-0
“0.

'00
‘0.
-00
-0.
“0e
“0e
«0
-0
-0
~0a
0o
'00
‘00
“0e

DATA

-0,
=G
=0,
=0,
=0
~44.025€-01
=3.608F=-01
=3.188F-01
-2+131F=01
~2¢588F=01
“Pe0n0F+01
~2.080-+01
-2.0<0++01
“2.0n10F+01

1.0006+25
1.000F+25
64360E+03
6.4R80E+403
6e48B0E+03

“0s

=0

=0

=0

=0

=0,

=0

=0

-0

-0.
=0
~0.
-0.
-0.
-0.
-0.
- »
-0
-0
-0.
-0
-Ge
—0.
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PROGRAM  SLAB 30 FINAL REPORT DECK ~ PANAK REVISION DATE 20 NOV 69

CHG CE 909099 CODED AND RUN 1 DEC 69 HUA FT-KIP UNITS
HOUSTON SHIP CHANNEL STRUCTURE TWO=-WAY LIGHT~WEIGHT DECK

PROR (CONTD)
201 LOAD PATTERN Hl1-12 © FIRST INTERIOR PANELS

TABLE 6. SELECTED MOMENT OUTPUT
X MOMENT ACTS IN THE X DIRECTION (ABOUT Y AXIS)

- X MOMENTS ONLYs BETWEEN ( 0» 19 ) AND ( 19 19)

X s Y X MOMFNT
¢ 19 3.055F=13
1 19 -G, 1635+00
2 19 -4,216+00
3 19 -2.036--01
4 19 55055 +00
S 19 3.4357+00
& 19 4,3097+00
7 19 ) 8.‘*1?:‘{)0
8 19 5.850F+00
9 19 R. 48555 +00
10 19 4,3797+00
11 19 3.532F+00
12 19 S5.6277+00
13 19 “3.B4bi =02
14 19 : =3.937++00
15 19 -#,5937+00
16 19 ~4,818°+00
17 19 -2 4527+00
18 19 -9 ,675--01
19 19 S5.21Rr~1la
Y MOMENTS ONI_Ys BETWEEN € 79 10 ) #ND { 9 20 )
X « Y Y MOMENT
7 10 -8,585~01
R 10 -9,2407-01
9 10 ~Qe2TTF=01
7 11 -2, 4T75F+00
8 11 -2.569F+00
9 11 -2 495F +00
7 12 ~4,.B8245+00
& 12 -44958F+00
9 12 -4 TT3F+00
7 13 ~B.169F+00
8 13 -8+ 364F+00
g9 13 «8.,037F+00
7 la -44,152F+00
a

14 ~4,243F+00



LVIENLENLIENLGODNLO®NOET ND

~4406GF+00
“9.653F=01
~G.678F=01
-Q.226F=01
1.827F+¢00
1.919F«00
1.847F+00
4,603F+00
4.843F+00
4,615F+00
7.783F+00
8.215-400
Te7967+00
1.270F+01
1.183F+01
1.2715+01
7.783~+00
He2157+00
T794 +00
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PROGRAM SLAB 30 FINAL REPORT DECK
CHG CE 909099 CODED AND RUN
HOUSTON SHIP CHANNEL STRUCTURE

- PANAK REVISION DATE 20 NOV 69
1 DEC 69 HUA FT=KIP UNITS
TWO~WAY LIGHT-WEIGHT DECK

PROB (CONTD)

201 LOAD PATTERN Hl~-12 FIRST INTERIOR PANELS
TABLE 7., RESULTS
X MOMENT AND X TWISTING MOMENT ACT IN THE X DIRECTION (ABOUT Y AXIS)s
Y TWISTING MOMENT = =X TWISTING MOMENTs COUNTERCLOCKWISE BETA ANGLFS
ARE POSITIVE FROM X AXIS TO THE DIRECTION OF LARGEST PRINCIPAL MOMENT
X LARGEST BETA
X Y TWISTING SUPPORT PRINCIPaL X T0
X s Y DEFL MOMENT MOMENT MOMENT REACTINN MOMENT LARGEST
0 0 =3.741E-05 2.824E~15 1.404E=15 ~1.751E=03 4¢803FE=01 1.751F=03 =45.0
1 0 «1.63BE=05 Sel37E~02 2.165E=15 =2+728E~02 1+061E-01 6.316F~02 =~23.4
2 0 2.170E-05 4.009E=02 =~1e277E=15 «5:946E=02 ~1.406E=01 8B.279F~02 ~35.7
3 0 74308E=05 =1¢344E~03 =6.151t=15 =5.81TE=02 =4+ TI6E~0] =~6.884t=02 44,7
4 0 1e240F=04 «3.048E-02 =1e221E=15 =6.080E~02 ~B+036E=01 «7.792E~02 3K.0
S 0 1e648E=04 =4e430E=02 =T7e272E~15 =4+4]15E=02 =1.06BE+00 =7.154F=02 31.7
6 0 1.910F=~04 =4.8B98E~02 =3.525E-15 =2.366E-02 =~1+237E+00 ~S.H54F~02 22.0
7 0 2.00BE=04 =4.973E~02 =1.060FE-14 =2,104E~03 ~1.301E+00 ~6,Y982F=02 Zets
8 0 1.942E~04 =4.868E-02 =1.113E-14 1.938E=02 ~1.2558F+00 =5.545F~07 ~19,3
9 0 1e714E=04 =44405E=02 =R.604E=15 3.977E-02 =1.110E+00 =6.749F~=02 =~30.5
10 0 1e340F~04 =2.B45E=02 =5.551E-15 S.610E=02 =8.680E~01 =7.210F~02 ~37.9
11 0 RBeT710E-05 1.10SE=02 =64e975E=15 6.063E=02 =%5.644F=0]1 6.640F=02 42.4
12 0 4.390E~05 T7.220E=02 «2.054E-15 4.125F=02 =2.845E=01 9.092F=02 2444
13 0 2e46TE-0S 3.307E=02 =1.166E-15 5e¢800E=03 =~1.599E~01 3.406F~02 97
14 0 1e642E=05 =64763E=01 =2.665E=15 Ge706E-02 ~1+064E=0]1 =6B99E-0]1 =H40
15 0 =2.163E=04 =3,694FE+00 2.132E=14 S5.542E-02 1.401E+00 =3.695F+00 el
16 0 =1+675E=03 =2.57TE+00 4.790E=14 =7.519E=-02 0. “2.579F+00 17
17 0 "309895-03 -10393E*00 3008?E-13 -2.412E-02 [+ "]0393&’00 10
18 0 =6.944E-03 =5.362E~01 1.745E-13 1+109E~02 0. =5¢364F=01 =1.2
19 0 =~1.026E~02 S.031E~14 4.R76E-17 S5.142E-03 0. 5142603 45,0
0 1 =1.646E~05 2.665E=15 Se036E=02 =2709E=02 1+047E=0]1 6.217F~-02 =66.5
1 1 =3.943E-28 =S5.B31E-02 =S«Bl0E=02 =1+.610E=01 7T+886F=03 =2.192F=01 45,0
2 1 =1e041E=25 =6eb49FE=02 =4.432E=01 =2.957E=0]1 1+041E+00 =6.055F=01 bl.2
3 1 =2+4129F=25 =1+4336E~01 =8.907E-0]1 =3.107E~01 2+129E+00 =1.002F+00 70.3
4 1 =2.877F-25 =1.912E=01 =1+274E+00 =2.517E-01 2.HT7TE+00 =1.334F+00 77.1
S 1 =3.381F~25 «2.335E~01 =1.557E+00 -1.843E=01 3.381F+00 ~1.582+00 82.2
6 1 =3.674F=25 =2.593E~01 =1.729E+00 =9.713E-02 36T4E+00 =~1e735F+00 H6.2
7 1 =3.780E-25 «2.,088E~0] =1.792E+00 =8.461E-03 3.780E+00 =1.792E+00 89.7
8 1 =3.7126725 =2.623E-01 =1749E+400 Te925E=02 3.712E+00 =1.753+00 =-87.0
9 1 =34472E-25 ~2.,401E~01 =1.601E+00 1e649E-0]1 3.472E+00 =-1.620E+00 -83.2
10 1 =3.050E=25 =2,016E=01 «1+344E+00 2.445E-01 3.050E+00 =1.394F+00 =76.4
11 1 =2409E=25 ~]1.454E~01 =9.693E-01 3.055E-01 2.409E+00 ~1.070E+00 ~71.7
12 1 =1e6410E=25 =6.91TE=02 =4«A11E=0]1 3.229E-01 1+410E+00 =6.429E~01 =60.6
13 1 4.372F=26 244B0E=02 14653£=01 2.664E=0]1 =4e372E-01 3+706FE~01 52,4
14 1 943642E=25 9+348E«(32 6.2326-0]1 1.388E~01 =9.342E+00 6.574FE~=01 76,2
15 1 =66330E=25 ~4e907E*00 «~1+388E+00 =2.739E=02 1.266E+01 =6.,907E+00 .l
16 1 =1.559E=03 =2.579E+00 ~6.9BTE~N]1 =9.047E=02 0. ~2.583E+00 2.7
17 1 =3.940E~03 ~1.334E¢00 =~2.660E-01 =3.505E-02 0. =14335F+00 1.9
18 1 =64916E=03 =5.074E=01 =7.R23E-07 1.900E-03 0. ~5.074E=0] ~-e3
19 1 ~1.022F=02 =3.354E=14 7.733E=02 4«7BTE-03 0. T T762E~02 86.5
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2.120E-05S
=1.048E-25
-1.655F-04
«3.620E-04
=5.375E-04
-6.699E=04
=7+519E=-04
=T.822E-04
=T7.615€E-04
~6.906E-04
=5.699E-04
-4.016E-04
=-1.935€=-04

2+896E-05

1.858E£-04
=3.780€-25
-10547E-03
-3.921£E-03
=-6.890F=017
-1.018E-02

7.036E-05
=2.142€E-25
=3.576E=04
-T7.832E-04
-1.166E£-03
=1.457E£-03
-1.637E-03
=-1.703E-03
~1.6556-03
-1.497£-03
-1.231E-03
=8.672F=04
-4¢325E-04

3.822E-06

2e743E-04
-3.786E-25
=1.559E-03
=3.920E-073
=-6.865E-03
-1.013E-02

l1.151E-04
-2.861E-25
-5.166E-04
-1.134E-03
=1.694E-03
=2.119€E-03
-2.380E-03
=2.472E-03
=2+396E£=-03
-2.158E-03
=1.767E-03
=1.243€-03
=64341E-04
-4,798E-05

2+969E-04
=-3.821£-25
-1.568E£-03

1.069E~-14
=44.0448E-01
-1.080E-01
3.772E=02
9.030E=-02
1.012E-01
9.742E-02
Q.307€E=02
9.402E=02
1.001€-01
1.049E-01
9.272€E-02
2+337€E-02
=-2275€E-01
-1.101E+00
-44197E+00
-2.558E+00
=-1.327E+00
=-5.001E-01
=3.633E-13

4.802E-15
=R.B53E-01
=1.945£=01
1.630£E-01
3.317€-01
3.997€-01
4.191£-01
4.189E-01
44119€E-01
3.973E-01
3.592E-01
2.605€-GC1
24216E-07
=5.235£-01
=1.709E+00
=3.961E+00
=2.469E+00
-1.297g+00
-4 BS(JE-OI
ls124E-12

2.220E-16
=-1.238E+00
=2.826E-01
2:44T7E-01
S.111€=-01
6.281E-01
6.665E-01
6.678E£-01
6.502E-01
6.118F=01
5.288E-01
3.496£-01
=1.904E=02
=7.287€=01
=1.985E+00
=3.919€+00
=2¢395E+00

3.464E=-Q2
=6+6T72E-07
=-9.630E-02
=1.725€=01
=2.621E=-01
-3.389E-01
-3.880€E-01
=4.032E-01
=-3.R35E-01
=3.324E-01
-2.5872E-01
=1.790E-01
=1.335€£-01
=1.972€=-01
=4.5R1E-01
=6.295E=01
=4¢559£-01
-2.372E-01
=7.801E£-02

2.046E-01

-1.340E-0?
=1.328£-01
T.062E=-07
2¢354E-01
3.563£-01
4,393E-01
4,919E-01
S.188£-01
5.209E~01
4494]1E-01
442Q0E-01
3.094E=01
1.157£-01
=1.589E=-01
=44548E-01
=5.941E=-01
=3.620E=01
=1.R66E-01
=5.426E=-02
3.9“6E-01

=4,938E-02
=-1.R57£-01
10“75E-01
4.570E-01
7.127€-01
9.038E-01
1.028E+00
1.087E+00
1.079E+00
1.002€+00
84530£-01
6.277E-01
3.303E-01
-1.278E=-02
=3.385E=-01
=5.879€-01
=3.397E-01

=5.790E-02
-24911E-01
-5.130E-01
=S5.29R8E=-01
=44415E~01
=3.085E-01
-1.608€E-01
=1l.162E~02
1.351€E-01
2e779E-01
4e123E-01
S5.229E-01
S«705€-01
h.6295-01
-2.503E-03
=1.796E-01
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9.272€E-02
2+337E-02
=2.275€-01
-1.101E+00
=44197E+00
~2.55R8E+00
=1.327+00
-5.001E~-01
9.056E-13

=1.776E-15
-5.831E-02
-60049E-02
=1.336E-01
=1.912e=-01
-2+.335€-01
=2+593E-01
=2.68BE=-01
-20623E-01
=2+401E-01
-2+.016E=01
-IQQSQE-OI
=6.917E-072

2.480E-02

9.34B8E=-02
-4.907E+00
-2.579E+00
=1.334E+00
=5.074E-01

1.361F-12

~3.777E-15
S«137E-02
4.009€E-02
=1.344E-03
=3.04R8E-02
=4.430E-02
=4.898BE=-02
-4.,973E-02
=4 .B6BE=-02
-4.405E-02
=2.B45E-02
1.105E-02
T.220E-02
3.307E-02
-6.763E-01
=3.694E+00
=2.5T7TE+00
=1.393E+00
=5e362E-01
B.07RE-13

=3.38GE=-01
-3.880E-01
=4.032E-01
=3.835£-01
«3.324E-01
=2.582E-01
-1.790E-01
=1.335E-01
=1.972E=-01
=4.581E-01
=6.295E-01
=4¢559E=-01
=2+372E-01
=7.A01E-02

2.046E-01

5.036E-02
-5.810E-07
=4.432E-01
-ROQO7E-01
=1.274E+00
=1.557E+00
-10729E‘00
=1+7S7E+00
=1+749E+00
-1.601E+00
=1.344E+00
=9,A93E-01
=4.611E=-01

1.A53E-01

6.232E-01
=1.3KEBE+00
-60987E-01
=2.660E~01
=7.R23E-02

T«733E-02

1.838E-14
6.883E-15
=4.163E-15
-1.110E-14
=2.676E~14
=3.7649E-14
=4 4452E-14
-4,h24E-14
=44599E-14
'30364E-14
=1.571E-1a
=l.413E-14
=44330E-15
=1+360E-15
=2+665E-15
le776E-14
1.972E-13
le457E~13
3.793E-13
2+555E=-12

3.085E-01
1.608E-01
1.162E-02
-1.351£-01
=2779E-01
=44.123E-01
=5.229€-01
=5.705E-01
~4.629E-01
24503E-03
1.796E=-01
-l.212€-02
=2+465E=-02
=2.437E-02
=1.076E-02

2+709E-02
1.610E-01
24957€-01
3.107€-01
2¢617€-01
1.843E-01
9e713E-02
BeublE-03
-Te925E-02
-1.649E=-01
=2+445E=01
=3.055e-01
'30229E'01
-20664E'01
-1.388E-01
24739E=-02
9.047E=-02
3.505e=-02
-1.900E-03
=4.7HTE=03

l1.751E-03
2e728E-02
5.946E-02
heB1TE=02
6+0B0E=-02
4.4]15F-02
2e366E=-02
2.104E-03
-1.938E-02
=3.977E-02
=S.6]10E-02
-6.063E=02
-4.,125E=02
-5+R00E-03
=9+ 706E=02
=5.542E-02
T4519€=-02
2e412E-02
=-1.109E-02
=5.142E-03

3.780E+00
0.
0.
0.
O

1.047E-01
7.88b6E-03
1.041E+00
2e129E+00
2«RTTE+00
3.381E£+00
3¢674FE+00
3.780E+00
3.712E+00
3.472E+00
3.050E+00
2¢409E+00
1.410E+00
~44372E-01
=9.342E+00
1.266E+01
0.
0.
0.
Qe

4eR03E-01

1.061E=-01
-1.406E-01
=44736E-01
-8.036E-01
=1.068F+00
~1.237E+00
=-1.301E+00
-1.258E+00
=-1.110E+00
-8+.680E-01
=5.644FE-01
=2.845E=-01
=1599E=01
=1le064E=-01

le401E+00

0.

0.

0.

0.

-64.9776-01
=4Lao364FE=01
-4,034F=01
-44191E-01
-4,683F-01
~5.,271F=01
-5.834F=01
=6.309E-01
=6.755F=01
-1.101E+00
=4.206F+00
=2.55RF+00
-1.328F+00
-5.015F=01

2.052F=01

6.217F=02
=2.192F-01
=6.055F=01
-1.002F+00
=1.334E+00
-1.582F+00
=1.735€+00
=1.792F+00
=1.753F+00
-1.620E+00
=1.394E+00
=-1.070t+00
-60429F-01

3.706F=01

6.574F=01
-44,907F +00
-2.583F+00
=1.335F+00
=5.0747=01

Te762F~-02

1.751F=03
6e316F=-02
Be279F=02
=6HeBB4F=02
=7.792F-02
=7.154F =02
-5.H54F =02
-4.982F-02
=5,545F=-02
-64749F =02
=T7T.210E-02
6.640E-02
9.092F-02
3.406F~02
-6.899fF-01
=3.6G95E+00
=2.579F+00
=1.393t+00
=5¢364F-01
Se142¢-03

159

‘0207
=73.2
-88.7
75.2
63.9
56.9
5¢2.3
48.9
44,1
-2
=ZeY
3
1.3
3.3
~8740

665
-QSQO
'6102
-70.3
-7701
-82.2
-86.2
=89,7

87.0

H3.2

THea

T1.7

60.6
=52.4
-76.2

-l
=247
=-l.9

«3
~B6e9

4540
234
35.7
-44.7
=380
-3107
-22.0
2.4
19.3
30.5
37.9
L4l
—24e4
-9.7
HeO
'9
=-1.7
=-1.0
1.2
=45.0
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STATICS CHECK. SUMMATION OF REACTIOMS

1

3.950E+02

TIME FOR THIS PRORLEM

i

0 MINUTES 39.095 SECONDS

ELARPSED TM TIME = 0 MINUTES %2.199 SECONDS



PROGRAM SLAB 30 FINAL REPORT DECK = PANAK REVISION DATE 20 NOV 69
CHG CE 909099 CODED AND RUN 1 DEC 69 HUA FT=-KIP UNITS
HOUSTON SHIP CHANNEL STRUCTURE TWO=-WAY LIGHT=-WEIGHT DECK
PROH

202 LOAD PATTERN H2-7 FIRST INTERIOR PANELS

TABLE 1. CONTROL DATA

MULTIPLE LOAD OPTION (IF BLANK OR ZEROs PROB IS INDEPENDENT ==

IF +1s PARENT FOR NEXT PROB == [F =1y AN OFFSPRING PROB)
TABLE NUMBFR
2 3 4 5
NUM CaRDS INPUT THIS PROBLEM -0 o 21 -0
TABLE 2. CONSTANTS
NUM INCREMENTS IN X DIRECTION 19
NUM INCREMFENTS IN Y DIRECTION 38
INCR LENGTH IN x DIRECTION 2.000£+00
INCR LENGTH IN Y DIRECTION 2,000r+00
POISSONS RATIO 1.-00-~01
SLAB THICKNESS (IF BLANK OR ZEROs MAX PRINCIPAL MOMENT IS -0
COMPUTED =-= IF SPECIFIEDs MAX PRINCIPAL STRESS)
TABLE 3, SPECIFIED AREAS FOR SELECTED MOMENMT QUTPUT
PRIMT (1=YES)
FROM THRU X MOMENTS Y MOMENTS
7 5 9 20 -0 1
0 9 19 9 1 -0
0 17 19 17 1 -0
0 13 19 13 1 1
TABLE 4« LOAD DATA == REPLACES LOAD IN PREVIOUS PROBLEM arl

ALL STIFFNESS TERMS ARE RETAINED

FROM THRU 8}

0 0 16 38 =4,025c=-01
17 ¢ 17 38 =3.6U8F=-01
18 0 18 38 =3.18RF=01
19 0 19 38 =2.131F=01
19 019 38 =2.588F=01

4 9 4 9 -1.040F+01

7 9 7 9 -1.040F+01

9 9 9 9 -1.040€+01
12 9 12 9 -1.040¢7+01

4 10 4 10 =1.0407+01
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7 10 7 10 ~1.040F+01
5 10 9 10 ~1.0407+0]
12 10 12 10 ~1.040F+01
4 16 4 16 ~1.040F+01
7 16 7T 16 ~1.040F+01
3 16 9 16 -1.0407+01
12 16 12 16 -1.060F+01
4 17 & 17 -1.040-4+01
7 17 1 17 ~1.040c+01
g 17 9 17 =1,040F+01
12 17 12 17 -1.040+01



PROGRAM SLAB 30 FINAL REPORT DECK - PANAK REVISION DATE 20 NOV 69
CHG CE 909099 CODED AND RUN 1 DEC 69 #HUA FT=KIP UNITS
HOUSTON SHIP CHANNEL STRUCTURE TWO-WAY LIGHT-WEIGHT DECK

PROB (CONTD)
202 LOAD PATTERN HZ=7 FIRST INTERIOR PANELS

TABLE &, SELECTED MOMENT OUTPUT ~-= USING STIFFNESS DATA FROM PREVIOUS PROB
X MOMENT ACTS IN THE X DIRECTION (ABOUT Y AXIS)

¥ MOMENTS ONLYs BETWEEN ( 7+ 5 ) AND ( 9s 20 )
X s Y Y MOMYNT
7 5 1.8475+00
] 5 1.898r +00
9 5 1816 +00
7 A 29697 +00
a8 6 3,065¢+00
9 - 2.9397+00
7 7 4,200¢+00
R 7 4,3745+00
9 7 4417S57+00
7 3 5.,700¢+00
8 A 545587 +00
9 ] 3.6R1-+00
7 9 3.,110-+00
8 9 7.805-+00
9 9 Ra096F +0G
7 10 A 0RG7+00
8 10 5.703++00
9 10 6.063 +00
7 11 ~“he937- =01
g 11 -5.854:=01
9 11 -6hoBuh-=01
7 12 «7.384++00
8 12 =7.551+00
9 12 =7.351v+00
7 13 =1.529-+01
8 13 =1.5725+01
9 13 =1.5235+01
7 16 =7.385F+00
8 14 -7.5537+00
9 14 ~7+354F+00
7 15 -6.,963F-01]
& 15 =5.900c~01
9 15 -6.908F-01
7 16 6,063F+00
8 16 5.695F «00
9 16 6.052F+00
7 17 8.098F+00
8 17 7.789F+00
9 17 8,077 +00
7 18 S.6R0F+00
8 18 5,972 +00
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O L 0 0~ O

X MOMENTS ONi Yo

K

FlaN—=0

>0 Y N0 A

X MOMENTS ONi Yo

X

—
V= OO X ~NPJ P W=D

— et Bt et Bt
& W

L
@B» -~ T

L]

.

18
19
ls
19
20

26

Y

CW LV L L LU LLL UL L O LD OODWO

Y

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

S.651F+00
441668400
4.332F+00
4.130F+00
2.9095+00
3.0007+00
2.R72F+00

BETWEEN
X MOMENT

~7.616"=1¢
~5.792-+00
=2+49474+00
1.737--01
3.8145+00
2.1197+00C
2e4H83-+00
5.1837+00
3504 +G3§
5.167+00
2ebat-+00
2.0507+00
3.700¢ +00
-1.307-02
-2.758: +00
"600&9' *00
3,301 +00
‘1062‘%:“03
-He99--01]
?o(\‘él; -13

BETWEEN  (

X O MOMeNT

1eTal2=13
~547295+00
*20“57;+00
l.8645=-01
3,810 +00
2e094r +0G
P T +00
601(‘2"’*00
3e6629+00
S.127-+00
2.409-+00
2.0175400
3.6697+00
~4,271F=02
~2.T87F+00
-6.12&:"‘00
~-3,3325+0¢0
‘lob“‘ﬁF"Oo
~6He192F=~01

§

3

17

)

£ Nt}

AN

(

{

19

19

9

17

}

)



19 17
BOTH X
X o Y
0 13
1 13
2 13
3 13
4 13
S 13
6 13
7 13
8 13
9 13
10 13
11 13
12 13
13 13
1 13
15 13
16 13
17 13
18 13
19 13

AND Y MOMENTS,

l.747¢~13

X MOMENT

-8.B82E-16%

2.524E-01
=3.684F=01
-8.786F=01
~1.387£+00
=1.767F+00
=2.070F+00
=2.294F+00
=2.357e+00
~2.2R5F+00
-2.051F+00
-10738':‘00
=l.366F+00
=8.270F=01
=3.150F~01
-7.86“‘:-01
-1.169F‘00
~7.778F=01
-2.883F=01

he49RF=13

BETWEEN

( 0s 13)

Y MOMENT

4.998F=01

3.787E-02
=2.456F£+00
=5.857£+00
=9.247E4+00
=1.178£+01
=1.3R0E+01
=1.529£+01
=1.572E+01
=1.523€+01
=1.36KRE+01
=1.159¢£+01
=8.976E+00
=5.513F+00
=2.100€+00
-1.180E-01

3.372€-01

2.800£-01

lega75=01

4e979E-01

AND

(

19,

13 )
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PROGRAM SLAB 30 FINAL REPORT DECK
CHG CE 909099 CODED AND RUN
HOUSTON SHIP CHANNEL STRUCTURE

- PANAK REVISION DATE 20 NOV 69
1 DEC 69 HUA FT=KIP UNITS
TWO-WAY LIGHT-WEIGHT DECK

PROB (COMTD)
202 LOAD PATTERN H2=7 FIRST INTERIOR PANELS
TABLE 7., RESULTS-=USING STIFFNESS DATA FROM PREVIOUS PRORLEM 201
X MOMENT AND X TwISTING MOMENT ACT IN THE X DIECTION (ABOUT Y AXIS)»
Y TWISTING MOMENT = =X TWwISTING MOMENTs COUNTERCLOCKWISE BETA ANGLFS
ARE POSITIVE FROM X AXIS TO THE DIRECTION OF LARGEST PRINCIPAL MOMENT
X L AFGEST BETA
X Y TWwISTING SUPPORT PRINCIPAL A TO
X Y DEFL MOMENT MOMENT MOMENT REACTION MOMENT LARGFST
0 0 =3.730FE~05 OG.45HE=15 2.072E=15 =2.564E=02 4.789E=-01 2.564F-02 =-45.,0
1 0 3e252F=06 1e535E=01 22208E=15 =8B.754E=02 =2+107E-02 14932601 =-24.4
2 0 9¢475E-05 14150E-01 =5773E-15 ~1e468E-0]1 =6.140E-01 2.151F=-01 -34.3
3 0 26264E=06 34044E=02 =1e043E-14 =1+4798E-01 =1e454E+00 14978F=01 -42.3
4 0 34655t=04 =34603E-02 =1el77E-1a =1.789E-0]1 =2.368E+00 =1979F-01 42.1
S 0 4e¢946F=04 =R,517E=02 =4¢7396t=14 =1.519E-01 =3.205E+00 -2.004F-01 37.2
6 0 5.954E-04 =-1.157E-01 =2.787E-14 =1.077E-01 =3.858E+00 =1.801F=01 30.9
7 0 64579F=04 =14321E=01 =4.119E-14 =5.346E-02 =64263E+00 -1.511F-01 1945
8 0 66765E=04 =14373E=0]1 =3.053E~14 5S5¢48BlE-03 =4.384E+00 -1.375F=01 =2.3
9 0 FHetG6E=04 =14307E-01 =4.34]1E-14 ©,419E=02 =44209E+00 =1.570F=01 =22.2
10 0 567926=04 -1.043E-01 -5.040E-164 1le16BE-01 =34754E+00 -1.829F=01 =32.6
11 0 4,730E=06 =6Re242E=02 =24276F-14 1e546E=-0]1 =3.065E+00 =1.889F=01 -39,.3
12 0 3e¢460E=06 2.7B7E-03 =24233E-14 1H6RE=0]1 =2.242E+00 1.682E~01 46,8
13 0 Pel199E=-04 4,112E=03 =1e390E=14 1e573E-01 =14425E+00 1e594F-01 44,6
14 0 9e525E-05 =64214E=01 =74105E=15 2«1H0E=0]1 =6¢172F=-01 =-5.139F=01 =23.0
15 0 =16h93E=04 =2.¢61E+00 3.553E-15 24173E=01 1.097E+00 =2.282F+00 =b5.06
16 0 =leltaFE=03 =1.576E+00 3.647F=14 1.337E-01 O. =1.587F+00 =448
17 0 =2e722E-03 =Re645E=01 1.457E=13 14077E=01 0. =Be777F=01 =740
18 0 =6.659E-03 =-3.210E=-01 1.661E=13 B.168E-02 0. =3.406F=0]1 =13.5
15 0 =6eR09E=03 1e6370E-13 2+455E-12 3.196E-02 0. 3¢196£=02 45.0
0 1 4.4S3E=0A 24331E=15 1.5H8E=01 -8.922E=02 =2.832E-02 1.98RF=0] =65.48
1 1 L4 TREE=26H 1e523E=02 1620RE=07 =3.779E-0]1 =9.573E-01 391AE=0]1 =44.9
2 1l =1.048E=25 =14162E=01 =7.746E=0]1 =6.757E-01 1.048E+00 =1.197F+00 58.0
3 1 =34059€=75 =2.710c=01 =1.R07E+00 =7.9A7E=01 3.059E+00 =-2.145F+00 67.0
4 1 =4.925E=25 =64.,282E-01 =2855E+00 -7¢720E=01 4+925E+00 =3.080F+00 73.8
S 1 =6.075E=25 =5,661E=01 =3774E+00 =6.458E=01 6+47SE+00 =3.6899F+00 79.0
6 1 =7e621E=25 =64714E=0]1 =6.476E+00 =4¢546E=01 7.621E+00 =4.530F+00 H3.3
7 1 =84312E=25 =7.360F=01 =64.907E+00 =2+253E-0]1 Be312E+00 =4.919F+00 H6.9
8 1 =8.520F =25 =7,5556=0]1 =5.037E+00 2.193E=-02 R520E+00 =5.0376+00 -89.7
9 1 =Re232E=25 =7.283E=0]1 =4.R55FE+00 2.696E-0]1 B.232E+00 =-4.873F+00 =-86.3
10 1 =76455E=25 =6.551E=0]1 =4.36RE+00 4%¢990E-01 7.455E+00 =4.434F+00 =82.5
11 1l =64198F=25 =5,393E-01 =3.595E+00 6.863E-01 6.198E+00 =3.7426+00 =77.9
12 1l =64431F=25 =3.864E=01 =24576E+00 7e993E-01 4e431E+00 =2.8376+00 =-71.9
13 1 =1e948F=25 =2.,091F=01 =14394E+00 84039E-01 1.948E+00 =1.B00F£+00 -63,2
14 1 G4e750F=25 =S5.078E=02 =3385E=01 6¢952E=01 =4+4750E+00 =9.046E=-01 =50.8
15 1 =3.508E=25 =2,911E+00 =9.,468E-01 5.184E=01 7.016E+00 =3.039E+00 -13.9
16 1 =9.189E-04 =1.628E+00 =-3.A33E=-01 3506E-01 0. =1.718E+00 -14.5
17 1 =2¢350E=03 =8.632E-01 =8.579E-02 2+253E-01 0. =9.237E-01 -15.0
18 1 =44193FE=03 =3.109E-01 =5.351E-03 1.3R7E-01 0. =3+645F£=01 -21.1
19 1 =6.232E-03 1.174E-13 B.8409E-02 5S.408E-02 0. lelalE=0]1 6446
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9.890E-05
-1.008E=25
=3.460E-04
~B8+105E-04
=1.292E-073
-1.719E-03
-2+048E-03
-2+250E-03
=2+311E-03
-2+225E-03
-1.996E-03
'10639E-03
-1.182€6-03
-6.721E-04
=2.051E-04
=1.767E-25
-6.932E-04
=-1.978€£-03
=34699E£-03
=5.649E-03

2«367E=00
=3.022E-25
=B84234E-04
-1.919€E-03
=-3.054E-03
~4.062E-03
=4,839E-03
-5.319E-03
=5.465€E-03
=5.264E-03
-407?9E-03
=3.895E-073
=2.833E-03
=1.664FE=03
=5.999E=-04
=2¢836E-25
=4e434E-04
-1.563E-03
=-3.184E-03
-5.069E-03

30943E-04
=4.998E=-25
-10345E-03
-3.,128E-03
-4.9716-03
-6.,610E-03
-7.875€£-03
-8.658E-03
-8,899E-03
-8.578E-03
=7.716E-03
-6.378E-03
=4,679E-03
-2.813E-03
-1.096E-03
=3.737E=25
=-1.703E-04

24509E-14
=7.618e-01
=44259E-01
-1.891E-01
-5.201E=02
1.603E=-02
4¢541E=02
S.720E-02
6.194E-02
6.270E=-02
S.524E-02
2¢619E-02
-5,738E-02
=24793E-01
=B+951E-01
=2+769E+00
=1.811E+00
-9.608E-01
=3.452E-01
=1.286E-13

3.636E-14
=1.809€+00
=B.605E-01
-10634E-01
3.142E-01
60193E-01
8.040E-01
9.050E-01
9.375g-01
9.057e-01
B8.0076-01
5.983E-01
2e384E-01
=3.926E-01
=1.6479E+00
=3.216E+00
=2.074E+00
=1.105E+00
=44059E-01
7.029E~-13

8.074E-l4
=2.930E+00
-10344E*00
-1.,660E-01
6.621E-01
1.203E+00
1.543€£+00
1.737€+00
1., 798E+00
1.730E+00
1.520£+00
1.144E+00
S.264E-01
=4,598E-01
=1.924E+00
-3.903E+00
=2.432E+00

1.306E-01
-1.143E=-01
=4.597E=01
=9.275E-01
=1e425E+00
=1.B78E+00
=2¢235E+00
-20460E’00
=24533E+00
=2¢446E+00
=2.210E+00
=1.853E+00
=1l.424E+00
=1.007E+00
=-7.058E-01
=4.153E-01
=1.994E=-01
=T.47RE-02
-1.8B18E-02
=3.037€E=02

5.97HE=02
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9.8
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13.3
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7.9
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3.749E-04
=2.64]1E-25
-1.313E-03
=3.227E-03
=5.586E-03
-8.181E-03

7.016E-05
-1.975E=-25
=3.474E-04
=7.586E=04
-1.118€E-03
=1+.375E-03
-1.513€-03
=1.535E-03
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=1+261FE-03
=9.773E-04
=6.119E-04
-1.985F-04

1.807F-04

3.532E-04
=3.050E=25
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-3.390E-03
-5.861E-03
-8.577E-03

le274E=06
-2.837E-25
=5.455E-04
=1.206F-01
-IOROQE-01
=2.270E-013
=2e551E=071
=2e644FE=03
=2.553E-03
=2.286E=-03
=1.856E-013
=1+292E-073
=6.524F=04
-5.707E-05

2.733F-04
=-3.490F=25
=1e409E=03
=34494E-03
=6.065£-03
=-R.894F=073

1.736E-04
=34452E=25
=6.991E-0u
=1.5555-013
=2e¢354F=03
=2.980F=-03
=3.380F-01
-3.536E£-03
-304“7E-03
=3.122E-03
=2¢581E~03

=1.297E+00
=2+892E+00
=1.830E+00
=9.627€-01
=3.444E-01

8.804E-13

1.377€-16
-80547E-01
-1.931€-01
1.635E-01
3.219E-01
3.652E-01
3.536E-01
3.257€-01
2.998E-01
2 T54E=-01
2¢316€E-01
1.219€-01
=-1.359€E-01
-6.700E-01
=1.645E+00
=3.162E+00
=1.931E+00
=1.002E+00
=3.597€-01
le126E-12

-40732E-14
=1.289E+00
=3¢334E-01
2.203E-01
5.099E-01
A«373E-01
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6.688E-01
6e.404E-01
G.882E-01
4eR672E=01
2.818E-01
=-1.079E-01
=7.933E-01
=1.894E+00
=3.486E+00
=2.075E+00
=1.065E+00
=3.845E-01
1.020E-12

l1.968E-146
=1.620E+00
-4e543E~01
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6.372E-01
B«309E-01
9.085E-01
9.209F=01
8.917E-01
8.184F=01
6.728E-01

=5.650E=01
=4.337€E-01
=1.244E-01
1.321E-02
6.924E=-02
1.177€+00

8.575£-03
-1.282E=-01
=7.742E-03
Se714E=02
Te427E=02
5.833E-02
2.517€-02
=1.197E-07
=4.527€E-02
=Te404E-07
=1.049E=-01
=1.499E-01
=2.204E-01
=3.150E-01
=4,075E-01
=4e743E-01
-1.A15€-01
=2+349E-07
Se342E-02
1.161E+00

=3.353E-02
-1.933€-01
Be408BE=-02
3.276E=01
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6.522E=01
Te294F=01
7.539E-01
Te?296E=01
6.572E'01
5¢376E-01
3.714E-01
1¢651E=-01
=6.556E-02
=2.975E=01
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=7+531E-01
=7.505E-02
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1.050E+00

=5.8B06E-02
=2.430E-01
1.292E-01
4.819E-01
7.809E-01
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1.155E+00
1.219E+00
1.202E+00
1.105€£+00
9.342E-01

9.414E-02
=1.714E=-01
=2+.427E-01
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=1.590E-01
=6+556E=-02

=7.487E~-02
=3.373E-01
=5.931€-01
=6.46GE=01
-5.798E-01
=4.420E=01
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=7.382E-02
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3.060E-01
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5.893E-01
4.879E-01
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=1+629E=-01
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=6.314E=-02
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=2.981E-01
=5.219E-01
=5.789E-01
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=2+¢593E-01
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9.100E-02
2¢586E-01
4¢002E-01
4e951E-01
5.193E=-01
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2¢998E-01
TeuczBE=02
=1.035E-01
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0.
0.
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0.
0.
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0.
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=1.008€E+00
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1.181€+00

7.928F-02
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7.594F=01
7.909E-01
6.796E-01
5.023r-01
3.411F-01
3.381F-01
4.530E-01
5.568F=01
=5.998F-01
-70689F-01
=1.0126+00
=1.700F+00
=3.162F+00
=1e947F+00
=1.036F+00
=4.080F=-01
1.165¢£+00

-84759F-02
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-6.868F-01
84553F=-01
1.043F+00
1.058F +00
9+.629F=01
Be075F-01
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-35.0
-11.6

S.3
10.3
17.9
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25.5
-5301
-50.4
=53.2
-6l.1
-76,8
30.9
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=3.593E=-25
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=1.809E+00
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9.351E-01
1.038E+00
1.063E+00
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9.521E-01
7.836E-01
4e741E=01
=5.673E-02
=9.063E-01
=2.174E+00
=3.950€E+00
=2.325E+00
=1.189E+00
=4.372E-01
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=1.836E+00
=5.427€-01
2+492E=-01
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1.055E+00
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9.818E~-01
8.138E-01
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=2.206E+00
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=6.996E-02
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1.442E+00
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8.629E-01
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=3.549E-01
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7.041E-01
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=2.754E-01
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S.715£-01
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1.219E+00
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5.451E=-01
1.639€~01
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-3.702E-01
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=6.424E-02
=2.545E-01
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50272E-01
84553E-01
1.108E+00
1.275E+00
1.355€+00

34439E-01
3.688E-01
3.360€=-01
24403E=-01
7.788E-02
=6.672E-02
=1.150E-01
=1.072E-01
=4.684E-02

=2.022E-02
=B8+583E-02
=1.517€-01
=1.741E-01
=1.669E=01
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-8.438E£-02
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4.565€-02
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84080E~02
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1.240E-02
~l.47]1E-02
~3.8256~-02
=5.621E-02
~6.597E-02
=be.403E-02
~4.R12E~-02
=2¢236E-02
=2.907E=-03
-1.066E-02
~3.974E-02
=5.943E=-02
-5.733E-02
~2.524E-02

4.099E-02
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3.004E-01
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2.894E-01
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0.
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0.
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3.816E+00
0.
0.
0.
0.
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O
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4.045E+00
0.
0.
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0.
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9.231€-01
6.067E~01
=9.756€-01
=2.100E+00
=3.766E+00
=2.219€E+00
=1.145€E+00
-4.386E-01
8.875€-01

=7.539E-02
-1.813E+00
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1.461F+00
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=9.318€£=01
-2.183€+00
-3.951E+00
-2.326F+00
-1.196E+00
=4.526E-01
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=7.371F-02
-1.837E+00
=-5.512E-01
5.907F~01
9.526F~01
1.224F+00
1.409F+00
l.499E+00
1.491E+00
1.386F+00
1.1876+00
9.017F-01
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=9.033F~-01
=2.206E+00
-4,029E+00
=2.390E+00
=1.234E+00
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1.355E£+00
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=3.771E-03
=3.454E-03
=2+899E-03
=2+144E-03
-1.268E-03
=4 194E=04

le417E-04
=3.960E-25
=1+443E-03
=-3.669E-03
~6+461E-03
=9.561E-03

le422E-04
=3.050E=25
=5.962E-04
=1.328E-03
-2.016E-03
=2+566E-03
“2+930E-03
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=3.045F=03
=2+792E-03
=2+345E-03
=-1.730€-03
~1.006F-03
=2+.933E-00

l.78lE-00
-3.786F=25
=1.455E-03
=3.695E-N3
=6.509E-03
=9.635£-03
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=2.214E-25
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-8.918E-04
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=14712F-03
=1.352F-03
-2+058E-03
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=6.498F-04
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1.995E-04
=3.676E=25
=l.462E-03
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=2.023E-01
1.255E-01
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=3.892E+00
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=3.643E-01
-1.784E-01
=4.923E-02
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=2.005E-01
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=2.069E-01
=1.166E-01
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1.00/E+00
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6.560F=01
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4o Q4SE-27
=1.035E=-25
-2.208E-25
=3.062E-25
=3.669E-25
=4.047E-2S
=4.2]10E=25
=4.166E=-75
-3.916E=25
=3.452E-25
-207“3E-25
-10665E-?S

2.376E-26

8.875E-25
-64015F-25
-1.489E-03
=3.765E-03
=-6.613E-03
=9.774E-03

=3.741E-0S
=1e454E=-05
2.857E-05
8¢ T44E=05
le471E=04
1.966E-04
2¢301E-04
2.450E-04
2.406E-04
2.170F=04
le758E=-04
1.226E=-04
7.094E-05
4e14T7E-05
2+316E-05
-2.080E-04
-1.608E-03
=3.824E-03
-6.650E-03
-9.811E-03

9.145E=-02
9.191E-02
8.980E-02
9.130E=-02
9.642E-02
9.893E-02
B8e322E-02
1.046E-02
=2.386E-01
=1.084E+00
~44049E+00
=2.480E+00
=1.287E+00
-4.821E-01
8¢ 776E-13

=2+387E-15
=S.145E-02
-7.105E-02
-1l.465E=-01
-2.138E-01
=2.656E-01
=2.993€-01
=3.142-01
=3.100€-01
=2.868E-01
=2.443E-01
-1.816E-01
-9,754E=-02

4oe318E=-03

R.099E=-02
-4,686E+00
-20“72E‘00
=1.277€+00
-4.816E-01

1.490E-12

=3.843E-15
6.102€6-02
4o TUHE=Q2
2.470E-03
=3.074F=02
-4,828E-02
=5.581€£-02
=5.833E-02
=5.790E=-02
-5.287€E=-02
-3.615E-02
4+553E-03
6.688BE-02
3.362E=-02
-6.412E-01
=3.524E+00
=2.457E+00
=1.323E+00
-5.038E-01
9.755€-13

=~4.977E-01
=S.795E=01
=6¢166E-01
=6.056E=01
=S5«490E~01
=4 eSS4LE=~01
=3.44T7E=-01
=2.576E-01
=2.718E-01
=4+775E-01
=6.074E-01
=4.317E-01
=2.255E-01
=7 «845E-02

8.056E-02

6.066E-02
=5.154E-02
=44.737E-01
=9.766E-01
=1.425E+00
=1.771E+00
=1.996E+00
=2.095E+00
=2.067E+00
=1.912E£+400
=1.628E+00
=1.211E+00
-6.503E-01

2.879E-02

5.399E-01
=1.330E+00
-6¢603E=-01
=2.48B7E-01
=T7+377£-02

3.198E-02

1.902E-14
9.770E-15
=6e6H89E-]1S
-1.190E-14
=3.464FE-14
=5.160E-14
=2.88B7E-14
=5.296E-14
=4 .,S64bFE=14
=2.592E-14
=2.406E=14
=l.664E-14
=9.326E-15
=5.163E-15
=4.885E-15
2.132E-14
1.972E-13
2.780E-l3
1e9548E-13
2+581E-12

3.948E-01

2.269E-01

4.977E=-02
=-1.288E=01
-3.036E-01
=4+665E-01
=5+989E-01
=6.594E-01
=5.563€£-01
=9+339E~-02

1.130E-01
-3.085€E=-02
=1.961E-02
=l.112E-02
=4.175€£-03

3.2Q4E-02
1.813E-01
3.316E-01
3.575E=01
3.117€-01
24299E-01
1.323g-01
ZOBQSE-OZ
=7.554E=-02
~1.781E-01
=2.726E-01
=3.452E-01
-30697E-01
=3.155E-01
=1.844E-01
=-9.224E-03
T.076E-02
3.372E-02
5.237E-03
=7.820E-04

3.988E-03
3.294E-02
6. 776E=02
7.8B93E-02
Te234E-02
5.“7“E-02
3.187E=-02
6.925E-03
=1.846E=-02
—4.2B1E-02
=6.27T4E-02
=7.035E-02
=5.362E=02
=1.975E=02
=1.054E-01
=-6+385E-02
6¢514E-02
2.2643E-02
=7.912E-03
=3.370E-03

0.
0.
O
0.
0.
0.
0.
0.
0.
0.
3.587E+00
0.
0.
0.
0.

9.228E-02
-8.090E-02
1.035E+00
2.208E+00
3.062E+00
3.669E+00
4¢047E+00
4.210E+00
4.166E+00
3¢916E+00
3.452E+00
2¢T43E+00
1.665E+00
=2.376E-01
=B8.875E+00
1.203E+01
0.
0.
0.
0.

4.804E-01
9.425E=-02
=1eKS2E-01
=5.666E-01
=9.534F=01
=1e274E+00
=1.491E+00
=1.588BE+00
=1.559E+00
=1.406E+00
=1.139E+00
=7.945E-01
=4 e¢59T7E-01
=2¢687E-01
=1.501£=01
1.348E+00
0.

O

O

0.

-6.9576-01
=6.,490E-01
-6s201FE-01
=6.287E=01
-6.694E=-01
-7.209E-01
-7.6686=-01
=7.965E=01
=8.117F=01
=-1.098F+00
-4+053F+00
-ZQQBOE’OO
-1.288F+00
-QQBZQE-OI

B«078E=02

7.511F=02
=2¢328F-01
-5.603E-01
-l.lOQF‘OO
=1.501F+00
=1.805E+00
=2.006F+00
=2.095€+00
-2.070€+00
-1.931F+00
-1.680F+00
=1.316F+00
-8.355F=01

3.323F=01

6.048E-01
-4.686F’00
-2+4T4F+00
=1.278F+00
=4.816F=01

3.200F-02

3.988E-03
TeS41F-02
9.552F=02
B8.018F=02
=8.933F=02
=8.397€-02
=7.027F=-02
=54914E=02
=6e¢329E=02
=T.675E=02
=8.337F=02
T.267E-02
9.663E-02
4e27SE-02
-5.581F=01
=3.525E£+00
=2.459F+00
=14324F+00
=5.039E=01
3.370£-03
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-63.4
=73.0
=-86.0
79.9
b8.4
60.“
S4.8
50.7
45.9
8.6
-1.9
9
l.1
1.6
-87.0

66.3
=-45.0
-60.6
-69.6
-7604
-8105
-85.6
=39.1

87.5

843.8

79.2

73.1

63.4
=46,.1
-70.6

2
=2.2
=1.9

-7
-BBet

4540
23.6
35.3
44,6
=39.0
=-33.1
=24,.,4
-be7
16.3
29.2
37.0
=444
=-29.0
=24.8
9.1
l.o
=1.5
-1.0
«9
=45,0
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STATICS CHECK. SUMMATION OF REACTIONS

"

4.782E+02

TIME FOR THIS PRORLEM

0 MINUTES 23.364 SECONDS

ELAPSED TM TIME = 1 MINUTES 15.563 SECONDS



PROGRAM
CHG CE 909

PROB
203

TABLE 1.

SLAB 30

099

LOAD PATTERN M1-10

CONTROL DATA

MULTIPLE LOAD OPTION

FINAL REPORT DECK
CODED AND RUN
HOUSTON SHIP CHANNEL STRUCTURE

(IF BLANK OR ZERO.»

= PANAK
1 DEC 69 HUA :
TWO-WAY LIGHT-WEIGHT DECK

REVISION DATE 20 NOV 69
FT=KIP UNITS

FIRST INTERIOR PANELS

PROB IS INDEPENDENT =-- =0

IF ¢ls PARENT FOR NEXT PROB == IF =1ls AN OFFSPRING PROB)
TABLE NUMBER
7 3 4 S
NUM CARDS INPUT THIS PROBLEM 1 2 30 0
TABLE 2. CONSTANTS
NUM INCREMENTS IN x DIRECTION 16
NUM INCREMENTS IN Y DIRECTION 33
INCR LENGTH IN x DIRECTION 2.000-5+00
INCR LENGTH IN Y DIRECTION 2.000++00
POISSONS RATIN 1.500+-01
SLAB THICKNESS (IF BLANK OR ZERO+ MAX PRINCIPAL MOMENT IS =0
COMPUTED == IF SPECIFIEDe. MAX PRINCIPAL STRESS)
TABLE 3, SPECIFIEN AREAS FOR SELECTEN MOMENT OUTPUT
PRINT (1=YFS)
FROM THRU X MOMFENTS Y MOMENTS
6 15 8 30 -0 1
4 2311 23 1 -0
TABLE s, STIFFNESS AND LOAD DATA
FROM THRU DX DY S
0 0 14 30 1.233E+04 1,2336+04 =-0. -0. =0
0 31 14 31 R.883E+03 B8,.,883F+03 -0. =0. =0
0 32 14 32 6.1386£+03 6.138E+03 -0, =0. -0
0 33 14 33 4,028E+03 4,.,028E+03 =0. =0. =0
0 33 14 33 5S.453E+04 =0. ~0. =0, =0
1 1 14 30 -0. -0. =0. =0. 1«04RE+04
1 31 14 31 -0. =0. =0 =0 9.017€£+03
1 32 14 32 =-0. -0 =0. =0. 6+3836£+03
1 33 14 33 -0. =0. -0. =0, 4+320E+03
1 2913 29 -0. -0. =0. 1.000E+25 =0.
1 1513 15 -0. -0, =0. 1.000F+25 =0»
1 1 13 1 =-0. -0 =-0. 1.000F+2% =0
13 1 13 29 -0. -0, -0. 1.000F +25 =0
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1 1 1 29
1] 0 14 0
14 0 la 29
1] 0 0 29
0 0 14 30
0 31 14 31
0 32 14 232
0 33 14 33
0 33 14 33
6 18 6 18
8 18 8 1s
6 21 6 21
8 21 8 21
6 23 6 23
8 23 8 23
6 26 6 26
8 26 8 26

TABLE

FROM

-0
0
“0a
-0
-0
-0
-0.
=0
=0
-0.
—0.
-0‘
=0
=0.
Ll
-O.
=0

“0e
-0.
=0
-0
=0
=0
=0,
“0e
=0
‘0.
-0
“0.
=0
-0
-0
-0
~0

Se AXIAL TrRuST DATA

THRU

NON®

-0.

-0.

-0.

—0.

=44025E-01
’30603:'01
=3.188r=0]
=7+131F=01
25885 =01
~1e560r+01
~1e560F+01
=1e560F+01
-1.560F+01
~1+560F+01
=1+5606+01
~1+560F+01]
~14560¥+01

1.000€+25
6.360F+03
6+.440E+03
644RB0F+03

-0

-o.

-0

-0.

=0

'00

-0

=0

-0

=0e

“0e

-0

=0

-Q.
-0
-0
-0
-0
-0
“0a
-0
-0
-0
-0
-0
-0
-0
-0
-(y
-0



PROGRAM SLAB 30 FINAL REPORT DECK = PANAK REVISION DATE 20 NOV 69
CHG CE 909099 CODED AND RUN 1 DEC 69 HUA FT-KIP UNITS
HOUSTON SHIP CHANNEL STRUCTURE TWO-WAY LIGHT-WEIGHT DECK

PROB (CONTD)
203 LOAD PATTERN M1-10 FIRST INTERIOR PANELS

TABLE 6., SELECTED MOMENT OUTPUT
X MOMENT ACTS IN THE X DIRECTION (ABOUT Y AXIS)

Y MOMENTS ONLYs BETWEEN ( 6+ 15 ) aND ( Rs 30 )
X o Y Y MOMENT
6 15 ~1.0645¢+01
7 15 -1.103F+01
A 15 -1.045r401
6 16 ~-44,795F+00
7 16 -4.975F+00
8 16 -4.795F+00
6 17 -1.2937-01
7 17 4,625F=02
8 17  =1.2935-01
6 18 5.502+00
7 18 4,8885+00
B 18 5.502¢+00
6 19 4.33954+00
7 19 4,8077+00
X 19 4,3397+00
6 20 5.433¢+00
7 20 549665 +00
R 20 5.433¢400
6 21 9.132F+00
7 21 8.7675400
A21 9.132¢+00
6 22 7.209+00
7 22 7.9235+00
8 22 7.209¢+00
6 23 9,192+ +00
7 23 8.8315+00
5 23 9.192F+00
6 24 5.571F+00
7 24 641115400
8 24 5.571F+00
6 25 4.5R95+00
7 25 5.070F+00
3 25 4,589 +00
6 26 5.9235+00
7 26 5,3265+00
8 26 5.923F+00
6 27 546295 =01
7 21 7.455F=01
8 27 5.429F-01
6 28 =3.762F+00
i

28 =3.903F+00
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X MOMENTS ONLY,

P o

L "D Nt

X

[k~ o3 SRS Ie R0 3 -]

s

«3.TOR2F+00
~BeQ14F+0
“9.430F+00
-8.914F+00
~-4,331F+00
=5.203F+00
-4,9315+00

BETWEEN
X MOMENT

2+6457+00
6.9197+00
1.2587+01
1.125F+01
1.,2587+01
64919+ +00
2.645-+00
-10“78"*00

4y 23 )

£ND

¢

11s 23 )



PROGRAM

SLAB 30

CHG CE 909099

PROB
203

TABLE 7.

>
-

—
COVXXT~NOUHF WNmO

11

D ~NOCN S WNN—O

(CONTD)
LOAD PATTERN M1-10

-

COOODO0OO0OO0O0ODOCDOOOO0O OO O0O

et bt ot et Gt ot ot ot Gt Gt ot ot ot et ot

NN

RESULTS

X MOMENT AND X TWISTING MOMENT ACT IN THE X DIRECTION
COUNTERCLOCKWISE BETA ANGLES

FINAL REPORT DECK
CODED AND RUN
HOUSTON SHIP CHANNEL STRUCTURE

Y TWISTING MOMENT

DEFL

=3.,740E-0S
=1.379E-05S
3.130E-05
9.278E-05
1.548E-04
2.052E-04
2.374E-04
2.484F-04
2¢374E-04
20052E-04
l1.548E=04
9.,278E-05
3.130E-05
=1.379E-05
=3.740E-05

=1.399E-05

Se604E=27
-1.037E=-25
=2.2640E-25
=3.123E-25
=3.T744E=25
=4+112FE=25
=4.234E-25
=4.112E=25
=3.744E=-25
-3.123E-25
=2.240E-25
-1.037€E=-25

S.604E=-27
-1.399E-05

3.048E-05
-1.042€E-25
-1.880E-06
=4, 177E-04
=6.295E-04
=7.936E-04
-8.959E-04
~9.306E-04
-8.959E-04

X
MOMENT

4.061E-15
6e471E-02
4e941E-02
1¢479E-03
-3.481E-02
-5.,486E-02
-6+388E=-02
=-6.637€-02
-6.388E-02
-5.486E-02
=3.481E=02
1.479€E-03
4.941E-02
6e47T1E=02
-8.104E-16

1.610E-15
=4 4949E-02
=7.245E-02
=1.502E-01
-2.195E=-01
-2.721E-01
=3.045FE=-01
=3.154E-01
=3.045€E-01
-2.721E-01
-2.195E-01
=1.502E-01
=7.245E=02
~44949E-02
=-5.551€£-17

-5.829E-15
-4,855£-01
=1.474E-01
1.342E-02
R.190E-02
1.059€E-01
1.117€=01
1.123E-01
l1+117E-01

- PANAK
1 DEC 69
TWO-wWAY LIGHT=-WEIGHT DECK

HUA

FT-KIP

FIRST INTERIOR PANELS

=X TWISTING MOMENT .
ARE POSITIVE FROM X AXIS TO THE DIRECTION OF LARGEST PRINCIPAL MOMENT

Y
MOMENT

9.358E-16

le166E-15
=2+415E-15
-3c476E'15
-1.071E-14
-lcOQQE-lQ
=1l.849E~-14
=1.5%4E~-14
-l1.821E-14
=5.607E-15
=7.216E=15
=-3.A77E-15
-1.582E-15

4.996E-16

3.309€~-15

6+.342E-02
=44R97E-02
=4.830E-01
=1.002E+00
=1.463E+00
-l.%l#E*OO
=2+030E+00
=2.103E+00
=2«030E+00
=1.R14E+00
-1.463E+00
=1.002E+00
~4.A30E-01
-44897€E=02

6.342E-02

4.701E-02
-7.283E-02
-1.437€=01
-2.710E-01
-4,126E=01
~5¢345E=01
-6.151E=01
-64631F=01
-6.151E-01

X
TWISTING
MOMENT

~4.742E~-03
=3.503E-02
=7.083E-02
=Be224E-02
-70454E-02
-5.460E-02
=2.850E-02
=6.590E-14
2.850E-02
S.460E-02
Te454E=02
8.224E-02
7.083E-02
3.503E-02
4.742E-03

=3.466E-02
-l.881E£-01
-30434E-01
=3.701E-01
=3.198E-01
=2.286E-01
-1.180E-01
-20954E-13
1.180E-01
2.286E-01
3.198E-01
3.701E-01
30434E-01
1.881£-01
3.466E=-02

=6.953E=-02
=3.412E-01
=-6.066E-01
=~6e444E=-01
=5.527E-01
-30940E-01
=2.032E-01
'40999E-13

2.032E-01

SUPPORT
REACTION

4+802E-01

8.770E=-02
=1+990E-01
=S5.901E-01
-9.842E-01
=1.305E+00
=1.510E+00
-1.580E+00
-1.510E+00
=-1.305€E+00
=9.842E~01
-5.901£-01
-1.990€-01

R.770E-02

4.802E-01

9.062E-02
-l.121E-01
1.037E+00
2240E+00
3.123E+00
3.744E+00
4e112E+00
4e234E+00
4e112E+00
3.744E4+00
3.123E+00
2¢240E+00
1.037E+00
-1.121E-01
9.062E~-02

=1.975€E-01
1.042E+00
0.
0.
0.
Q.
0.
0o
0.

REVISION DATE 20 NOV 69

UNITS

(ABOUT Y

L ARGEST
PRINCIPAL
MOMENT

GeT742E-03
B.004E=-02
9.972E-02
Be298E-02
=9+395E=-02
-8.854E-02
=7.475F=02
-6.637F=02
=T.475£=02
-B.B854F=02
=9.395E=02
B.298E=-02
9.972E-02
8.004F=-02
4. 742E-03

7.869E=-02
=24373E-01
-6.778E=-01
=1.140E+00
=1.541F+00
-108Q7E’00
=2.038E+00
-2.103F+00
~2.03BE+00
-10847E’00
=1.541F£+00
-1.140F+00
-6.778E-01
=2.373F=01

7.B69E=-02

9.691F=02
-6.779E-01
=7.521F=01
=7.886£~01
=7.70R8F=01
=7.220E-01
-6.681F=01
=6.431F=01
~6.681E-01

185

AXIS) s

BETA
X 70
LARGEST

=-45,0
=23.6
=-35.4
44,7
38.4
31.7
20.9
o0
-2009
-3107
-3804
44,7
35.4
23.6
45.0

-66.2
45.0
60.a
69,5
76e4
81.7
86.1
50.0

-86,1

-6l1.7

-760Q

‘69.5

-60.4

-QScO
66.2

‘5“03
29.4
44,9
Sle.2
57.0
6446
75.4
90.0

=7S5.4
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=7.936E-04
=6.295E=04
~4e177E=04
=1.880E~04
=1.042E-25

3.048E-05

9.054E~05
=2+250E-25
~44]163E~04
=9+ 260E-04
-1.400F-03
=1.770E-03
-2.002E-03
=2+080E~-03
~2.002E-03
=1.770€-03
-1.400E£-03
=G+ 260E~04
-4.163E-04
=2+250F=25

G.054E~05

1+4499E~04
=3.131E=25
=64234E=04
-1.,391E-03
=2.110E~03
=2.675E=-03
=-3.030E-03
=3.150E-03
=3.030F-03
=2.675F=03
=2+110E-03
=1.391E-03
=6e234E-04
=34131E-25

1.499E~04

l.960E~04
=3.733E-25
=7.771E=04
=1.738E-03
“2+643FE-03
=3.355E-03
~3.805E-03
~3.958E=-03
~3.805E-03
=3.35%E-03
=2+643E-03
=1+738E~03
=T7e771E=04
~3.733€=-25

1l.960E~04

2e215E-04
-4.054€‘25
“B.609E~04
~1e027F-03
=2+932E-073

1.059€E=01
R.190E~02
1+342E~02
=1e474E~0Q]
-4 4 B855E~01
4s163E~16

-2+ 2T4E~1S
=1.004E+00
~2.782E~01
1.302€E~01
3.491E~01
4+589E~01
5.077€-01
Se213E~01
5.077E~01
4+589€-01
3+491E~01
1.302€=01
-2.782E-01
«~14004E+00
2.005E~]4

=4+580E~15
~1e460E+00
by 194E=-01
2.034E-01
5.5906~01
Te493E~01
Re395E~01
8.656E-01
R,395E-01
70“935‘01
5.590E~01
2« 034E~01
~4e104E~01
~1e460E+00
~“9.076E~15

1.116E~14
~1e791E+00
~5+337E-01
2+454E~01
7.038E~01
9.557E~01
1.078E+00
1+114E+00
1 07RE+ 0O
9e557E~01
7+03RE-01
2.454E~01
~Se337E~01
~1eTH1E+Q0
lel10E~15

~2e8l4E~14
~1.97T1E+QO
~5+962E~01
2.6K2E-01
Te8B22E~01

=5+345E=01
~hse126E-01
-2¢T10E=01
~1e437€E~01
~7«283E-02

4e701E=02

-Z2+137E-03
=1+506E-01
2«223E~02
1.504E-01
2+345E-01
2eB42E~01
3.096E-01
3.173E~01
3.096£-01
2eB42E-01
2+345E~01
1504E~01
2+223E~02
=1.506E-01
~2+137E-03

~4.003E-07
~2«189E~01
9+811E~02
3.861E~01
- 64193E-01
T+RTTE=Q1
B4BHTE~0]
9,222E-01
B.B87E-01
T«8778~01
6.193E-01
3.861E=-01
9«R11E-07
~P«1K9E-01
-4.003E~-0?

~64176E-02
=-2+68TE-01
1.304E=01
S«123E-01
ReIABE~01
1.080E+00
1230€£+00
1.2B0E+00
1.230E+00
1.080£+00
Be366£-01
S«123E-01
1.304£-01
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-6s176E=07
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“2e956E-01
l1+440E-01
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~Te964E-02
=3.634E=-01
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-6+ 8B46E-01
=5+346E-01
—4.278E-01
~2+219E-01
=Se272E-13
24219E-01
4«278E-01
5¢946E-01
6e846E-01
6+374E=01
3.634E-01
7e364E-02

=7+003E=02
-“3.054E-01
=5.317e-01
-5«775E=01
-5-068E-01
=3.673E~01
~1.913E-01
~4o727E-13
1.913€E~01
3+673E~01
S5+068E-01
5+ 775E~01
5317E-01
30054E'01
7.003E-02

-4 T45E~02
=2.025E~01
~3«510E-01
-3.830E=01
=3.371E~01
=2« 446E-01
=14274E-01
-1.818E~13
1.274E-01
2eGOGbE~(D]
3.371E-01
3.R30E-01
3.510E-01
2+025E-01
4o T4SE-Q2

~l«807E-02
=7.692E-02
=1+31BE-01
~le407E~01
-1.205E-01

1.042E+00
=1+975E~01

=S5+B67E~01
2¢250E+00
Qe
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O
O
Oe
0.
0.
0.
0
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2¢250E+00
=5«867E~01

~G+713E~01
3+131E+00
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0.
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~1+270E+00
3¢733E+00
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O
0.
0.
0.
0.
0.
0.
Oe
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0.
3.733E+00
=1270E+00

~1+436E£+00
4.054E+00
O«
O«
0.

~7e2206=01
-7« T08E~01
~T.886E~01
=74521F-01
-6 7T79€=01

94691£-02

-8.072E-02
~1+13R8E+00
-T+829F=01
8.250F-01
B.892F~01
8.0826-01
6517601
5.213€~01
6.5176=01
8.082E~01
BeHBIZE~O1
8.250F~01
~T«B29F=01
~1e13R8F+00
-8.072F~02

~9.2B5€~02
=1.531€+00
~7+520F=01
8.7956~01
1.097F+00
1.136F+00
1.0576+00
9.222F~01
1.057¢+00
1.136F+00
1.097F+00
B+ 795F~01
~Te520F-01
~1.531E+00
~3+28B5F~=02

-8 T49F~-02
~1.818F+00
6o BGBE=01
TeB4uE=01
1.114F+00
1.270F+00
1.302F+00
1.280F+00
1.302E+00
1.270£+00
1.114F+00
TeBG4E=01
=6.848E-01
-~1.818E+00
-feT4QE=-02

=Te624E-02
=1+974F+00
-6+ 189E-01
6+.281E=01
1.009E+00

-64o b
-57-0
-51.2
-l o9
-29.4
543

4544
20.2
38.4
”“5.4
4242
~3G9,2
=33.0
~-e0
33.0
39.2
4242
45,4
=-38.4
-20.2
-QSOQ

53.0
13.1
32.0
4945
=-46,7
‘“6.5
-“817
-90.0
4Be7
46.5
467
4Ge5
=-3240
=-13.1
-53.0

61.5
Tets
23.3
=54,.,6
=50.6
-52-1
-60.’“
-90-0
60.“
52.1
50.6
5“.6
-23.3
=Tets
=6l.5

T6e7
246
9.8

-68.?
=62.0
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=3.725€E-03
=44.225€E-03
=4.4.395€£-03
=4+225€E-03
=3.725€-03
=2+932E-03
=1.927€£-03
-8.609E-04
=4.054E-25

2.215E-04

2.232E=04
=4.091E-25
=R.673E~-04
=1.93%9E-03
=2+947E-03
«3,741E-03
-4 240E-03
=46,409E-03
~4.240E-03
=3.741€£=-03
-2.947€-03
=1.939E-03
=R«673FE-04
-4.091E-25
2+232E-046

2.002F-04
-3.844E'25
=7.941E-04
=1.769€=03
-2.679E-03
-3.389¢£-03
-3.833E£-03
=3.983£-03
-3.833E-03
=3.389€£-03
=2.679E=03
=1.769€£-03
=T.941F-04
=3.844F-25

2.002E-04

1.537E=-04
-3.310E-25
=6.b46E-00
=1.425F=-03
-2.139€-03
=2.686E£=03
-3.022F-03
-3.135€-03
=3.022£-03
=2.686E-03
=2.136F=-03
-1.425€-123
=6 446E-04
=3.310F=25

1.537E=-06

3.801€£-05

1.067E+00
1.20SE+00
1.245E+00
1.205E+00
1.067E+00
T.822E-01
2.6826-01
=5.962E-01
=1.971E+00
-4.552E-15

S.506E~-14
=1.985E+00
~5.937E-01

2.79“6-01

TeS949E=01

1.076E+00

1.210E+00
1.249E+00
1.210E+00
1.076E+00
7.949€-01
2¢794F=01
=5.937€e-01
-=1.985€£+00
2.243E~14

-4,563E-146
=1.831E+00
=5.223E-01
2.817€E-01
7.“21E-01
9.R824E-01
1.091F£+00
1.121E+00
1.091E+00
9.824E-01
T.421E-01
2.817E=01
-5.223E-01
-1.831E+00
1.682E-14

-5.218E-15
=1.513E+00
-3.875E-01
2.725E-01
6.239€-01
T.862E-01
Be6T2E-01
B.613E-01
8.472€~-01
T.8626-01
h«239E-01
2.725g=01
=3.875€-01
=1.513E+00
-6.051E-15

=1.393E~146

1.228E+00
1.405€£+00
1.464E+00
1.405E£+00
1.228E+00
9e448E-01
S«731E-01
l.640E-01
=2+956E-01
=7.195E=-02

=7.452E-07
=2.978E-01
1.504E-01
S«904E=01
9.738E-01
1.26RE+00
1.452E+00
1.514E+00
1.452£+00
1.26R8E+00
9.738E£-01
S.QOQE-OI
1.504E-01
=2.978E-01
=7.452E-02

=7.053E=07
-2.T46E-01
I.SIQE-OI
5.680&-01
9.289E-01
1.205E+00
1.378E+00
1.6437E+00
1.378E+00
1.205E+00
9.289E-01
S.A80E-01
1.519E-01
=2 7“6E-01
=7.053%E=-02

=5.812E-02
-?0269E-01
l.420E-01
44930E-01
7.916E-01
1.017€£+00
1.158E+00
1.20S8E+00
1.15H4E+00
1.017E+00
7.316E-01
44930E-01
1.420E-01
=2.269E-01
-5.812E-02

=3.25RE=02

-8.515E-02
~4e¢349E=02
9.090E-14
44349E~02
8.515E-02
1.205E-01
1.407E-01
1.318€-01
T.692E-02
1.807E-02

1e401E-02
S.772E-02
1.033E-01
1.222E-01
1¢171E-01
9.135E-02
4.996E-02
le454F-13
-4 +.996E=-02
-9.135%-02
-l.171£-01
=1.222€-01
-1.033E-01
=5.772e=-02
-1l.401E-02

4.578E-02
1.914E-01
3.368E-01
3.836E-01
3.540F-01
20679E-01
1-437E-01
3.272E-13
=1.437E-01
=2+6T79E-01
=3.540E-01
=3.836E-01
=3+36K8E-01
-1.914E-01
=4sSTHRE=02

7.410E-02
3.129€-01
S.QQQE-OI
6.195E-01
5.669E-01
4.265E-01
2279E-~01
Se454E-13
=2.279E-Q1
=4,265E-01
-5.669E-01
=6.195E-01
=54494E~-01
=3.129€-01

0.

0.

0.

0.

0.

0

0.

0.

4.054E+00
=1.436E+00

=1.447E+00
4.091E+00
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
Qe
4.091E+00
=1.44T7E-00

=1.297E:00
3.844E+00
0.
Oe
0.
0.
0.
Qe
0.
Oe
0.
0.
0.
3.844E+00
=1.297E+00

-9.963E-01
3.310E+00
0.

0.
0.
0o
0«
0.
0.
0.
0.
0.
O
3.310E+00

1.265E+00
1.414F+00
1.464E+00
1.414E+00
1.265F+00
1.009E+00
6.281£-01
-6.189€-01
=1.974E+00
=T.624E-02

=7.707F-02
-1.987F‘00
=6.077£-01
6.327F-01
1.032F+00
1.304F+00
1.6626+00
1.514E+00
1.462F+00
1.304F+00
1.032F+00
6¢327¢-01
-6.077F=01
~1.9876+00
=7.707F=-02

=9.305F-02
=1.854F+00
-6.617¢-01
Be343F=01
1.202F+00
1.384F+00
1.437++00
14437F+00
l.4376+00
1.384F+00
1.202F+00
Be343F=01
=6.5617F-01
-I.BSQF’OO
-9.305F-02

-1.086F-01
=1.585F+00
-7.326F-01
1.012¢F +00
1.281F+00
1e344F+00
1.278F+00
1.205F+00
1.278F+00
14344F+00
1.281F+00
1.012F+00
=7e326F-01
-1.585E+00

=7¢410E-02 -9+963E=01 -1.086£-01

Ye436E-02

=5.703E-01

-1.120£-01

187

-66.7
-78.2
90.0
78.2
66.7
62.0
68.7
-9.8
=2.6
-76.7

-79.7
=2.0
-7.8
70.9
3.7
6R.2
78.8
90.0

-78.5

-68.2

-63.7

'7009

7.8
2.0
79.7

-63.8
-6.9
=-22.5
55.2
5Z.6
5643
675
490.0
=67.5
=563
-52.4
=-55.2
225
6eY
63.8

=-55.7
-13.0
-32.1
50.0
49,2
52.6
6241
¥0.0
-62.]
-52.6
-49.2
=-50.0
32.1
13.0
55.7

-49,9
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=2+492E-25
=4.286E-04
=9.305E=-04
-1.368E-03
-1.685E-03
-1.870E-03
-1.931E-03
-10870E‘03
-1.685E-03
=1.368E-03
-9.305E‘0“
~44286E=-04
=2.492E=-25

8.801F-05

l1.147E-0S
-1.413F=-25
=1.677E-04
=-3.372E-04
=4¢463E-04
=4.918E-04
-4.995F=04
=4.982E-04
=4.995F=0a
=4.918F-04
=44463E=-00
=3.372FE-04
~1.,677E-04
-1.413E-25

1.147E-05

=6.063E-05
=1.366E-26
9.757E-0S
2¢609F-04
4e773E=04
T.004F-04
8.687E=-04
9.313E-04
R.687E-04
7.004E-04
4o TT3E-04
2¢609E-04
9.757E-05
=1e366KFE=26
-6.063E-05

=1.037F-04
le192E-25
2e¢969F =04
7.038F-04
1.155FE-03
1.570£=-073
1.864F=03
1.370F=-03
1.864F-03
1.570€-03
1.1556-93
7.038E-04
2¢969E-04

-1.050E+00
=2.049E-01
2¢447E=01
“.“07E‘01
44+930E-01
44B867E-01
“.781E-01
4.B6TE=01
44930E-01
4.40TE=01
2.447E-01
=2+049E-01
-1.050E+00
7.216E-16

=6.606E-15
=4.817E=-01
=3.174E-03
1.881g-01
1.973E-01
1.160E-01
2.697E-02
=9.79RE=03
2¢697E-02
1.160E-01
1.973E-01
1.881E-01
=3.174E-03
-4.817E-01
=6.412E-15

B.H26E-15
1.139E-01
1.722€-01
9.181E-02
-9.350£-02
-3.178E-01
=4.984E-01
=-5.664E-01
-4.984E-01
-3.178£-01
=9,350E-02
9.181E-02
1.722E-01
1.139E-01
-5.21BE-15

le110E-14
5.957£-01
2+562E-01
-5e¢342E-02
=44057E-01
=7.602E-01
=1.029€+00
=1.125E+00
=1.029E+00
=7.602E-01
=64.0S7E-01
=5.342E-02
2.562E-01

=1.575£-01
1.046E-01
3.347E-01
S.180E-01
6.507E-01
T«311E-01
7.581E=-01
T«311E-01
6.507E-01
S«180E-01
3.347E-01
1.046E-01
=1.575E=-01
=3.258E-02

1.340E-02
=T7.226E-02
1.287g-02
40271E-02
3.K19E-02
1.544E=-02
=3.226E-03
=~1.056E=-02
=3.226E-03
1.544E-02
3.619E=-02
4.271E-02
" 1¢2BTE-0?
=T7.226E-02
le340E=-02

B.758E-02
1.708E-02
=1.729E-01
=-4.539E-01
=7.565E-01
=1.020E+00
-1.198E+00
=1«262E+00
=1.198E+00
=1.020E+00
=T7.565E-01
=4.539F-01}
=1+729E-01
1« 708E=-07
8-758E-02

1.906F-01

H.936E-02
=5.002E-01
=1.23RE+00
=1.991E+00
=2.639E+00
=3.079€+00
=3.236£+00
=3.079E+00
=2.630E+00
=1.991E+00
=1.238E+00
=5.007E-01

4+055€£-01
Tel24E-01
T¢965E-01
Te248E=-01
S«436E-01
2.902£-01
54.999E~13
=2.902E-01
=5.436E-01
=7.248E-01
=7.965£-01
=T¢124E-01
=4+055E-01
=9.436E-02

9.932E-02
4.420E-01
T«803E-01
80639E-01
T«B1BE-01
S.854E-01
3.124E-01
S¢363E-13
=3¢124E-01
-SOBS“E'OI
-7.818E-01
-H.639E-01
-7.803E-01
=4.420E-01
-9.932E-02

7.830E-02
3.798E-01
6.818E-01
7.““2E-01
6.685£-01
409966-01
2¢665E=-01
4.2276-13
=2+665E-01
'“0996E-01
=6.685E~01
=Te442E-01
-6.818E-01
=3+798E-01
-7.830E-02

1eH439€-02
1.590E~01
3.127E-01
3.236E-01
2.772E-01
2¢004E-01
1.045E-01
1.273£-13
-1.045E-01
=2.004E-01
=2.772E-01
=3.236E-01
=3.127E-01

2+492E+00
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0.
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Qe

2¢492E+00
=S5.703E-01

=T7.432E-02
1.413E+00
0.
0.
0.
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0.
0.
O
0.
0.
0.
0.
1¢413E+00
=T7.432E-02

3.929E-01
1.366E-01
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0.

0.

O..

0.

0.
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Oe
l1¢366E-01
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=1.192E+00
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0.

0.
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0.
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0.

0.
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0.

=1.207E+00
=7+792E=01
1.087E+00
1.205E+00
1.121E+00
9.238F-01
T.581E-01
9.238E-01
1.121F+00
1.205E+00
1.087E+00
=7+792E-01
-1.207E+00
-1.120E-01

1.062E-01
-7.641E'01
7.852F=01
9.823F-01
9.026E-01
6.533F-01
3.247F=01
=1.056FE-02
3.247E-01
6.533E-01
9.026e-01
9.823E-01
7.852F-01
=T.641E=-01
1.062£-01

1.335F-01

4¢483E-01
-7.037F=01
-9.737F=01
=1.171F+00
-1.280F+00
-1.288F+00
=1.262t+00
~1.288F+00
=1.280£+00
=1.171E+00
=9.737E-01
=7.037E-01

4e483E-01

1.335E-01

1.923F-01

6e415E-01
-6.128F-01
-1.321F+00
-2.038F+00
=2.660+00
=3.085F+00
=3.236E+00
-3.085F+00
=2+660E+00
~2.038F+00
=1.321E+00
-6.128E-01

=21.1
-38.9
4646
4645
49.1
56.4
90.0
-56.4
=49,1
-‘06.5
-46.6
38.9
21.1
49.9

46.9
-32.6
45.3
42.6
4241
42.5
4346
-90.0
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-“2.5
-42.1
-“206
-‘.5.3
32.6
-46,9

59.6
4l.4
-5201
=-55.1
=-58.2
=626
=Tle4
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55.1
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1.192E-25
=1.037€-04

=-8.,345F=05
2.241E'25
3.175€E-04
Te¢384E=04
1.191E-03
1.601E-03
1.889E-03
1.991E£-03
1.889E-03
1.601£-03
1.191€E-03
7.384E-04
3.175€=-04
2.241F=25
=8+ 345F-05

3.583E-05

1.107E=-25
-2.165F=-26
=3.096E=25
-hebb4LE=-25
=9+RB47E=-25S
-1.273E-246
=1.331E-24
-10273E-24
=Q.847E=25
=6 e0G4LE=-P5
=3.096E-25
-2.165FE=-26

1.107F =25

3.583F=05

Ce6BTE=DN4G
=1.465E£-25
=8.113E-04
=1.962F=03
=3.236£-03
=4,421E=03
-5.280F-03
-5.569£-03
-5.280E-03
=4.42]1E-073
=3.2306E-03
-1.962E-013
-8.113E-04
=1.465E=25

2.687E=04

5.799E-04
=6.027E=25
-1.895€E-03
-4,545F-03
=7.464F=03
-1.019E-02
=1.220E-02
=1.284E=02
-102205-02

5.957E-01
=2.665E~15

1.399€E=-14
7.215E-01
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R =2.221F=03

=3.621F-03
-4.905F£-03
-5.828F-03
=6.139¢=-03
-5.828£-03
‘4.905E’03
=3.621€-03
=2.221€-03
=9.318£-04

=8.95SE+00
=4.,687E+00
=1.179E+00
2.048E+00
S.408E+00
8.839E+00
8.859E+00
8.839E+00
S.408E+00
2+048E+00
=1.179E+00
-4.687E*00
=He95SE+00
Te261E-14

-2.409E~14
=6.848E+00
~3.649E+00
-1.048E+00
1.306E+00
3.882E+00
8.113E+00
6.510E+00
8+113E+00
3.882E+00
1.306E+00
-1.04R8E+00
-30649E000
=6.848E+00
=1.332E-14

=3.,691E~-]14
=4o,423E+00
=2.430E+00
=7.912E-01
T.123E-01
2¢3G2E+00
4¢393E+00
Gelauf+00
4o393E+00
2¢392E+00
7.123E-01
-7.912E-01
-2.430E+00
-4.423E’00
9.631E~-15

=1.324E~-14
-2.040E+00
=1.191E+00
-5.499F-01
6.2776£-03
6.264E-01
1.279E+00
1.288E+00
1.279E+00
6.264E-01
6.277E-03
=-5.49GE=01
-1.191E+00

=1.343E+00
=1.970E-02
1.423E+00
2.834E+00
3.996E+00
4.589E+00
S.070E+00
4.589E+00
3.996E+00
2+834E+00
1.423E+00
=1.970E-02
=1343E+00
=2+.040E-01

=1.205E-01
=1.027E+00
=1.170E-01
9.100E-01
2+102E+00
3.655E+00
5.923E+00
S5.328E+00
S.923E+00
3.655E+00
2.102E+00
9.100E-01
=1.170E-01
=1.027E+00
-1.205E~-01

=2e¢540E=-027
=6e635E=01
=3.784E-01
=1.088E~-01
1.734E-01
4.4T0E-01
Se429E-01
Te455E=01
5.429E=01
4.470E-01
le734E-01
-1.088£-01
=3.784E-01
=6.635E-01
=2¢549E=02

3.123E-02
=3.059E=-01
=7.539E-01
=1.452E+00
=2+272E+00
-3.092E+00
=3.762E+00
=3.903£+00
=3.762E+00
=3.092E+09
=2.272E+00
=1452E+00
=7.539E-01

1.491E+00
2.689E+00
3.184E+00
3.056E+00
2e324E+00
1.319E+00
2.618E-12
=1.319E+00
=2+324E+00
=3.056E+00
=3.184E+00
=2+689E+00
=1.491E+00
-3.523E-01

44234E-01
1.804E+00
3.269E+00
3+905E+00
3.836E+00
3.093E+00
1.718E+00
3¢345E~12
=1.718E+00
=3.093E+00
=3.836E+00
=3.905E+00
=3.269E+00
=1.804E+00
=4¢234E~-01

4.547E’01
1e926E+00
3.503E+00
4e244E+0Q0
4.289E+00
3.662E+00
2.004E+00
3.709E~12
-2.004E+00
=3.662E+00
-“.ZRQE’OO
4o P2L4F+00
=3.503E+00
=1.926E+00
=4e54T7E~-01

4+5]18t=-01
1. 797E+00
3.208E+00
3.R92E+00
3.911E+00
3.257E+00
1.814E+00
3.418E~12
=1«814E+00
=3.257E+00
-3.911E+00
=3.892E+00
=3.208E+00

1.453E+01

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

1.453E+01
-8.175E+00

=6+224E+00
1.104E+01
0.
0.
0.
0.
0.
0.
0.
O
0.
0.
0.
1.104E+01
~6.224E+00

=4+.015E+00
60 T4S5E+00
0.

Q.

0.

0.

0o

0.

0.

0.

O

0.

0.
6¢T4SE+00
-4.015E+00

=1.751E+00
2e¢484E+00
Oe
0.
0.
0.
0.
O
0.
0.
Oe
0.
0.

=9.236E+00
=5.914F+00
3.561E+00
5.522E+00
T.131E+00
9.215E+00
8.859£+00
9.215F+00
T.131€+00
5.522E+00
3.561E+00
=5.914E+00
=9.236E+00
=44.687E~01

=4.879E-01
=T7.361E+00
=5.599£+00
=44.095€+00
S«.560E+00
6.863F+00
9.0556£+00
6.510E+00
9.055E+00
6.863E+00
5.560F+00
-4,095E+00
-5.599F*00
=T7.361E+00
=44,879F-01

~44.676F=-01
-5.235E+00
-5.054E+00
=44,707€6+00
4o TGOF+00
S.208F+00
S5¢247E+00
4a144F+00
S5.247F+00
5.208F+00
4.740F*00
-44.707F+00
-5.054F+00
=5.235£+00
-40676E-01

4.677F=01
=3.168F+00
-44187F*00
~4.919F+00
=5.207F+00
-4.983F+00
=4.347E+00
=3.503F+00
=4,34TE+00
~4.983E+00
=5.207€+00
-4,919E+00
~4.1876+00

-1007
=245
56,1
48.7
36.5
15.9
-0
=-15.9
=36.5
-48.7
-56.1
24.5
10.7
53.1

=4G.,0
~15.9
-30.8
'38.0
48,0
4349
28,7
«0
-28.7
-43.9
-48,0
38.0
30.58
15.9
49,0

-4508
-EZOH
=36.8
42,7
43.2
37.6
23.1
0
-23.1
=-37.6
-43.2
“2.7
36.8
2268
45.8

4640
-32.1
‘43.1
-4H.3
-5301
=59.9
-7201
=-590.0

72.1

59.9

53.1

48.3

43.1
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28
28

29
29
29

29
29
29
29
29
29
29
29
29
29
29

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

32
32
32
32
32
32
32
32
32

=-2¢484E=25
2.702E-04

=6.886E-05

le344F=25

14142E=25
=-24329E-25
=5.570E=25
=8¢ 794F =25
=1e154E=24
=1.207E-24
=1.154E-24
“8¢794E=25
=5.570E-25
=2.329E=25

1.142E=25

1e344F =25
=6+886E-05

=3.984FE=04
7.213E-0S
6.25RFE-04
1.274E=-03
1.943-03
2.532E-03
2.936E-03
3.080E-03
2¢936E£=03
24532€£-03
14943E=-03
1.274E=-03
6.258F-04
7.213E-05
=3.984FE-04

=TeS44E-04
3.108E=-05
9.240E-04
1.911E-03
24894E-03
3.739t£-03
4.312E=03
4.515E£=-03
44312F=03
3.739E-03
2+894E-03
1.311F=03
9.240E-04
3.108E-05
-7.544F-0“

=l1.161F-013
=le431E-04
Q.440F-04
2+071E-03
3.145E=-03
4+041E-03
4¢637E-03
4eB84TE=-03
4¢637E-03

~2.040E+00
-8.687E-15

-R.271E-15
-1.789E-01
=1.415€E-01
=443B80E=01
=7.757€-01
-1.098E+00
=1.337E+00
=1.414€+00
=1¢337E+00
=1.098E+00
=7.757E-01
=4.380E-01
=1.415E=-01
=1.789€=-01
=1.332E-15

=4ehRuE-14
2.038E-01
1.402E-01
=2+295€=01
=-7.088E-01
=1.17RE+00
=1.527E+00
=1.645E+00
=1.527E+00
-1.178E+00
-7.088E=-01
-2.295E-01
1.402£-01
2.038E-01
1e926E~-14

1.216E~-13
1.942FE-01
l.162E-01
=1.666E-01
=5.406E-01
-9.,061E-01
=1.173E+00
=1.267E+00
=1.173E+00
-9.061E-01
-5.‘006E-01
=1.666E-01
1.162E-01
le942E-01
1.388E-14

1.059€-13
9,40R8E=Q2
3.140E-02
=1.3R4E=01
=3.581€-01
=S.706E-01
=T7+239E-01
=7.792€-01
-70239E-01

=3.059E-01
3.123E-02

2.859E=02

1.905g-01
=9.435E-01
=2+920E+00
=5.171E+00
=7.317E+00
=8.914E+00
-9.430E+00
=8.914E+00
=7.317E+00
=5.171E+00
=2.920€+00
=94435E-01

1.905E-01

2+859E=-02

=7.969E=-0?
=3.105€-01
=9.A59E=01
=1.954E+00
=3.097E+00
-40166E‘00
=4.931E+00
=5.203E+00
=4.931E+00
=44.166E+00
=3.097E+00
=1.954E+00
-90659E-01
-3.105£-01
=7 e969E-0Q2

=1.094t-01
-20599E-01
=5.R65c-01
=1.059E+00
=-1.601F+00
=2.103E+00
=2+458E+00
=2.585E+00
-POQSHE’OO
=2.103E+00
=1.601E+00
-l)OSQE*OO
=5.365E=-01
=2e599E-01
=1.094E=01

=1.532E-02
=6« 690E-02
~1.942E=-01
‘3085“E'01
=6.063E-01
=B+113E-01
=9.558E-01
-1.008E+00
=9.,55HE=01

=1.797E+00
=44+518E-01

4e834E-01
1e4SRE+00
2.242E+00
2.624E+00
2.582E+00
2.096E+00
1.167E+00
2¢254E-12
=1+167E+00
=2.096E+00
=2+5R2E+00
=2+624E+00
=24242E+00
‘IQQSBE’OO
=~4eR34F=01

4+339E-01
Y9.R07E-01
1.145E+00
1.201E+00
le114E+00
Be 639E=-01
4.725eE-01
90301E-13
-“07?SE‘01
~4e639E=-01
=1.114E+00
-1.201E+00
=1.145E+00
=9.B07E-01
=44339E-01

2¢639E-01
5¢200E=-01
4eBT3E-01
4.252E-01
3.4256-01
20“02E-01
1.240E-01
24137€-13
=1.240E-01
=2+.402E-01
=3.425E-01
~4e252E-01
=4.873E-01
=5+200E-01
=2¢639E-01

le419E-01
2e443FE=-01
14606E-01
7+551E-02
1+376E-02
=le614E-02
=1.668E-02
—4.642E~14
le668E=02

2.484E+00 -3.168E£+00

=1.751E+00

Gel62E-01
=2+689E+00
=1+142E+00

24329E+00

S.570E+00

B.794E+00

1.154E+01

1.207€E+01
1.154E+01

Be794E+00

5.570E+00

2¢329E+00
=1.142E+00
=2+689E+00
4el462E-01

0.
0.
0.
0.
0.
0.
O«
0.
0.
0.
0.
0.
O«
O
Qe

(v
(v
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
Oe
(v
Qe

O
Qe
0.
Qe
Qe
O
Qe
O
0.

4e677€-01

4e979E-01

1.476E+00
=2.820E+00
=4.582F+00
=6.364E+00
=7.957E+00
=9.089E£+00
-9+430E+00
-9.089E+00
=74957£+00
’6036“E‘00
=4.582E+00
=2.820E+00

1.476F+00

4e979F=-01

-‘00 7566-01
=-1.067F+00
=1.685F+00
=2.570£+00
=3.536£+00
-4.398F+00
=4.995F+00
-5.,203F+00
=44995F+00
-4039RF’00
=3.536F+00
-2.570F+00
-1.685F+00
-1.067F+00
—4e756F-01

-30242F-01
=6+003F=01
=8+360F=01
-l.229k’00
=1.702F+00
=2.150£+00
-20“69"—’00
=2+585E+00
~2.469F+00
=~2.150F+00
=1.702F+00
=1.229£+00
=-8+360F=01
-6.003F-01
=3.242F-01

-10‘09’*‘:-01
2.70RF =01
=2.777F=01
=6.066F-01
=6.071F=01
-Be124E-01
=9.570£-01
-1.008FE+00
=9.570E=01

193

32.1
=46.0

45.8
48.6
-50-1
=57.7
-6502
‘7300
-8l.4
-90.0
8l.4
73.0
65.2
STe7
50.1
48,6
-45.8

=476
-52.3
=-57.9
-62.8
-68.5
-75.0
-H2.2
-9000
82.2
75.0
68.5
bz.8
57.9
52.3
47.6

-5009
=-56.48
=629
-bH.2
=73.+
-76.1
=B4e¢5
'90'0
84.5
7941
73.6
63,2
6249
56.R
50.9

=-45,5
35.9
6245
-T44.3
-86.8
8642
85.9
50.0
=-85.9
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9 32
10 32
11 32
12 32
13 32
14 32
0 33

1 33

¢ 33

3 33

4 33

5 33

6 33
7 33
8 33
9 33
10 33
11 33
12z 133
13 33
14 33

4.041E-03
3¢145E-03
2¢071E~03
9.440E-04
=1.431E~-04
=-1.161E=03

=1.577F-03
=3.713E-04
8.314E-04
1.989E’03
3.028E-03
3.85RE-03
4¢3976=03
44.584E-03
4.397€E-03
3.858£-03
3.028E-03
1.989€E=-03
Be314E-04
=3.713E-04
=-14577E-03

STATICS CHECK.

=S+ T06E~01
=3.5R1E~01
=1.384E-01
3140E~02
9.408E-02
~44952E=14

7595E~13
~4.961E-02
=6615€-01
-1 T36E+00
=3.038E+00
-4,269E+00
=Se.145E+00
-S.462E+00
=5.145E+00
=4.269E+00
~3.038E+00
=1.736E+00
=6+615E-01
=-44961E~02
=4.042E-13

~B+113E~01
=6+ 063E~01
«3+RS4E=01
“1e942E~01
-6+ 6F0E~02
~1532E~02

1.613E~13
1.991E~14
~8s316E~14
«)leb4T4E=13
-2e571E~13
2o H45E-13
~2.T27€E~13
-2+ 4BTE~13
-2.558E~13
~1.881E~13
«}le754E~13
=1.221E-15
S+496F~15
5.593E~15
9.782E~15

lebl4E=Q2
=1e376E~02
~T7+551E-02
~1.606E~01
-24443E~01]
~1e419E-01

Se111E~02
84300E-02
4+ )165E-02
1.931E-03
=2e34UE~-02
~3.011E~02
~1+996E~02
~2e623E~14
1.996E~-02
3.011E~-02
2¢344E=02
~1«931E~03
~44165E~02
~8e300E~02
~5«111E~02

SUMMATION OF PEACTIONS =

TIME FOR THIS PRORLEM -

ELAPSED TM TIME =

1 MINUTES

0.
0
0.
0.
0.
0.

O
0.
Oe
Ce.
Qe
(118
0.
0.
0.
Oe
O
0.
Oe
Oe
(18

3.292E+02

0 MINUTES

=Be124E-01
=6.071E~01
~4s066E-01
~2.777E-01

2.708E-01
~1e498E=01

SelllE=-02
=lell4E=01
~“6+64]1E-01
~1e 7T36E+00
~3.038E+00
=4.,269E+00
-5+ 145E+00
=5.462F+00
~5.145E+00
-4 269E+00
-3.,038£+00
=1+ 736F+00
~6eb641FE~01
~1lell4F=01
-5.111E~02

=-8642
86.8
T4e3
625
=35.9
46.5

45.0
=36.7
=3.6
-el
o4
ol
4
0
-2
~ols
-l
o1
36
367
4540

21.054 SECONDS

36.617 SECONDS



PROGRAM

CHG CE 909099

HOUSTON SHIP CHANNEL STRUCTURE

RETURN THIS PAGE AND THE FOLLOWING PAGE TO THE TIME RECORD FILE

26 JAN 70
16,25.07.
16425607,

1625407,
1625040,
16425.40.
16425440
16025443,
16629049,
16629449,
16629449,
16029.“9.

UNIVERSITY OF TEXAS 6600

BLEBJ309.
BLEB309.

RLFAR309.
BLEB309.
BLEB309.
~LEB309.
BLE8309.
BLES309.
3LEB309.
~LEB8309.
BLEB309.

SLAB 30

195

- PANAK REVISION DATE 20 NOV A9
1 DEC 69 HUA FT=-KIP UNITS
TWwO=-WAY LIGHT-WEIGHT DECK

FINAL REPORT DECK
CODED AND RUN

ELAPSED TM TIME = 1 MINUTES 36.629 SECONDS

-= HM

ut 1
PANAK+91779075000+200.CE909099+MATLOCK.

RUN(S)

CTIME 009.988 SEC.
MAP,
LGO.

LOADER UNUSED STORAGE 007160.
END - SLaB30

RUN LEVEL 53v

CP 0Q048.028 SEC.
PB  062.437 SEC.
TM 096,657 SEC. 141 (OCTAL)
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